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Foreword 

This report of the proceedings of the Ninth Interna- 

tional Technical Conference on Experimental Safety Ve- 

hicles was prepared by the National Highway Traffic 

Safety Administration, U.S. Department of Transporta- 

tion. 

We wish to thank the authors and all those responsible 

for the excellence of the material submitted, which aided 

materially in the preparation of this report. 

For clarity and because of some translation difficulties, 

a certain amount of editing was necessary. Apologies are, 

therefore, offered where the transcription is not exact. 
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Section 1: 

Opening Ceremonies 

Welcoming Address: 

Mr. Manabu Shiga the United States in 1970, aimed at developing an ESV. 

Director General of the Machinery and Infor- Since then, this conference has been held eight successive 

mation Industries Bureau, Ministry" of Interna- times, during which period there has been a marked ira- 

.....,.... ti~na~ Trade and Industry provement in automobile safety, due in large part to the 

contribution made by this conference. 

We have an old saying in Japan that "Three heads put 

On behalf of the Japanese government, I would like to together are wiser than Buddha." I am sure that the next 
welcome the delegates and other participants who have four days of lively discussion will prove the truth of this 
come to Japan for this Ninth International Technical proverb, and that this joint government-industry effor~ 

........... Conference on Experimental Safety Vehicles. will yield important results. 
Let me first thank both the government and automobile Kyoto, where we are gathered today, became the capital 

industry officials in the U.S. and other participating coun- of Japan in the eighth century and prospered as such for 
tries for their valuable assistance in organizing this con- over 1,000 years. The city is truly representative of Japan’s 
ference. Special thanks must also go to the Japan historic past, and I sincerely hope that our friends from 
Automobile Manufacturers Association and the Japan overseas will enjoy their visit to the full, despite the short- 
Automobile Research Institute for their help in prepa- ness of their stay. 

rations. Finally, let me express my best wishes for the success 

The first ESV conference was held in Paris in 1971, as of the Ninth International Technical Conference on 
part of an international cooperative effort proposed by perimental Safety Vehicles. 

Welcoming Address: 

Mr. Takashi Ishihara, President, us that Kyoto has been chosen again as the venue for the 

Japan Automobile Manufacturers Association ninth conference. 
This conference has been made possible by the collec- 

tive efforts of the government officials and members of 

On behalf of the Japan Automobile Manufacturers As- the automobile industry in the United States and other 

sociation, I would like to warmly welcome you all to the participating countries as well as Japanese government 

International Technical Conference on Experimental officials. I would like to pay tribute to their cooperationl 

Safety Vehicles here today. The automobile represents the most useful means of 

The First International Technical Conference on ESV transport we have today. It is indispensable to our modern 

was held in Paris in 1971. It has since been followed by life. This product of modern civilization has played a 

successive conferences in a number of countries through7 major role in the social and economic development of 

out the world, including the fourth, which was held in many countries. But as you are all aware, many associated 

Kyoto nine years ago. It is, therefore, a special honor for problems--traffic accidents, exhaust gas emissions, and 

1 
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noise--call tbr solutions through technical innovations, the form of sharing research findings, information, and 

The foremost problem of all, however, is and will continue opinions. 

to be safety, a question whose importance will grow as This conference, bringing together experts from many 

the interdependence of the automobile and society in- countries around the world, is a splendid opportunity to 

creases, realize such exchanges. I am certain that the next four 
Safety is an issue of great concern to both governments days will be filled with lively discussion and prove very 

and automobile manufacturers alike. We have already productive. 

achieved many accomplishments, but I need hardly re- In conclusion, let me express my best wishes for the 

mind you that much work remains to be done in this success of this conference. I also wish our friends from 

area. I am keenly aware that the solutions to these com- overseas a brief yet pleasant and memorable stay in Japan. 

mon problems require closer in;:ernational cooperation in Thank you. 

Keynote Address: 

The Honorable Darrell M. Trent 45 percent, and the inflation rate--once over 12 percent, 

Deputy Secretary is now running at an annual rate of 4.8 percent. 

United States Department of As the economy improves, the U.S. auto market will 
improve with it. Some industry leaders are predicting 

Transportation domestic sales in the 6 to 7 million range for 1983, and 
8 million by 1985. As more new and safer cars take to 

I am plea~d to keynote this Ninth International Tech- the highways, the fatality rate will decline. 
nical Conference on Experimental Safety Vehicles. I wish As one would expect, safer cars have contributed sub- 
to thank our hosts, the Government of Japan, and our stantially to the reduction of deaths and injuries. We have 
co-hosts, the Japan Automobile Manufacturers Associa- awakened to the fact that highways and streets do not 
tion and the Japan Automobile Research Institute for have to be places of sudden and violent death. We do not 
inviting us here to Kyoto to discuss progress in auto- have to accept a particular death toll as inevitable, or any 
motive safety research, fatality rate as "acceptable." Government and industry 

This confederation of concerned nations was founded must continue to treat death and injury on the highway 
12 Years ago in a common dedication to the principle that as any other major national affliction--through aggressive 
a safer car can be a better car, and in the growing universal research into the best means of prevention and corrective 
acceptance of passenger safety as a viable and basic cri- treatment of the causes. 
teflon of automotive design. In that regard, I cannot emphasize too strongly the 

Due to the dedicated efforts of both governments and Reagan Administration’s firm and abiding commitment 
industries, today’s automobiles are safer, less polluting, to transportation safety--we believe that this matter must 
and more fuel efficient than those manufactured only a be pursued in a way that takes advantage of the broadest 
few years ago. Advances in automotive technology, many possible spectrum of expertise. This must be a cooperative 
the result of our ESV/RSV work, have made the tradeoffs open-minded venture, not a restricted and parochial one. 
less dififcult between safety, performance, fuel economy, Our Administration favors an approach that 
and emissions control. What was considered impossible 
a few short years ago is now state-of-the-art technology --emphasizes government-industry cooperation 

in today’s production cars. --promotes global technology sharing 
---enhances automotive safety without unnecessary, We are not, however, replacing the older cars on our 

highways at the rate which we--and the manufacturers~ burdensome regulations, and 

would prefer. We have been suffering; from a depressed --facilitates international trade through harmonization 

auto market for the past 3 years--the result of inflation, of safety standards. 

high interest rates, and a stagnant economy. 
The Reagan Administration has been working to cor- Government-Industry Relations: 

rect the r~t causes of these problems. Prior Adminis- 
trations operated on the philosophy of "spend today and Since President Reagan took office, we have made im- 
pay tomorrow"--if it’s income, tax it; if it’s industry, portant strides in improving our general approach toward 
regulate it; where there’s a budget, break it; and whatever government-industry relations in virtually every economic 

the problem, legislate it. and industrial area. Motor vehicle safety is no exception. 
We have changed all of that. The present Administra- The Federal Government may conduct research, per- 

tion has cut the growth in Federal spending by nearly form tests, and propose regulations, but the manufactur- 
two-thirds. The prime interesl rate has dropped nearly ers have the practical and technical expertise and 
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experience in building the cars. Clearly the best approach free world, and regulations cannot be expected to protect 
to improving automobile safety is one in which govern- us from every danger inherent in a modern s(~ciety. Reg, 
ment and industry cooperate and bring their respective ulations are often expensive to implement. They can 
expertise and experience to bear in solving mutual con, impede innovation and be counterproductive to longer 

......... cerns, term improvements in both the safety and utility of our 
We reject the view that automobile manufacturers transportation system. 

would not care about safety unless the Government forces The costs of imposing restrictions and regulations must 

regulations upon them. The public demands and has a be weighed against their contributions to safety. Our 
right to expect safe products. This is a highly competitive Administration believes that we have often promulgated 
business and those who produce inferior, less safe vehicles rules of dubious safety value that are economically bur- 

............... won’t be able to compete for long. The automobile in- densome for the consumer as well as the automobile in- 
dustries in the U.S. and abroad have every incentive to dustry. We must avoid the "rush to regulate" syndrome; 
work with their governments in developing safe, quality There must be sound and compelling safety advantages 
products. Therefore, a strident, adversarial relationship that justify the costs of regulation in both direct economic 
between regulator and manufacturer clearly makes no terms and in the effect on innovation. 
sense. For example, we rescinded the automatic restraint re- 

In this regard our colleagues from other countries are quirements for new cars because we thought the regu- 
well aware of the many advantages of close government- lation would not achieve the originally projected safety 
industry relations because they have a long history of benefits. Safety belts are now in virtually all cars. They 
productive interaction. Our Administration agrees that provide comparable protection if used. The automatic 
this is the best course and we will pursue it with vigor, restraint regulation was defended on the grounds that 

people could not be induced to buckle up. But we have 

Technology Sharing initiated an unprecedented and sophisticated national 
campaign to inform the public of the benefits of using 

In the area of transportation safety, no country has a safety belts, and all of our results to date confirm our 

monopoly on the best ideas or approaches. This is why belief that it will be successful in persuading record num- 

we favor an active international research and development bers of Americans to "buckle up.’, If significantly more 

program to foster data and technology sharing, people will use belts available now, we can save thousands 
Independent and uncoordinated R&D can prove waste- of lives without additional cost. For each 10 percentage 

ful, redundant, and lead to the development of safety point increase in safety belt usage within the U.S., we can 
technologies which may not always be suitable for world- save about 1,700 lives per year. 

wide application. International cooperation can lead to We are strongly committed to the orderly and prudent 
the development and expanded use of improved safety introduction of advanced forms of safety technology into 
equipment on a global scale. Furthermore, as manufac- the marketplace. For example, if manufacturers wish to 

turers employ similar safety systems, they can reduce the offer air bags or automatic belts as optional equipment, 
need for retooling to meet different safety standards in we encourage them to do so. If the public wants and likes 
domestic and foreign markets. Through cooperative ef- them, the marketplace will support their availability. Our 
forts the cost of international trade can be reduced and studies and information confirm substantial levels of de, 
the safety of vehicles sold can be improved, mand in the U.S. market. In this regard the Department 

Our Department has a number of ongoing international is taking what we believe are appropriate steps to assist 
R&D projects. But I would particularly like to call your industry in the commercialization of advanced technol- 

attention to our recent initiative in which we proposed ogy. DOT is ready to sign a contract to help develop a 
seven new collaborative R&D projects to our colleagues means to retrofit air bags into vehicles. These systems 

in Europe and Japan. Our technical experts are looking would be available to selected state police car fleets in 
forward to receiving positive responses to these proposals the U.S. Our formal notification of this effort in the form 
in the near future and I personally believe that our ex- of a Request for Proposals was published in the Depart- 
panded cooperation in the area of automotive safety re- ment of Commerce Business Daily on October 25, 1982, 
search will yield high dividends for industry and and was being mailed to our contractor list as I left 

consumers alike. Washington. 
Another means of improving highway safety without 

Emphasizing Safety Without Unnecessary new technical regulations is to crack down on drunk 

Regulation drivers. 
Each year an estimated 25,000 Americans die and !.7 

As we implement a comprehensive safety program, I million are injured in crashes involving drunk drivers. 
want to emphasize that economic considerations are an More than 11 million American families have seen a 
important part of our planning. We do not live in a risk- member killed or injured in an accident involving a drunk 
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driver in the past 10 years. Soc’iety’s loss in wages, pro- and will again import more than two million this year. 

ductivity, medical and legal costs, and purchasing power Imports now account for more than one quarter of total 

caused by deaths and injuries in drunk driving crashes car sales in the U.S. We pride ourselves on being an open 

costs many billions each year. market without arbitrary trade barriers. 

In the United States, we are making major progress in Fair access to foreign markets is particularly important 

this critical area. President Reagan has established a Com- for the U.S. because the automobile industry is a vital 

mission on Drank Driving to provide visibility to the component of the American economy° Our companies are 

problem and coordinate national and local emphasis, ed- building reliable, safe, and fuel efficient vehicles that can 

ucation, and prevention programs. Governors of more compete if given a chance. But this is not always the case. 

than hatf of our States have appointed task forces or Overly bureaucratic foreign safety regulations are often 

special commissions on drunk driving to examine their so costly and burdensome that they actually impede the 

States’ anti-drunk-driving measures and to recommend normal course of international trade. American manu- 

reforms. Some of these task forces have already reported facturers and workers deserve and have a right to expect 

back, and many of their recommended reforms have been the same opportunities abroad as foreign suppliers have 

implemented with significant irapact. Indeed some States in our country. At present, many American automobile 

have had fatality reductions of about 30 percent. This is workers are unemployed and they have a difficult time 

one of our highest priority programs, and will receive understanding why our markets are open and other mar- 

major emphasis in the coming years, kets, which could help put them back to work, are re- 
stricted. 

We live in an interdependent world economic system 
International Harmonizatioll of Safety 

in which nontariff trade barriers cloaked as safety regu- 
lations have no place. The United States considers it a 

Finally, I want to stress our commitment to harmo- high priority to overcome these differences which hamper 

nizing our safety regulations with other countries. At 
free market economics and is prepared to work diligently 

present, nations often have incompatible test procedures, 
in both bilateral and multilateral forums to achieve near- 

performance standards, compliance criteria as well as term, substantive results. 

means of certifying compliance. These differing regula- 
tions make :it technically burdensome for manufacturers Conclusion 
to construct cars for domestic and foreign markets they 
serve as nontariff trade barriers that restrict international In conclusion, let me commend this international con- 
commerce---they are costly to consumers and industry ference as exactly the kind of cooperative effort we need 

alike while providing no safety benefits, to address important transportation safety issues. Less 

Free trade is one of the principal cornerstones of the than 60 years ago, automobiles were almost a novelty. 

international economic system and automobile sales rep- Today they are "fact of life" in modern industrial coun- 

resent an integral part of that system. In this context, fair tries and they are now becoming more widespread in 

access to foreign markets is essential in order to preserve developing nations as well. Automotive and highway 

a congenial world trade environment. As you are no doubt traffic safety have become issues of public concern on an 

aware, the united States is the largest and most profitable international scale. As can readily be seen from the rep- 

market for foreign automobile imports. In 1981, our coun- resentation here today these matters are being accorded 

try imported over two million cars from foreign suppliers the priority consideration they deserve. 



Awards 

Presentations 

SAFETY AWARDS FOR ENGINEERING EXCELLENCE 
In recognition of and appreciation for extraordinary contributions in the t~e|d of 
motor ,~ehlcle safety engineering and for distinguished service to the motoring pnblic. 
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Federal Republic of Germany 

Professor Dr. |ng~ Max Danner 

President of the Comrnittee of Accident Prevention 
HUK-Verband 

Professor Danner initiated the HUK accident research program and 
developed a retrospective large scale analysis of real accidents based 
on insurance claims and accident data. The results of this 
outstanding work identified sat~ty measures that could be 
implemented in a short time frame. Of special significance has been 
his work on the effectiveness of safety belts and restraint systems, 
simulation of motorcycle and car accidents, car crash tests with 
restrained volunteers, and the development of standards for rating 
vehicles witl~ respect to crash damage and repairability. 

Dr. Ing. Kiaus Langwieder 

Head of Automobile Engineering 
Accident Research 
HUK-Verband 

Dr. Langwieder has made a significant contribution to vehicle safety 
by his in-depth analysis of large scale accident data. This analysis 
identified the connection between accident severity and mechanisms 
as well as tile characteristics oF injuries. These studies resulted in the 
development of safety criteria ~or passenger car occupants, 
motorcyclist, and pedestrians and the development of proposals for 
safety countermeasuresmknee bars for motorcycles and front 
protection for trucks. Dr. Lang-wieder’s work has also supported 
research in car-to-car compatibility and driver/vehicle interaction and 
has contributed significantly to our knowledge of vehicle accidents. 
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Dr, Ing. Ulrich Bez 

Head, Vehicle Basic Research 
Porsche AG 

Dr. Bez has made significant research contributions in the areas of 

accident analysis, biomechanics, crashworthiness, vehicle 

compatibility, and cost/benefit analysis. In addition to his work in 

aspects of active and passive safety, Dr. Bez has investigated the 

basic medical and technical conditions influencing the physical 

condition of injured polytraumatized accident victims, and has 

developed a successful rescue system which also can be used in 

disaster control. Because of Dr. Bez’s outstanding research work he 

was appointed in 1981 as Head of the Vehicle Basic Research 

Department, R&D Center, Porsche AG. 

Wilfried Schwant 

Passenger Car Development 
Safety Engineering 
Volkswagenwerk 

Mr. Schwant was responsible for the development of the restaint 

system for the ESVW I. Within the scope of this effort he developed 

new components which led to eight patent applications. Following 

the research effort Mr. Schwant had responsibility in Safety 

Engineering for the development of occupant protection systems and 

seats for production vehicles. In addition to many novel approaches 

and engineering solutions that currently appear in production 

Volkswagens, the most recognized is the passive restraint system 

installed in the 1975 Golf/Rabbit--the first production automatically 

activating protection system in the world. For his impressive 

contribution to vehicle safety Mr. Schwant is deserving of special 

recognition. 
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United Kingdom 

John Cart 

Development Engineer 
Lucas Girling Ltd. 

Mr. Cart has made a major contribution to vehicle safety by the 

successful design, development, and application of an effective anti- 

lock braking system for motorcycles. Mr. Cart’s system overcomes 

one of the greatest dangers facir.~g motorcyclists during heavy 

breaking--wheel lock and the consequent loss of control. His 

enthusiasm and perseverance during more than 5 years of engineering 

evolution have resulted in an economical and reliable unit. This 

unit’s impressive performance has been confirmed during evaluation 

trials in Europe and in Japan, and under contract by the National 

Highway Traftic Safety Administration. The introduction of this 

novel, unique braking system or~ series production motorcycles will 

provide a major contribution to road safety. 

George Stephen Rothman 

Managing Director 
KL Automotive Products Ltd. 

Mr. Rothman was instr~3mentat in the design and development of an 

improved child safety seat which evolved in 1970 into the first 

modern child seat which restrained the car’s seat back independently. 

Mr. Rothman’s development was part of the first integrated range of 

child restraints (carrycot, seat, and harness) for all ages and was 

recognized by a Design Council Award and was rated best in United 

Kingdom and overseas tests for safety and ease of use. To date, over 

one million have been sold, and accident studies have shown that 

Mr. Rothman’s child restraint is very effective in reducing accident 

risks. This major contribution ~o child safety is deserving of special 

recognition. 
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Italy 

Dr. Mario Barile 

Technical Director 
Fiat Auto SpA 

Dr. Barile has made a major contribution to vehicle safety by the 

design, development, and implementation of advanced vehicle test 

devices and protocol. As the Director of vehicle safety testing since 

1966, he has been responsible for developing special systems for load 

measurements ranging from driver and pedestrian protection to 

structure evaluation by means of static tests and dynamic tests. Dr. 

Baffle was a principal contributor in the Fiat accident analysis study 

and in the research on vehicle compatibility which led to the 

development of the Fiat crash methodology. In 1981 he became 

Director of the Fiat Safety Center. 
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Rene Larousse 

Research Engineer 
Citroen 

Mr. Larousse has conducted research in all areas of passenger car 
safety. His work addressed the xnan/machine interface problem, the 
integration of the restraint system with the vehicle structure, the 
development of advanced vehicle structure concepts, the development 
and test of advanced restraint system concepts, accident 
reconstruction and pedestrian safety improvements. The results of Mr. 
Larousse’s research are now in production Citroen cars, and he 
personally ted the development of the small DYANE-ATP saloon 
car. Mr~ Larousse has made a major contribution to automotive 
safety. 

Jacques Provensai 

Regie Nationale des Usines Renault 

Mr. Provensal is responsible fol secondary safety research within 
Renault’s Vehicle Structure Research Department. He had major 
responsibilities in the development of test methods for defining and 
designing the Regie Renault’s crash test track which is a test facility 
especially adapted to research in the field of secondary safety. After 
participating in the development of Renault’s first Experimental 
Safety Vehicle, the BRV (Basic Research Vehicle), presented at the 
1974 ESV Conference in London, Mr. Provensal headed the team 
which designed the second Renault safety vehicle, called EPURE, 
which was revealed in 1979 at the ESV Conference in Paris. The 
work performed by Mr. Proven.sal at the Research and Secondary 
Safety Testing Department, which he has headed since 1979, has 
principally o~ncentrated on energy dissipation and preservation of the 
vehicle compartment in impact. 
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Sweden 

Rune Almqvist 

Senior Safety Engineer 
Volvo Car Corporation 

Mr. Almqvist has made a major contribution to automotive safety by 

his efforts to improve the crashworthiness performance of Volvo 

passenger cars. His work led to the development and incorporation 

of the concept of front and rear crash deformation zones and to 

improvement in the effectiveness of the Volvo three-point seat belt 

system. Mr. Almqvist was instrumental in the design and 

establishment of the Volvo Crash Safety Center, and he has been 

continuously involved in various international safety organizations, 

The results of Mr. Almqvist’s safety design efforts contributed 

significantly to the successful crash test of the 1982 Volvo at the 

NHTSA Safety Research Laboratory. 

11 
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Japan 

Kenichi Goto 

Research Director 
Japan Automobile Research ~nstitute, Inc. 

Mr. Ooto joined the Nissan Motors Company in 1956. He was 
appointed as a Research Director to the Japan Automobile Research 
Institute in 1979. He was responsible for the successful work on the 
evaluation of the Research Safety Vehicles, fabricated by both 

Calspan Corporation and Minicars, Inc. At the Japan Automobile 
Research Institute he directs the traffic accident survey and other 
important studies for preventiort of large truck accidents, 
improvement of large truck rear bumpers, improved safety 
performance of front windshield.s, and improvements to impact 
dummies~ In addition, Mr. Goto is Chairman of the Safety and 

Human Engineering Committee of the Japanese Society of 
Autorrlotive Engineers, serving for improvement of autornotive safety. 

Hideo Takeda 

Director 
Honda R&D Co., Ltd. 

Since 1975 Mr. Takeda has bee~ responsible for all safety aspects in 
the deve!opment of Honda automobiles. He led the engineering group 
with the responsibility to improve the occupant protection 
performance of Honda cars in 35 mph crash tests. This effort 
resulted in dramatic improvements in the 1981 model year 
production Civics. Mr. Takeda contributed not only to the 
introduction of new safety conc,epts in production Honda cars, but 
also was project leader of a basic research engineering group 
responsible for the development of air bag systems for small 
subcompact cars. The results of Mr. Takeda’s work have made a 
major contribution to automotive safety. 
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Special Award of Appreciation 

Michel Frybourg 

Mr. Fryhourg has had a long and distinguished career in support of 
improvements in highway safety. He is the senior government status 
report presenter, having made the status reports for France during all 
ESV Conferences. His support of the International ESV Program has 
been outstanding. His counsel on engineering approaches and 
direction has always reflected what is practical and producible. Mr. 
Frybourg has been personally responsible for the excellent 
cooperation of the French Government and the significant 
contributions of the French automobile industry. It is, therefore, 
appropriate that we recognize Mr. Fu,,bourg’s outstanding 
contributions to highway safety. 
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Section 2: 
Government Status 

Reports 

Mr. Manabu Shiga, Chairman, Japan 

United States Government Status Report 

MICHAEL M. FINKELSTEIN funds available are allocated efficiently. It will also en- 

Associate Administrator for Research and courage the development of safety improvements that can 

Development, National Highway Traffic be incorporated into production vehicles in a timely lash- 

............... Safety Administration ion. We are currently proposing a similar program with 

the membership of the European Experimental Vehicles 

Committee and the Government of Japan. To date our 

INTRODUCTION domestic program has been extremely beneficial to all 

concerned. We are hopeful that our international coop- 

It is my distinct pleasure to present the United States erative program will also be mutually beneficial. 

Government Status Report, on our progress in automotive 

safety. THE ACCIDENT ENVIRONMENT 
During the past 2 years, there has been no marked 

change in the general direction of our vehicle research Since the last conference, the death rate per 100 million 

program; but there has been a dramatic change in the vehicle kilometers traveled in the United States has de- 
management approach. Our objective is the early intro- creased from 2.10 in 1980, to 1.97 in 1981, and to 1.69 
duction of research results into production cars. To help through July 1982; these are decreases of 6.2 percent and 
accomplish this objective, we have (1) established a co- 14.2 percent respectively. 
operative research program with the industry concen- In 1981 the number of licensed drivers and the number 
trating on technology transfer; (2) redirected research of registered vehicles in the United States continued their 

programs to address safety improvements in subsystems steady increase. Vehicle kilometers traveled also in, 

rather than complete vehicle systems; and (3) given more creased, reversing the downward trend of the past several 
attention and priority to the crash avoidance research years. That downward trend, it will be noted, was all in 
area. travel by automobiles and motorcycles; the rising truck 

We have recently completed a major effort to establish and bus travel never faltered. Tables 1 and 2 show these 
safety priorities in crash protection. Much of this effort environmental trends. 
was presented in technical papers at the February 1982 Despite the rise in kilometers traveled, the number of 
Society of Automotive Engineers Congress. Our updated traffic fatalities is at a 3-year low (Reference Table 3). In 
Safety Priority Plan which is to be published in December fact, as Table 4 indicates the fatality rate in terms of 
1982 will also reflect these new safety priorities, kilometers traveled has dropped below the 1978 rate 

Currently in progress is an analytical effort similar to which was the low point in the decline experienced since 
the crash protection work to establish safety priorities in 1966. 
the crash avoidance area. The results of this effort will Of the 49,268 traffic fatalities in 1981, 26,545, or 54 
be reported during the SAE Congress scheduled for Feb- percent, were passenger car occupants. Table 5 shows the 
ruary 1983. distribution of these occupant fatalities by type of occur- 

The recently established cooperative safety research rence. Frontal and side crashes continue to account for 
program with our domestic manufacturers will also allow three-fourths of the cases. 
us and the industry to ensure that the limited research Table 6 illustrates one aspect of the interaction between 
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Table 11. Licensed Drivers (millions). 

Year 1977 1978 1979 1980 1981 

138.1 140.8 143.3 145.3 148.0 

Table 2I. Vehicle Registrations{a~ and Vehicle Kilometers{bL 

1977 1978 1979 1980 1981 {~ 

Autos 
Reg.             113.7 116.6 120.2 121.7 124.3 

Km. 1800.3 1884.7 1835.5 1789.4 N/A 

Motorcycles 
Reg. 5.0 5.1 5.5 5.7 6.0 

Km. 36.3 37.2 35.4 29.0 N/A 

Buses 
Reg. 0.5 0.5 0.5 0.5 

dKm. 9.5 9.8 9.8 10.3 35.4{°~ 

Trucks 
N/A 

Reg. 29.6 31.7 33.3 33.6 

Km. 530.2 559.9 580.2 618.9 

Total veh~ 
Reg. 148.8 153.9 159.6 161.6 165.7 

Kin. 2376.3 2491.6 2460.9 2447.6 2502.5 

(a) in mi{~ior~s. 
(b) in thousand millions. 
(c) buses and trucks combined, 
(d) NiA = ~qot avai~able~ 

Table 3~. Traffic Fatalities. 
1979             1980             1981 

Total 5! ,083 51,077 49,268 

Passenger Car Occupants 27,788 27,433 26,545 

Truck Occupants 
Light Trucks 7,119 6,563 6,129 

Medium Trucks 254 285 235 

Heavy Trucks 1,087 976 896 

Motorcyclists 4,709 4,960 4,716 

Pedestdans 8,090 8,071 7,836 

Pedalcyc~ists 931 964 935 

Other & Unknown 1,105 1,825 1,976 

Tabte 4~. Fatality Rate. 

(Fatalities per 100 I~lillion Vehicle Kilometers) 

Year 1977 1978 1979 1980 1981 

Rate 2.03 2.02 2.08 2.10 1.97 
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Table 52. Passenger Vehicle Occupant Fatalities by Type of Occurrence. 

1979 1980 1981 

# % # % # % 
Frontal Crash 13,708 49.3 13,781 50.2 12,778 48.1 
Side Impact 7,924 28.5 7,681 28.0 7,302 27.5 
Top Intrusion 3,240 11.7 2,324 8.5 1,643 6.2 
Non-Collision 1,308 4.7 2,095 7.6 2,152 8.1 
Rear Impact 799 2.9 816 3.0 908 3.4 
Other 266 1.0 214 0.8 306 1.2 
Unknown 543 1.9 532 1.9 1,456 5.5 
Total 27,788 100.0 27,433 100.0 26,545 100.0 

Table 62. Passenger Car Occupant Fatalities in Two-Vehicle Accidents. 

Other Vehicle 1979 1980 1981 

Passenger Car 6,919 6,694 5,080 
Light Truck 2,862 2,680 2,049 
Medium Truck 326 473 318 
Heavy Truck 2,359 2,002 1,777 
Other & Unknown 514 501 491 
Total 12,980 12,350 9,715 

Table 72. Passenger Cars in Non-Occupant Fatal Accidents. 

Year 1979 1980 1981 

Number of Cars 5,937 5,916 6,112 

passenger cars and trucks. Of the 9,715 passenger car Table 8, derived from the first 2 years of operation of the 
occupants killed in two-vehicle accidents, 43 percent died National Accident Sampling System, indicates ft-,at non- 
in crashes with trucks. This ratio is about the same as it fatal injuries to passenger car occupants occur over 90 
has been for the past 2 years, but the total number of times as frequently as do fatalities. For serious injuries 
cases has dropped sharply down 21 percent from 1980 to the ratio is about four to one (in Table 8 the number of 
1981 compared to a 5 percent annual decline the previous each level of injury includes all higher levels). The eleven 
year. million uninjured occupants experienced an enormous 

Another interaction of interest is that between passen- amount of property damage (refs. I, 2, and 3). 
ger cars and nonoccupants. According to the figures in 

Table 7, this aspect of the environment has changed little, 

at least in total magnitude, over the past several years. SAFETY PROGRAM STATUS AND 
Although fatal accidents are much better documented PROGRESS 

in the United States than are lesser accidents, they by no 

means represent the total societal cost of traffic crashes. Accident Data Collection and Analysis 

The accident data cited above are derived from the 
Table 83. Involved and Injured Passenger Car Occupants. Fatal Accident Reporting System (FARS) and the Na- 

Annual Average tional Accident Sampling System (NASS). Both of these 

1979-80 major accident data collection systems are operated by 

Involved 13,979,000 Research and Development. 
Injured 2,574,000 The FARS is a computerized data base containing in- 
Seriously Injured 146,000 formation on all fatal motor vehicle accidents occurring 
Fatally Injured 27,623 

in the 50 States, the District of Columbia, and Puerto 
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Rico. The system became operational in 1975. The FARS devices in simulated crashes while restrained by either 

data are acquired directly from each State’s operational belts or air bag. A contractual effort for design and de- 

records, including police accident reports, driver license velopment of an advanced anthropomorphic test device 

records, motor vehicle registration files, State highway has been initiated. This project is intended to advance 

department records, and vital statistics (including data dummy design by incorporating the most recent frontal 

from medical examiners and coroners’ reports). The and side impact characteristics into a single test device. 

FARS file provides the most comprehensive, detailed, and Additionally, advanced instrumentation techniques will 

accurate data available on the U.S. national motor vehicle be pursued to increase the accuracy and reliability of the 

fatality tollo data output while reducing the complexity of the process. 

The NASS is a network of experienced, highly trained Verification of the performance of NHTSA’s proposed 

accident investigation teams that collect a representative pedestrian bumper standard continues. These tests will 

national sample of accidents and perform selected special not only provide confirmation of the injury mitigating 

studies. Data are compiled and evaluated from detailed potential of soft bumpers but provide a wealth of infor- 

accident site inspections, damaged vehicles, driver inter- mation to guide the development of potential injury coun- 

views, medical records, autopsy data, and other pertinent terrneasures in the vehicle areas of hood, hood-edge, cowl, 

State records. The NASS systeaa collects information in and windshield. 

significantly greater detail, both in numbers of variables As reported at the conference at Wolfsburg in 1980, 

and precision of observations, than existing records or two dummies for use in side impact protection are being 

systems. In particular, the NASS file includes information evaluated, one developed by the Highway Safety Research 

on all accidents: fatal, injury and property damage, in- Institute at the University of Michigan (HSRI) and the 

cluding light and heavy trucks, motorcycles, pedestrians, other by Association Peugeot-Renault (APR). The tom- 

and passenger cars. NASS and FARS are thus comple- plete evaluation as reported at the 1981 Stapp Conference 

mentary: FARS with limited detail on all fatal accidents, (ref. 4) indicates that either device will provide responses 

NASS with extensive detail on a sample of all accidents, that are very similar to cadaver responses. A decision to 

The analysis of such data improves the opportunity for use the HSRI version of the side impact dummy for all 

problem identification and evaluation. The detailed data NHTSA testing was made in February of 1982. This 

are particularly useful in support of countermeasure ac- decision was based primarily on the availability of the 

tivities both in the public and private sectors. The original HSRI dummy and the cost factors associated with the 

plan called for 75 sites throughout the United States when continued use of two devices. We will continue to monitor 

NASS is fully implemented. In 1982, 52 sites were op- dummy development and dummy evaluation projects 

erationa! as illustrated in Figure 1. such as those that are being pursued by CCMC, APR, 

Products from both FARS and NASS are available in SAE, and others relative to any reassessment of this de- 

the form of annual reports, special interest reports, access cision. The NHTSA encourages continued activities by 

to NHTSA data files, and selected annual computer tapes, all organizations to advance the state-of-the-art in an- 
thropomorphic test dummy design and appreciates the 
participation of the many institutes in these efforts. 

Crashworthiness Priorities Frontal Protection 

During the past year, NHTSA completed a major re- In the frontal crashworthiness area, more extensive 
view of safety priorities including those for passenger efforts are under way to assess the effects of vehicle crash 
vehicle crashworthiness. The results of this review have pulses on restrained and unrestrained occupants (ref. 5). 
been used to focus on activities which are expected to The focus in past years has been on passive protection: 
contribute most to reducing harm to vehicle occupants. Although this is still considered as a very important area, 

we have increased our emphasis on improved protection 

Biomechanics for the unrestrained occupants in many of our research 
projects. 

Biomechanics efforts have continued in many areas. The use of the instrumented crash barrier (load cell 

Besides continued and extensive impact trauma research, barrier) is playing an important role in this activity. Dy- 
severa! effo~ts have focused o~ the design, development, namic load deflection characteristics of frontal structures 
and evaluation of crash test dumrnies. The side impact have been collected on 14, 1980 vehicles; 12, 1981 vehicles; 
dummy program has progressed from pendulum and sled and 24, 1982 vehicles that were crashed into the barrier 
type tests to an evaluation o£ dummy performance in at 35 mph. Concurrently, we have been exploring the use 

actual car crash situations. The evaluation of the state- of deformable moving barriers in crash testing to provide 

of-the-art of current frontal impact dummies has pro- more comprehensive data relative to vehicle aggressive- 

gressed from subcomponent tests to an evaluation ofthese hess and crashworthiness (ref. 5)~ 
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The data from all tests conducted by NHTSA in recent All current side impact efforts emphasizing the thorax 

years are contained in a standardized format in our crash will be completed and a summary report published by 

test data base. Over 500 crash tests are in our files. These NHTSA during the coming year. New work involving 

computerized files and the standardized format are avail- subsystems tests and studies of other body regions is being 

able and may be obtained by contacting NHTSA. performed jointly with the automotive industry as part 

For some time we have been encouraging all labora- of an MVMA/NHTSA task force. Results from the first 

tories to standardize instrumel~.tation, signal processing, phase of this joint effort will be published at the Society 

and data forrnats so that ease in data exchange and review of Automotive Engineers meeting scheduled for Detroit 

is possible. To aid in this standardization, NHTSA has in February 1983. Efforts to extend this cooperative pro- 

developed electronic hardware for generating waveforms gram to non-U.S, manufacturers have been initiated, and 

to evaluate test site equipment and data processing meth- we welcome discussions concerning ways to participate 

odologies. These laboratories, under contract to NHTSA, in a joint program. 

will be required to exercise this equipment at their sites 
on a regular basis. We know that many organizations Occupant Protection 
represented here are also utilizing this equipment. It is 
available for others to use if requested. Work is continuing on occupant protection, particu- 

A study is; being completed to develop test procedures larly for smaller cars. Over the past 2 years the following 

and steering colurnn performance criteria which will more work has been initiated or completed. 

closely simulate the crash environment than those called A program has been initiated to develop and conduct 

for in the current standard. The protective capability of component tests for the purpose of obtaining occupant 

several representative production steering columns is and vehicle response on body region/vehicle interior im- 

being assessed. The various designs are being assigned pacts. A body form impactor capable of accelerating a 

pertbrmance ratings, and minor improvements to enhance wide range of body forms has been developed. The im- 

the steering assembly performance are being demon- pactor is designed to be used within the vehicle and can 

strated (ref. 6). be positioned to strike almost any surface within the 
vehicle. In addition, injury mitigation techniques are being 

Side Protection investigated for the most severe problem areas. 

A preprocessing program has been developed that sub- 
In our work to improve side impact protection, we stantially eases the burden of preparing the input data 

have concentrated on refining the full systems test pro- deck for the crash victim simulator (C¥S) program. A 

cedures to more nearly reflect ~:he accident environment, postprocessing program has also been integrated into a 

We have focused particular attention on the appropriate complete CVS processing system. This program allows 

weight and force characteristics of the movable barrier interactive selection of input data library elements to con- 

impactor and on defining the impact speed and config- struct the C¥S data deck and interactive selection of 

uration. The status of test series to evaluate these param- output variables to be displayed and plotted after each 

eters will be reported on in this conference (ref. 7). run is made (ref. 8). 

Efforts have also continued on the development of com- The Agency for some time has been studying methods 

plementary subsystem test procedures and devices. These to improve the comfort and convenience of belt systems 

approaches, if successful, couId provide manufacturers and thus encourage higher usage rates. A "comfort zone" 

with a tool to assess the side impact protection of their has been proposed which would define acceptable belt 

vehicles early in the design process. "fit" for the 5th-, 50th-, and 95th-percentile occupants 

The understanding of automobile side impact crash in the preferred driver seating positions. Since the angle 

phenomena is being sought through severa! levels of sim- and location of the shoulder belt on the occupant torso 

ulation and test, including car crashes with dummies, strongly influences the head and chest responses and the 

reconstructed and staged car crashes of actual accidents, occupant kinematics during the crash event, the belt fit 

development of more realistic side impact dummies with defined by the "comfort" zone should not degrade the 

deforming chests and shoulder girdles, sted tests with crash performance of the belt system. A study is in prog- 

dummies and cadavers, sled tests with dummy compo- ress to determine the relationship between shoulder belt 

nents and padding elements, sled tests with door pene- fit and crash performance of the restraint system. 

tration simulation, and computer modeling of side NHTSA has performed tests under the new car as- 

impacts. The emphasis of these studies has been on the sessment program to determine the crashworthiness of 

50th-percenfile male body size. We are now extending passenger cars in 35-mph barrier tests. In some cases the 

the computer simulation of side impact crashes to other vehicles possess the protective capability called for in 

body sizes, including a 6-year-old child, a 50th-percentile FMVSS 208, and in some cases they do not. A program 

female, a 50th-percentile male, and a 95th-percentile male is under way to identify areas of the seat belt assembly 

(ref. 8). and/or steering column and occupant compartment de- 
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sign which could be improved to provide 35-mph pro- will be evaluated in comparison with typical U.S. and 
tection. Minor modifications of several vehicles have been European beam patterns. 

made and 35-mph protection has been demonstrated (ref. In the brake system area, a program was undertaken 
.......... 9). to evaluate a prototype, electro-hydraulic motorcycle anti- 

............. Computer mathematical models have been developed lock brake system. Two other motorcycle projects in. 
which model the complex interactions and allow the study volved the development of a new test procedure for 

of many parameters affecting air bag deployment and FMVSS No. 122, Motorcycle Brake Systems. One focused 

restraint dynamics. These models have been used to pre- on the refinement of general test equipment; the other is 
dict the performance of air bag restraint systems in light- developing a new wet brake fade and recovery procedure. 
weight small cars with a subsequent dramatic reduction Two programs relating to passenger car stability were 
in the costs of system integration, completed. One involved the analysis of the effects of 

A series of tests using a 50th-percentile dummy and a mixing various tire types (radial, bias-belted, and bias), 
simulated crash environment are being conducted to eval- sizes, and makes, and produced a system to rate tire lateral 

uate different types of windshield materials. The objective performance. The other project involved scale model wind 
of the study is to determine impact resistance, penetration tunnel tests to analyze the effects of cross winds on car- 

........... resistance, and laceration effects of laminated and plastic- trailer combinations. Future research will investigate the 
......... coated windshields, differences in stability and braking characteristics of the 

new generation of small vehicles vis-a-vis the older full- 
size vehicles. Problem areas that will receive particular 
attention are the rollover propensity of small cars and 

Crash Avoidance their lateral spin-out characteristics under extreme brak- 
.......... ing conditions. 

The crash avoidance area has been receiving increased In the tire area we have begun a comprehensive effort 

attention at NHTSA. Recent programs have emphasized directed toward improving the quality and consistency of 
improving mirror systems, rear-lighting systems, driver the Uniform Tire Quality Grading treadwear test results. 

operated controls, headlighting, brake systems, vehicle Refinements will be made in the basic test protocol, data 
stability, and generally addressing the accident avoidance acquisition methods, and vehicle maintenance that will 
characteristics associated with the new generation of ve- significantly reduce the treadwear grade variability being 
hicles which are generally smaller, lighter, have different experienced under current test procedures. 

dynamics, different geometries, etc., from passenger cars In the heavy truck program area, NHTSA is con- 

of a decade ago. ducting a parametric analysis of the factors affecting 

Our work on rear-lighting systems has shown that pas- heavy truck stability, which will be concluded in late 198L 
senger car teat’end collisions can be reduced more than Work has begun on the development of an analytic 

50 percent by installing a single, high-mounted brake framework for crash avoidance research that will be used 
light. These lights provide the extra cues needed by fol- to help define future research priorities and projects. The 
lowing car drivers to detect the deceleration and position framework is patterned after one that was successfully 
of the car ahead. Ongoing research is examining ap- applied in the Agency’s Crashworthiness Program to es- 
preaches to reduce truck rear-end collisions. This pro- tablish program priorities by first estimating (for the 
gram is identifying means to increase heavy truck country as a whole) the amount of harm (injury and 
conspicuity using both reflectorization and signal lights death) associated with various vehicle components and 
that could be fleet tested to determine their real-world crash conditions and then the potential for preventing 
effect on accidents, that harm. In the crash avoidance area, estimates of ac- 

Past NHTSA research has shown that mirror system cident loss will be derived for the leading crash problem 
design can be improved to help drivers obtain needed types and the potential for preventing that loss by means 
information on the position and speed of vehicles ap, of vehicle system improvements will be evaluated within 
preaching from the rear. One vehicle class that could the framework. The framework consists of three main 
greatly benefit from upgraded mirror systems is vans. In elements: 1) crash data and system performance data 
a current NHTSA study, a fleet test is being conducted analysis, 2) computer simulation, and 3) man-in-the-loop 
to measure the real-world accident reduction benefits of research. 
mirror system improvements for vans. 

NHTSA’s headlight research is directed towards im- 
proving the light distribution pattern of low beams. A Heavy Duty" Vehicle Safety’ 
beam pattern has been identified which appears to have 
the potential for increasing visibility distance without sig- The goal of the heavy duty vehicle safety program is 
nificantly increasing the glare to oncoming drivers. Dur- to improve the accident avoidance capabilities and crash- 
ing the next phase of this study, this proposed low beam worthiness of vehicles with gross vehicle weight ratings 
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in excess of t0,003 pounds through improvements in ve- manual to educate drivers how to extract the max- 

hicle perforrnance and driver/w~hicle interaction, imum safety benefits from retarders. 

Truck arid bus safety on the highway is a matter of , Development of baseline truck driver anthropomet- 

increasing concern as the proportion of accidents and tic and seating preference data in cooperative effort 

fatalities involving such vehicles continues to climb to the with industry and labor, 

point where they could soon account t’or almost 20 percent 
of all highway fatalities, This is in light of the fact that 
all heavy trucks represent only 40 percent of all registered Driver and Pedestrian Safety 
vehicles in the United States. 

Research in the area of occupant protection focuses on Alcohol Safety 
three areas: seat belts to keep occupants in their seats 
during crashes, improved structural integrity of the cab The goal of the alcohol safety program is to develop 

to provide the occupant a survival space, and means to procedures/countermeasures that effectively reduce al, 

minimize occupant contact with cab interior appurte- cobol-impaired driving and related accidents. The alco- 

nances, especially the steering wheel, hal/highway safety problem is of major importance. Each 

Crash avoidance research concentrates mainly on im- year approximately 60 percent of the fatal crashes involve 

proving the dynamic performance of heavy vehicles, a driver who has been drinking, and between 45 and 55 

A core level brake research program continues to de- percent of such crashes involve a driver with a blood 

velop the necessary technical basis for improving the alcohol concentration above the legal limit (0. !0 percent 

satiety performance of both air- and hydraulically braked w/v). 

vehicles, i.e., improved stopping performance without Alcohol safety is focused on the following four areas: 

compromising directional stability. The primary focus at ¯ General Deterrence-Development of combined en- 
present is directed at compatibility of braking systems forcement, public information, adjudication, ticens- 
used on vehicle combinations and ways to improve the ing programs designed to increase public perception 
adjustment of air brakes, 

of DWI detection risk. 
The existing heavy vehicle dynamics models will con- ¯ Specific Deterrence--Development of programs di- 

tinue to be exercised to test the ~sensitivity of component/ rected at the identified/convicted drunk driver and 
vehicle performance characteristics on overall vehicle designed to prevent future DWlo 
safety. An attempt will be made to identify the probable o Prevention--Development of education, public in- 
"response curve" for individual ~omponents and to define formation, and local community training programs 
the bounds and range of safe vehicle performance. In designed to instill responsible attitudes towards 
addition, the models wilt be utilized to develop prospective 

drinking and driving and promote cooperative action 
views of the likely changes in heavy truck safety per- 

for avoiding DWI. 
formance which might result from new truck size and ° Intervention--Development of programs designed to 
weight limits, identify techniques that will enable and motivate in- 

The heavy truck industry study initially is attempting termediaries, or third parties (e.g., bartenders, hosts/ 
to characterize the truck and :trailer manufacturing in- hostesses, drinking companions) to take action in a 
dustry and users of heavy vehicles, in particular, how this drinking situation that will deter potential DWI in- 
industry responds to change and how changes in vehicles cidents. 
and ot~rating procedures come about. The next phase of 
this study will attempt to identify maintenance and op- 
erational pr~edures which improve truck safety. 

Safety Belt Usage 

Cu~ent research is nearing completion in the following Work in the safety belt usage area is directed to develop 
areas: and evaluate effective approaches and materials to in- 

, Evaluation of truck splash and spray suppression crease acceptance and usage of safety belts and child safety 

devices for improving the visibility for all vehicles seats. Some of this research is aimed to improve the 

traveling on wet roadways, acceptability of belts in terms of comfort and convenience. 

¯ Assessrnent of vehicle dece].eration technique, mobile In addition, levels of safety belt usage in traffic are being 

traction dynamometer, and in-door flat roadway surveyed nationally--and, in special cases, locally-on a 

tests to produce repeatable track tire traction meas- continuing basis as part of evaluative efforts of the Agen- 

urements, cy’s overall protective system usage program. 

° Evaluation of the performance characteristics and The need for major programs to encourage safety re- 

in-service costs of retarders for heavy vehicles. Work straint usage is obvious if present usage rates are consid- 

ongoing to quantify the controllability characteristics ered. Safety belt usage nationally has been averaging about 

of retarder-equipped vehicles on snow and in other 11 percent for drivers and about 7 percent for adult pas- 

slippery road conditions and to develop a driver’s sengers. Usage for younger passengers is around 5 percent 
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with no more than 15 percent of small children (ages 1 health problem, and enhanced safety technology is of high 
to 4) and 30 percent of infants properly protected in child priority in this Administration. However, after consid- 

safety seats, eration of all the facts and the year-long extensive public 
........ NHTSA initiated a major program late in 1981 to debate, the Administrator became convinced that, if im- 

encourage greater usage of protective systems in auto- plemented, the automatic restraint requirements would 
mobiles through public media efforts and, more impor- not have significantly improved public safety. 
tantly, through the support of a number of potentially On the other hand, automatic belts for those who want 
influential networks in the private sector, them are and have been available on selected models for 

Research to support these programs has been designed years. At the same time, the manual belts that are pres- 
.............. to develop and assess the approaches and materials that ently in virtually every car and truck could begin to save 

are most cost effective in motivating members of these thousands of lives today, if people would only use them. 
many networks to promote the use of safety belts and Unfortunately, safety belt use in the United States has 
child safety seats, dropped to the level that only about one driver in ten 

wears a safety belt. In light of this statistic, we have 

REGULATORY REFORM initiated a major national effort to encourage increased 
......... voluntary use of safety belts. President Reagan’s recent 

................. Many of the U.S. Federal Motor Vehicle Safety Stand- announcement of this effort emphasizes the strength of 

ards date back to the 1960’s or before. There have been our commitment. This program can, in the near future, 

many technological improvements in motor vehicles since increase the safety of all motorists, not just that of new 

that time, and our understanding of how highway losses car purchasers. We are encouraged by the substantial 

occur has improved substantially. Other standards were support this program has received so far and by its po- 

............. promulgated more recently, but with less than optimal tential to improve safety. 

solutions to the problems they were addressing. Finally, Other applications of new safety-related technology 
which the Agency has encouraged through testing and changing conditions and technologies have made some 

Federal requirements inappropriate today, research programs and through revision of existing stand- 
ards include the use of halogen headlamps and the study The motor vehicle and equipment industries are more 

sophisticated about safety issues today than at the time of effectiveness of center, high-mounted stoplamps. 

......... of the passage of the Nationa! Traffic and Motor Vehicle We believe that such activity is in keeping with our 

Safety Act in 1966, and many requirements of Federal responsibility to promote technological approaches to mo- 

regulation have simply been adopted as standard designed tor vehicle safety in addition to our other activities. The 

practice in the industry. Furthermore, the industry is combination of these efforts to encourage new technol- 

developing and adopting new safety designs independent ogies while stimulating use of safety belts should provide 

of Federal requirements, substantial safety benefits to the public now and in the 
future. Some reforms of our motor vehicle standards were 

stimulated by petitions from the industry. Where rec- 
ommended practices of private standards organizations INTERNATIONAL HARMONIZATION 
have been referenced in Federal standards, the voluntary 
standards have often been updated without similar change The present Administration is committed to fostering 

in the regulation. We are, therefore, where appropriate, 
international harmonization of motor vehicle safety stand° 

updating these references, ards. This policy is, of course, tempered by legaI and 

The major specific actions toward regulatory reform procedural requirements that the Agency must follow, 

that we have taken thus far include: 
and by concern that motor vehicle safety in the United 
States not be compromised. 

¯ Rescission of the automatic crash protection require- Harmonization refers to the degree to which the stand- 
ments of FMVSS 208. ards of different countries are similar. This is judged by 

¯ Rescission of the forward visibility requirements of the practical extent to which manufacturers can build the 
FMVSS 128. same or similar vehicles in conformance with Government 

¯ Rescission of the speedometer and odometer require- requirements for different national markets. There are at 
ments of FMVSS 127. . least four levels at which motor vehicle safety standards 

¯ Reduction in the requirements of the bumper stand- can be harmonized: 
ard from 5 mph, no damage, to 2~ mph allowing 

1. The standards of different countries can be made 
damage to the bumper system itself, compatible to ensure that cars can be built in como 

The first and most controversial of these actions, re- pliance with all of them without altering design or 

cission of the automatic crash protection requirements, construction. 

was a particularly difficult one, because motor vehicle 2. The same test procedures can be used by various 

fatalities and serious injuries continue to be a major public nations to reduce the cost of testing for compliance. 

23 



EXPERIMENTAL SAFETY VEHICLES 

3. In addition to having the same test procedures, the tion (FHWA). 1981 estimates of licensed drivers and 

levels of performance and specifications required in vehicle registrations are from Selected Highway Sta- 

the standards of various countries can be made corn- tistics and Charts 1980, FHWA. The 1981 estimate of 

patible or the same. total vehicle kilometers traveled is from an unpub- 

4. The means of determining compliance, whether by lished communication from FHWA staff to NHTSA 

homologation, manufacturer self-certification, or staff. 

other means, could be made the same in different 2. Fatal Accident Reporting System (FARS) published 

countries, annually by the National Highway Traffic Safety 

Administration (NHTSA). FARS 1981 is in press. 
The United States is currently in a good position to 3. Report on Traffic Accidents and Injuries for 1979-1980, 

consider harmonization of its standards. We are presently 
The National Accident Sampling System (NASS), 

reconsidering a number of requirements in our regulatory 
NHTSA, February 1982. 

reform program, Thus, we have the opportunity to give 4. R. M. Morgan, J. H. Marcus, R. H. Eppinger, "Cot- 
harmonization a high priority as a part of this reform. relation of Side Impact Dummy/Cadaver Tests," Pro- 
Furthermore, the Agency is considering a number of new ceedings of the 25th Stapp Car Crash Conference, 
standards in areas such as side impact protection, pedes- 

SAE, Warrendale, PA. 811008. 
tfian protection, truck rear underride protection, center 

5. C. Ragland, NHTSA Frontal Structure Research, An 
high-mounted stoplamps, and headlighting. As with the Overview, NHTSA Technical Paper Seminar No. 1, 
vehicle identification number standard, serious consid- 

9th ESV Conference, November 1982. 
eration will be given to development of harmonized re- 6. J. Morris, NHTSA Research on Occupant Protection 
quiremems for these new standards. Currently, we have from Impact with the Steering Assembly, NHTSA 
active harmonization efforts on the hydraulic brake stand- 

Technical Paper, Results of ESV/RSV Development, 
ard, the lighting standard, and ~he control location and 

9th ESV Conference, November 1982. 
identification standard. 

7. W. Hollowell, Status of NHTSA Side Impact Research, 
While the crash avoidance ar~alytic framework is ob- 

NHTSA Technical Paper, Seminar No. 3o 9th ESV 
viously less precise than that used for crashworthiness, it 

Conference, November 1982. 
does provide a reasonable basis for establishing project 

8. Development of a User Convenience Package for the 
priorities. 

CAL-3D CVS Program, Volume I and II, DOT-HS- 

806-122. 

9. J. Hackney, The New Car Assessment Program~Status 

1. Data for 1977-1980 are from Highway Statistics, pub- and Effect, NHTSA Technical Paper, Seminar No. 5, 

lished annually by the Federal Highway Administra- 9th ESV Conference, November 1982. 

24 



SECTION 2: GOVERNMENT STATUS REPORTS 

European Experimental Vehicles Committee 
Status Report 

PROF. DR. BERND FRIEDEL of the EEVC. The program took four years and among 

Chairman, European Experimental the most interesting activities let me mention the devel- 

Vehicles Committee 
opment and the evaluation of several test dummies for 
side impacts. The program is nearly finished and the work 

After we came together in Europe last time, I am much done is today under examination in order to assess the 

pleased with the opportunity to be able to present to you reliability and the applicability. The results of the whole 

the Status Report of the European Experimental Vehicles program will be available next spring, but the results of 

Committee in Japan this time. The fact that government some individual projects will be presented in the course 

representatives and engineers from many countries meet of this Conference, as was done on the’ occasion of pre- 

in Kyoto in the attempt to search for solutions together ceding ESV Conferences. Comprehensive biomechanical 

cannot be taken for granted, in particular not in these investigations, carried out within the frame of a Joint 

times of uncertain economic developments. Biomechanical Research Project with the collaboration 

To exchange the knowledge acquired and discuss the of the car industry, have additionally been successfully 

progress made in the intervening two years in the area completed in Europe. Time has come to take stock; the 
! 

of improving the safety and economy of our motor re- new biomechanical knowledge acquired must be screened 

hicles will once again be a useful experience for all of us. and compared. Tasks for the future will have to be defined 

In the time that passed since the last ESV Conference to facilitate adjusting technical developments to the needs 

took place, we noticed that the U.S. Government began of the human being. 

to reconsider the terms of reference or some of the oh, The proportion of small cars is on the increase in highly 

jectives of the development of future cars. Let me recall motorized countries; already at the last ESV Conference, 

in this connection the "bumper standard" or automatic the Americans pointed to the difficulties possibly arising 

restraint systems. It is quite certain that the ideas devel- in this connection. This question once again exemplifies 

oped in the U.S.A. will affect automotive engineering and the fact that it is the human being who provides the 

car manufacturing in Japan and Europe as well. There- standard to go by in measuring the effects of technical 

fore, we should take the opportunity of this Conference progress and economic restraints; all efforts will have to 

to carefully consider and examine old and new standards, be made to guarantee adequate occupant protection. Let 

and particularly also the effects to be expected thereof, me, at this point, mention the final reports presented by 

The considerations in Europe with respect to occupant the following two working groups: 

protection are based on the compulsory use of the seat 

belt--an issue on which general agreement has been --Working Group 6: "Structures" had reviewed the 

reached. We will have to take care that, under the pressure available accident data in Europe concerning side 

of other urgent problems, the safety of our cars does not impacts involving passenger cars. Furthermore a de- 

lose in importance in the public mind, in the consciousness scription of existing deformable barriers and a corn- 

of automotive engineers or administration, parison is given. Based on these two kinds of 

There is no question that balancing the diverse interests information the working group proposes a first side 

on a national level is quite a difficult task; and the dif- impact standard test for possible future regulations: 

ficulties to be overcome in the harmonization of standards Within the proposal a mobile barrier with a deform- 

and objectives of several nations are greater still. As you able front face and a procedure based on biome- 

know, the European Economic Commission (EEC) in chanical criteria are described in detail. This barrier 

Brussels and the Economic Commission for Europe is to some extent a synthesis of the elements defined 

(ECE) in Geneva, among other things, are dealing with by Italy, CCMC, United Kingdom, France and 

these very problems. But it is up to all of us, above all U.S.A. This important new work of EEVC was done 

in the interest of free trade relations all over the world, under the chairmanship of Mr. G. Pocci from Italy 

to see to it that these efforts are successful. In our opinion, and it is based on the contribution of Sweden, France, 
the right course of proceeding in this matter would be Italy, United Kingdom, The Netherlands and Fed- 

considering the problems from the interpretation of re- eral Republic of Germany. The report is available 

search findings to the planning of large projects as tasks during this Conference and the work will be pre- 

that should be dealt with by cooperative effort, sented in detail in seminar No. 3. 

As you all know, the Biomechanics Program drawn up --After the last ESV Conference another working 

by the EEC was done so with the advice and assistance group, No. 7, under the chairmanship of Mr. J. Mo- 
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reau de Saint-Martin from France was established, cause of the combined effects to car structure. The work 
TNs group was devoted to pedestrian injury acci- of this compatibility problem must be enlarged in order 
dents. As it was done in the just mentioned working to include the safety aspects of all road users; this is also 
group the available accident data concerning injuries true for two wheelers. 
to pedestrians of different ages involved in road ac- A new EEVC working group was therefore established 
cidents in Europe were reviewed. The current knowl- for a more detailed study of the questions arising in ac- 
edge in injury mechanisms and human tolerances, cidents of bicycles and lower powered two wheels. About 
appropriate means of improvement of vehicle design this new group and other concrete future activities of 
as welt as test and assessment methods were consid- EEVC it will be reported at the panel discussion of this 
ered and discussed. This group set up a list of prior- Conference in more detail. 
ities for future action and of recommendations for Let me conclude my remarks by expressing the hope 
further research. All this important work was that, as was already experienced at past conferences, our 
achieved by contribution of different European gov- joint efforts eventually will bring us all closer to being 
emments and advisers such as from Sweden, France, able to solve the questions needing to be settled. We 
Federal Republic of Germany, United Kingdom and welcome the willingness of the NHTSA’s new adminis- 
The Netherlands. The resutts wil! be also presented tration for improving the cooperation with Europe and 
du6ng this Conference in detail in seminar No. 4. we offer our good will to take our part of this important 
The report is available, task. I am sure that all of us will do our best at this 

The measures to irnprove pedestrian safety as well as Conference to ensure a successful outcome. Thank you. 
side impact protection must be considered together be- 

Federal Republic of Germany Status Report 

PROF. DR. HEINRICH PRAXENTHALER 
President, Federal Highway Research 

The accident situation in the Federal Republic of Ger- 
Institute many during the period 1970 to 1981 is characterized by 

--an increase in the total number of accidents by about 
The improvement of the safety of motor vehicles, the 

conservation of energy and raw materials, and the alle- 20%, 
--a slight decrease in the number of accidents with 

viation of nuisances to the environment are now as ever 
the decisive demands of social and economic policy to be 

personal injury by about 4%, 
ma strong decrease in the number of fatal accidents 

made to motor vehicles in our country. Already at the 
last ESV Conference we had made it clear that we see a 

by about 40%. 

real chance of meeting these demands, and although there 
are conflicts of objectives that they seem to be better This development obtains particular weight in view of 
solvable thaxn had been originally assumed, the total mileage which increased during the same period 

If the number of people killed ~n our roads has strongly by about 60%. 
decreased, if markedly less fuel is being consumed, and Likewise clearly declining--namely by about 25%--is 
if progress is also being made in the field of environment the number of people who are being killed as occupants 
protection, changes and further developments in auto- of passenger cars. Related to 1,000 million vehicle-kilo- 
mobile constr"action have undeniably contributed to all ~netres, it diminished from 45 to less than 20 since 1970. 
these improvements. Not all possibilities seem to be ex- We are convinced that the safety belt has a very large 
hausted yet, however, that can be realized at reasonable share in this development, and we attach now as before 
expense. It is necessary to preserve this positive trend and great importance to it. Unfortunately, the use of the safety 
to promote it in clo~ co-operation with the motor vehicle belt has since 1978 been stagnant at a level of about 80% 
industry. We see the benefit of and the justification for on motorways, of somewhat over 65% on roads outside 
this Conference in the chance of being able, in our en- built-up areas and of just under 50% within built-up areas. 
deavours for an achievement of these objectives, to hold Propaganda for the use of the safety belt has once again 
exchanges of opinion and experience with other countries, been greatly intensified this year. 
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It has not been decided yet whether and to what extent environment could be achieved. Part of the results of the 
those who ignore the obligation in force to wear safety project will be reported on later at this Conference. 

belts should be penalized in the future. With effect from February 1, 1980, additional high- 

Soon it may also be made compulsory to use seat belts mounted stop lights for passenger cars are permitted in 
on the rear seats, the Federal Republic of Germany. In March, !982, 4% 

No special requirements are at present in force in the of the vehicles were equipped with those lights. What 
Federal Republic of Germany concerning the admission effects the highmounted stop lights fitted inside the ve- 
of restraint systems for the protection of children. It is hicle will have are being investigated by a study which 
intended, however, to put the relevant ECE Regulation relates chiefly on the following questions: Recognizability 

............ into effect soon. of different types of signal display, limits of the luminous 
.............. If drivers of low-powered motorcycles will also have intensity, the danger of getting used to the signal display 

to wear crash helmets is to be decided in the course of and of overexposure to stimuli, impairment of the con- 

this year still. Their protective effect is indisputable, the ditions of vision inside the vehicle, especially due to re- 

doubts about the introduction of mandatory wearing are flection, as well as any possible risk of injury. It is intended 

related with aspects of acceptance and enforcement, to observe accidents over a longer period of time, with 

Important modifications to the Road Traffic Regula’ the possible compensation of the positive effects by the 
tions of the Federal Republic of Germany have taken risks due to smaller headways between vehicles being 
place since the last ESV Conference. They provide above taken into consideration. The results of the study will 

all increased protection for the weaker road users, So presumably be made available during the first half of 1983. 
drivers must reduce their speed and must be ready to 
brake in places where children, old people, and people in IV. 
need of help are or might be. They are required to drive 

............. with utter care, and they can normally no longer plead In the field of accident research, activities have hitherto 
that they observed the speed limit, been undertaken by the Federal Government, motor ve- 

It was furthermore established that children under eight hicle industry, and motor vehicle insurers. One of the 
must use the pavement where there is one when cycling, main fields of research is the further improvement of 
unless there is a cycle track, the protection of the occupants and especially also of the 

For residential neighbourhoods which fulfill certain protection of the "outside traffic partners"--pedestrians 
......... conditions the possibility was introduced in the Road and drivers of two-wheeled vehicles-on the basis of a 

Traffic Regulations of imposing traffic restraints in cer- detailed accident analysis. The essential thing here is to 
tain areas. There vehicles must drive at walking speed develop structures for the front and the sides of passenger 
and pedestrians may use the street in its whole width, cars where deformations will be optimized, especially also 

with regard to the "outside traffic partners." For this 

III. purpose crash tests are being made where representative 
types of collision are simulated. 

The project of a "research passenger car," which was In the research into the causes of accidents, the HUK- 

promoted by the Federal Government, was already re- Verband* has concluded a series of studies during the 

ported upon at the last ESV Conference. A short time years 1981 and 1982, among which is also an analysis of 

ago, this project which extended over a period of four 1,500 collisions between lorries on the one hand and pas- 

years was concluded. The objective of the project was to senger cars, two-wheeled vehicles, and pedestrians on the 

find trend-setting technical solutions which fulfill the con- other. From this analysis indications on the order of prior- 

flicting demands for the conservation of energy and re- ity of safety measures concerning lorries were obtained; 

sources, the improvement of safety and environmental basic requirements to be met by a front guard of a lorry 

protection, while at the same time taking account of the were demonstrated in crash tests. 

utility and the economy of the motor car. AUDI-NSU, The still largely unknown characteristic of single-re, 

DAIMLER-BENZ, VOLKSWAGEN, and a working hicle accidents of passenger cars--this accident category 

group of several universities developed four prototypes, accounts for about one third of atl occupants of passenger 

The project led to very different and technically inter- cars kilted--gave reason for a study by the HUK-Verband 

esting solutions, some of which will certainly be made of 3,000 single-vehicle accidents. This study was to some 

use of in possible future series production. Impulses were extent promoted by the Federal Government. The most 

above all given for aerodynamic design, for engine~gearZ significant type of collision with regard to frequency and 

box units which ensure low fuel consumption and for accident consequences has been the lateral collision with 

their electronic control, for material substitution, and for a tree in the area of the passenger compartment, in ac- 

enhancing the safety of the occupants and among "traffic cordance with the pole test. In almost one third of single- 

partners" generally. At the same time a reduction of fuel 
consumption and a diminution of the nuisance to the ° Germa~ motor vehicle insurers 
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vehicle accidents the passenger car overturned; in 17% motor vehicle industry. Here not least possibilities of how 

of the investigated cases the main damage to the car was to utilize vocal information systems in the motor vehicle 

caused by this overturning, for road safety are of interest as well as, among other 

A comparison of the studies carried out by the NHTSA things, also the question in how far the already heavily 

and the HUK-Verband of injuries to the cervical vertebral employed channels of visual and auditive perception can 

column showed largely the same results with regard to possibly be relieved by means of haptic information. 

the type of injury and above all the enormous decrease The wide range of activities of the motor vehicle in, 

in the number of serious injuries due to the wearing of dustry in our country will find expression at this Con, 

the safety bett. Generally, investigations by the HUK- ference in a series of contributions. 
Verband on the basis of new material on accidents have 
confirmed the high protective effect of the safety belt in V. 
the case of head-on collisions a~.d overturnings, but like- 
wise for the passenger not sitting on the side of the impact The intended objectives of the Federal Government for 

in the case of lateral collisions, the abatement of traffic noise were already mentioned at 

Accident research by the Government was concen- the last ESV Conference; they are also valid for the future. 

trated since the last ESV Conference on the continuation The Federal Government endeavours to take administra- 

of our current tasks. The investigations at the scene of tire measures which would make it possible for low-noise 

the accident carried out in Berlin and Hannover since vehicles to increase their share in road traffic, notwith- 
1973 were continued; since 1980 accidents involving two, standing their higher purchase price. Here we may, for 
wheeled power-driven vehicles are increasingly being re- example, think of objects of demonstration in health re, 
corded. The investigation of the kinetics of impact as well sorts which only low-noise motor vehicles are allowed to 

as of the injury patterns resulted in the demand to extend enter. 

the mandatory wearing of crash helmets to all power- In 1981, several manufacturers of lorries presented futly 

driven two-wheeled vehicles. If the realization of this encapsulated low-noise lorries, which to some extent were 

demand will be possible politically cannot yet be decided promoted by the Federal Government and were developed 

at present, more or less close to series production. A fleet test is 
Research results furthermore suggest to oblige drivers being made at present with 50 prototypes with the Federal 

of two-wheeled power-driven vehicles to switch on their Postal Administration. With the prototypes of the project 

dipped headlight by day. "Forschungs-PKW" sponsored by the Federal Govern- 

To clarify’ biomechanical problems for the evaluation ment, two technical possibilities of solution could be 

of the safety of passenger cars, seven institutions partic- shown, which make it possible to achieve noise emissions 

ipated in a European joint biomechanical project, which of less than 73 dB(A). 
was also financed from funds of the European Commu, The attitude of the Federal Government has not 

nities. Sixteen selected accidents were reconstructed in 87 changed either as regards the limit values for the emission 

dummy tests and 46 cadaver tests. A final report has of harmful substances by motor vehicles. It considers 

already been submitted. Changed limit values have been lower limit values necessary. The repeated reduction of 

proposed for a couple of protection criteria which are limit values has clearly diminished the emission per ve- 
used in vehicle tests. The dummies, especially those for hicle; the situation concerning emissions, however, pre- 

the lateral impact and for accidents with pedestrians, will sents a different picture, among other things also because 
have to be further developed, the vehicle population has increased at the same tirne. 

For the further deve!opment of regulations also cost- Although with CO concentrations a markedly diminish- 

benefit estimates for front and lateral installations on ing tendency can be recognized, the level is still about 
lorries were carried out, which are intended to prevent that of 1970. With hydrocarbons and especially with ni, 
moped riders, cyclists, and pedestrians being run over. It trogen oxides on the other hand the tendency is continuing 
appears that here the protection on the kerbside of the to rise. Since lead-free fuel is not available in Europe, a 
vehicle is the most important one. further marked reduction of harmful substances in the 

Proposals for simplified test procedures have been de- exhaust gas of motor vehicles is much :more difficult tech- 
veloped for the dynamics of passenger cars with caravans, nically than in the United States and Japan. Thus a focal 

Further investigations were rnade with regard to the point of research is also in the future development and 

problems of brake systems and relevant test procedures, operational testing of catalysts which retain their effec- 

The driver.-vehicle behaviour in critical situations had tiveness also when using lead-containing petrol. 

been the subject of a project group in 1979. We consider In view of the protracted harmonization processes in 

such research as necessary’ as ever. For cost reasons these the further development of international provisions the 
projects had to be largely postponed, however. Federal Government endeavours to gradually achieve-- 

Further research concerning information processing by through voluntary agreements with the German motor 
the driver is at present being planned together with the vehicle industry and motor vehicle importers~improve- 
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ments in the situation concerning emissions. In July, 1981, having been introduced. The reason for this is above all 
the German motor vehicle industry promised the Federal that vehicles have become more economic, that they have 
Government to introduce the next phase of the reduction to some extent been equipped with devices which make 
of limit values for harmful substances step by step already it easier for the motorist to drive more economically, but 
before the relevant ECE Regulation enters into force of- also the fact that motorists have adopted a more sensible 
ficially, driving style. According to our information, the mileage 

has decreased in 1981, too, namely by about 3%. 

VI. The German Shell AG in their latest forecast start out 
from the assumption that in private transport the amount 

............. As far as the reduction of fuel consumption is con- of fuel consumption of 1980 will not be attained any more 
cerned, the motor vehicle industry has declared that they this century. 
started out from the assumption that the reduction of the 
consumption by 10-12% as compared with 1978 envis- 
aged for 1985 can in all probability be realized earlier. 

VII. 
They declared moreover that they will make efforts to 
try to achieve a reduction of the consumption beyond Today motor vehicles are sold worldwide by many 
what they promised, manufacturers. Therefore, we demand again also within 

The average fuel consumption of the passenger cars the framework of this Conference to try with intensified 
supplied by German car manufacturers and sold in the efforts to achieve a harmonization of provisions. Co-op- 
Federal Republic decreased in 1981 by about 6% as com- eration in research and exchange of the latest results are 
pared with 1980. Compared with 1978, the decrease was steps on the path towards this harmonization, and this 
about 11%. The figures for driving in town as well as for Conference is a new chance to achieve it. As far as the 
driving at a constant speed of 90 km/h and of 120 km/ intervals between these worldwide exchanges are con- 
h were weighted with one third each, in accordance with cerned, it would in our view be best to convene the next 
the measuring technique customary in Europe. The av- ESV Conference not before 1985 or 1986, for research in 
erage figures for 1981 were as follows: our opinion requires and is more and more performed 

---driving in town 10,4 litres/100 km 
over longer periods of time. Another point is that ques- 

--driving at a constant speed tions of the further development of the motor vehicle are 

of 90 km/h 6,6 litres/100 km 
also dealt with at various other conferences. 

--driving at a constant speed With our proposal we want to enhance the efficiency 

of 120 km/h 8,9 litres/100 km 
of the ESV Conferences and to counteract a lack of sub- 
stance due to too short intervals between the conferences. 

The yearly change in the national fleet of passenger We do by no means question the previous endeavours in 
and estate cars was + 5,7%, + 2,4%, and + 1,6% for this field; we think that we can prove this by our enthu- 
the years 1979, 1980, and 1981 respectively, while the siasm during the past years, which is based on the con- 
corresponding figures for fuel consumption during these viction that the ESV Conferences have to a higher degree 
years were + 1,3%, + 1,8%, and -- 6,1% respectively, influenced automobile technology and increased road 
This divergence gives our country a prominent place in safety for the benefit of society than is noticeable from 
an international comparison, without legal provisions outside. 
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United Kingdom Status Report 

J. W. FURNESS Pedestrian Protection 

Chief Mechanical Engineer The relative safety of UK roads only helps to contrast 
Department of Transpo  the problem of pedestrian casualties. In this area we look 

United Kingdom forward to better definition of what can be considered as 
good vehicle design, and a joint UK government/industry 

It is an honour for me to present the United Kingdom study is in hand. It is being suggested that mathematical 

Status Report at this, the Ninth ESV Conference. Over modelling of the pedestrian impact is worthwhile and in 

the years we have witnessed remarkable progress in the fact could be considered for part of the verification process 

development of safer vehicles, and these ESV Conferences required by any legislation that may be evolved. 

have been a major instrument for the achievement of this 
progress. Biomechanics and Dummy Development 

In the UK we consider that the improvement in vehicle 
safety has been a significant factor in our ability to reduce 

Although there is no UK contribution to the conference 

road casualties, or at least hold them steady for the last 
on this subject, we have been active in cooperation with 

20 years, in spite of a rapidly rising vehicle population, 
our European colleagues in this important area. There is 

Our most recent figures show that there were 5,846 deaths 
a feeling in the UK that the current lack of suitable 

on public roads in Great Britain in 1981--three percent 
dummies is a serious drawback to the use of ’whole ve- 

fewer than in t980, whilst the namber of serious injuries 
hicle’ (integrated) systems testing for legislative purposes. 

at 78,�~3 was one percent less than in 1980. However, 
It is hoped that the present EEC sponsored programme 

this fall in casualties occurred mainly in the first half of 
will be successfully completed and quickly carried 

1981. Casualties in the second half of the year were higher 
through to the introduction of an internationally accept- 

than in the second half of 1980, suggesting that the down- 
able side impact dummy with associated tolerance criteria. 

ward trend that began near the end of 1978 has come to 
an end. 

Side impact Protection 

Whilst in terms of road deaths, both per 100,000 pop- The pattern of accidents in the UK may not show that 
utation or per 1¢~3 million car kilometres, our roads are great emphasis should be placed on the problem of side 
amongst the safest in the world, anything that signals an impact protection, but we are acutely aware of the con- 
increase in the toll of death and serious injury must con- 
cern us. We may be witnessing something of a watershed 

tinuing lack of any form of minimum standard of pro- 
tection applied legally. As far back as the 5th ESV 

as the UK’s programme of rnajor new road building slows Conference in 1974 cars such as the BL Marina Safety 
down and vehicle manufacturers come under pressure to Research Vehicle demonstrated the techniques to provide 
reduce vehicle weight in the interests of fuel economy. 

This situation is spurring us on to renew efforts in 
protection and our continuing work shows how important 

many road safety areas, some of which will be reported 
are interior padding and strength and shape of the vehicle 
structure. As a matter of urgency the UK is considering 

on during this conference. I will not ’steal the thunder’ 
from the presenters of the UK papers, but some of the 

ways in which protection provision can be measured in 

a way suitable for incorporation into domestic require- 
work deserves special mention, merits for side impact performance. 

Frontal Crash Protection Accident Data 

The trend towards more and more lightweight struc- The UK programme of crash injury accident studies 

tures is involving both the UK manufacturers and the is being reorganised during 1982 with two similar studies 

TRRL in seeking out what may be possible in using being carried out at the Universities of Birmingham and 

advanced materials and changed seat belt performance. Loughborough with a strict methodology to get repre- 

We do not believe current vehicle safety legislation will sentative samples of accidents in which those not injured 

be adequate to encourage further development in this field as well as the injured are recorded for the purpose of 

and sadty, it is anticipated that both current requirements estimating the probabilities of various injuries as functions 

and the proposed ’Integrated Test’ will only allow vehicle of impact severity. Separate studies are being arranged to 

safety to backslide towards the legal minima in force, investigate head injuries with crash helmets, and articu- 

Thus this is a subject that wilt receive our close attention lated -vehicle underrun bumper and sideguard perform- 

in the coming years, ance among other problems. 
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Auto Safety Ratings are also continuing to encourage the fitment of anti-lock 

As I have mentioned earlier, there is a risk that current brakes by exempting vehicles thus fitted from the stability 

legislative requirements for crash protection may not be requirements that would usually mean the fitting of load 

adequate to ensure a continuing improvement in car sensing equipment. Todatesome 14,000sets of equipment 

have been fitted to heavy goods vehicles in the UK, and crashworthiness. The concept of introducing some sort 

of rating scheme to encourage competition amongst man- this number is increasing rapidly. A recent study of the 

ufacturers is attractive, and a TRRL paper will be pre- braking grip available from commercial vehicle tyres has 

sented at this Conference outlining how this might be shown that the locked wheel values are well below peak 

achieved, values at higher speeds on dry as well as wet surfaces, 

and serves to emphasise the desirability of anti-lock equip- 

Accident Avoidance ment on these types of vehicles. 

Primary safety the ability to avoid accidents has al- 

ways been considered as of utmost importance in the UK. 
Compulsory Seat Belt Wearing 

There can be no better way of protecting road users than I am pleased to report that, as from January 31, 1983, 
to avoid accidents in the first place. However, human the wearing of seat belts by the front seat occupants of 
error is continually with us, and there is a possibility that most cars and light commercial vehicles will be a legal 
road users find a particular level of risk acceptable and requirement in the UK. This brings us in to line with 
thus absorb much of the benefit of enhanced primary most of the Continent of Europe, and 3[ believe this to be 
safety by driving faster, one of the best measures in road safety legislation with 

the potential for so much good. It is certainly the case 
Other Areas of Work that the great majority of the safety research that is being 

It has become the practice of the last two ESV Con- reported at this Conference assumes that vehicle occu- 

ferences to consider the safety of vehicles other than motor pants are restrained, and without measures to ensure that 

cars, and I should like to deal, in turn, with both mo- in the real world these restraints are being used, then this 

torcycte safety and heavy commercial vehicle safety, and work is neutralized. 

then cover some other topics of interest to this Confer- 

ence. UK Domestic Standard Making 

Motor Cycle Safety Our fundamental belief in the efficiency of occupan~ 

restraint is reflected in the effort that has been made to 
The present level of two-wheeled motor vehicle cas- plug gaps in the International regulatory scene with 

ualties is a matter of serious concern worldwide. Two- tional standards. These cover such items as passive re- 
wheeled motor vehicles in the UK accounted for only 

straints (of the conventional, 3-poin~ sea~ belt 
2.6% of total vehicles mileage, but 21% of road user 

configuration), carry-cot restraints and booster cush- 
casualties in 1981. The UK continues to work towards ions---devices that we consider particularly valuable in 
improving safety standards, both to prevent accidents and 

encouraging the proper restraint of children on the rear 
to minimise injuries to riders once they do occur. In the 

seat. 
short term, we are looking for improvements in braking-- 

particularly in the wet and conspicuity. In another area, 

the British Standard for safety helmets continues to be Rear Seat Belts 

up-dated as our knowledge of the subject increases. Con- 
The UK does not at present require the mandatory 

sideration is also being given to the development of a 
fitment of seat belts at the rear seating positions of cars. 

British Standard for protective clothing. Longer term pos- 
Now that front seat belt wearing is becoming compulsory 

sibilities include the provision of some form of leg pro- 
we intend to look very closely at the additional need for 

tection for riders in the event of accidents and the 
making provision for protection of those complying with 

development of an effective and commercially viable anti- 
the law who may nevertheless be put at risk by unre- 

lock braking system, 
strained passengers occupying the seats behind them. 

Heavy Commercial Vehicle Safety 
Pedal Cycles 

The heavy commercial vehicle will always Impose a 

greater environmental impact on the general public than Improving the safety of pedal cycles is another area 
perhaps pure statistical evidence may indicate. Of course that requires our attention, and recent studies have ted 
safety performance is one key environmental factor. Thus to better blocks for exposed brakes and indicated the need 
we are investigating the basis for UK national require- for more effective lighting and better conspicuity of the 
ments for underrun and sideguards for these vehicles. We machine and its rider in various detailed respects. 
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in Concltlsior~ i.e., pedestrians, motorcyclists and pedal cyclists need 

special attention as do all those who might be affected 
The UK is maintaining effort in all the areas that are by the presence of heavy goods vehicles and trailers. 

concerned with road and vehicle safety with our priorities 

reflecting our view of where greatest progress can be 

made. We may be moving towards encouraging market. Department of Transport 

demand for safer cars, but the "unprotected" road users, September 1982 

Italian Government Status Report 

DR. FFIANCO R. ROSSI rected to "studies on safety (the very basis of the ESV 

Civi; Motorization Ministry of Transportation Programme), costs, pollution (emission and noise) and 
consumption, aimed at an intelligent compromise or, even 

Expansion of the automotive sector in Italy has partly better, a harmonic equilibrium." 

~n affected by recession whiich to a greater or smaller Interaction of these often clashing factors already gave 

extent has hit every part of the world. Increment of ex- rise to a series of severe problems that have further been 

pansion in the past two years has barely exceeded 4% aggravated by the economic crisis (market, occupation, 

per annum. The number of estimated in-use vehicles with financing) exploded in the past three years and, unfor- 

four or more wheels is 20 million bin, accident rate has tunately, not yet over. 

practically been constant in the past three years. This can With regard to each of these problems, Italy has carried 

be due to lower mileage and to better vehicle and driver on, indeed increased, its efforts. 

behaviour. For example, fatality rate per 1,000 accidents, An example of overall approach to the problems is 

which was 33.7 in 1970, dropped to 29.7 in 1981, with a represented by the FIAT-VSS (Experimental Subsystem 

12% reduction. Car), designed with a view to achieving such service- 

These results, however, do not lead the Italian Gov- ability, use and mass production characteristics as to be 

ernment to slow down efforts in road safety. These efforts adopted practically. The basic VSS concept is to separate 

are instead being extended to various other sectors such structural function of mechanical component support and 

as driver control, traffic rules and their coding, motoring occupant protection from envelope and shape function. 

education and practice and w.’hicle inspection. With same external dimensions, the bodywork of the 

As regards vehicles, the Itahan Administration has car- VSS prototype weighs over 20% less than a conventional 

ried on efforts to acquire adequ.ate equ!tpment for technical sheet metal car. 

inspections. In particular, a new motor vehicle "Centro The main characteristic of the VSS project, in addition 

Superiore Prove e Ricerche" (Advanced Testing and Re- to use of plastics and weight reduction, is the possibility 

search Centre) has been inangurated in Rome and many of building the car with subsystems. 

Facilities with equipment for motor vehicle inspection Its manufacturing concepts can be applied to any class 

have been opened to the motorists, of cars, preferably to small cars, where weight savings 

It is believed, in fact, that road accidents can be reduced are more important and manufacturing simplicity is more 

by adequately combining resources and efforts in various widely accepted. 

directions. With regard to active safety~namely safety which aims 

In this connection I wish to point out that compre- to avoiding accidents~European and particularly Italian 

hensive investigations are being started to evaluate the manufacturers have long since taken into account the 

effectiveness of the various actions, namely the cost/ben- physical configuration of our country and consequent 

efit ratio, and that the field of actions is being widened road network structure, past and present. They were corn- 

by addressing the problems of costs, pollution and fuel pelled to give much weight to the so-called road holding 

consumption along with that of safety, of the vehicle, and have hence advanced regulations that, 

In the ESV Status Report presented in Wolfsburg in in some cases, were a simple record of performances ai- 

1980 we had already indicated that our efforts were di- ready obtained. 
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Consequently, in the field of active safety, regulation preaches for implementation of passive safety, represented 
has not had either appreciable effects on weights and, by: 
therefore, on consumption, or considerable effects on 
price increases. 1) Analysis of real accidents and statistical evaluation of 

However, research on active safety in Italy continues the more typical accidents. 
to be greatly developed along two major lines: 2) Computer simulation of the behaviour of vehicle, oc- 

Basic theoretical research with development of math- cupants and, possibly, struck pedestrians, through 

mathematical models, for the purpose of acquiring a ematical models which simulate behaviour of car and 
of its components, 

preliminary series of information and guidelines, fun- 
damental for the definition of design solutions. 

Experimental research to correlate vehicle response 
3) Car subsystem experimentation by static (presses, etc.) 

(transient and steady state) to its geometrical, inertial 
or dynamic (pendulums and deceleration sleds) tests and dynamic characteristics and to continuously im- 
which are useful for providing support data for the 

prove the mathematical models, 
definition of the magnitudes in mathematical simu- 

The main research subjects are: lations as well as of the design as a whole. 
4) Final assessment by collision tests using complete ve- 

hicles for an overall verification of design concepts. 
a) Study of driver-car system 

A uniform synthesis of all the discussion topics (passive 
The target of such activity is to find any correlation safety, active safety, pollution abatement, fuel economy, 

between subjective opinion of the driver and car response comfort improvement) will allow the definition of "Syn- 
parameters, thesis" cars as forebears of future generations of auto- 

Complexity of this subject has not yet permitted a clear    mobiles. 
definition of dynamic characteristics of a safe car.            A positive example of Alfa Romeo’s efforts along these 

lines is represented by the SVAR car on display at this 
Conference. 

b) Research on car handling and directional As regards passive safety, it should be remembered that 
stability much has already been done in the fields of both research 

and proposed rulings. In fact, a crop of regulations has 
This activity is aimed at the establishment of new open- resulted which had important effects on vehicle structure, 

loop test technologies capable of characterizing car per- especially with regard to body weights and costs, these 
formance, being also serious problems for fuel economy. 

The results obtained, at times found to be contradic- In Italy, work on passive safety has, and is, continued 
tory, evidence the need for more exhaustive studies. These with great commitment. 
latest presently concern in particular the research on car The recently tackled passive safety aspects are oriented 
dynamics under particular adhesion conditions. This re- and focused by bearing in mind the latest trends emerging 
search area is very important from the viewpoint of active from the activities and research work conducted by the 

safety. Steady-state and transient behaviour are studied specialists in the trade. 

under precarious adhesion conditions (wet road surface, Particular attention was devoted to the substantial ev- 
aquaplaning, etc.) or under external perturbing factors olution exhibited, during the latest years, by the various 
(wind gusts, road surface irregularities, sudden loss of ESVs which have gradually transformed into prototypes 
tyre adhesion, etc.). This approach is followed with par- synthesizing the many aspects and requirements now ir- 
ticular care at Alfa Romeo and the results obtained are revocably demanded of future cars; in particular, cars 
being shown by a film in Session VI. must offer low fuel consumption rates, low emission and 

All such aspects were evaluated keeping into particular noise pollution; and all this, to be suitably compromised 
account the basic requisite of limiting, or better, reducing and consistent with current occupant protection criteria. 
weights. As regards experimental investigations which always 

Along with the search for new materials and structures, prelude to interesting results, progress was made with 
utmost attention and interest were devoted to the achieve- current cars in side collision studies, in cooperation with 
ment of improved occupant protection in accident events EEC and FIAT; being shown in Technical Session No. 
through the definition of appropriate configurations for 3 Side Impact Protection are car/car and moving bar- 
passenger compartment interiors and restraint systems, rier/car collision test results, as well as evaluation meth- 
tailored to the individual cars, thus providing better per- odology improvements and relevant validation of 
formance of the car/restraint system combinations, calculated-to-experimental results trade-offs. 

Thanks to the development work by Italian Manufac- Additionally, Italy has actively cooperated with EEVC 
turers, it was possible to pinpoint four basic activity ap- (European Experimental Vehicle Committee) WG 6-- 
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"Structures" on moving barrier test methodology, reports --Belt pre-loading devices, given particular vehicle in- 

on which are given under Technical Session No. 3. terior arrangements, may improve occupant protec, 

Significant contributions with regard to the more gen- tion; we do r~ot object to such devices provided their 

oral and specific problems in passive safety are on record optional use is guaranteed and occupant tolerance 

with the work by GRCS (Groupe Rapporteurs Com- limit values are specified. 

portement Structure) and WP 29 of UNO-ECE (Geneva) --Finally, we think the adoption of buckle automatic 

under the Chairmanship of the Representative of the Ital- release devices is premature and that further inves- 

ian Administration. tigations are needed. 

Regarding the restraint systems, these latest years in 
Italy all new type-approved cars are sold with 3-point EMISSIONS 
belts conforming to EEC Directive requirements. More 
particularly, in regard of amendments to be introduced Italy has adopted amendments 03 and 04 to the Geneva 
in existing regulations to allow for the installation of ECE 15 Regulation. 
passive restraint systems and of some given devices, our Whereas in many Countries such amendments have 
viewpoint is: not been adopted and while in the other Countries it is 

--Passive restraint systems of the airbag kind carry a still too early to feel their effect, strong pressure is being 

number of drawbacks such as difficult installation put to further increase drastically regulation severity. 

on small cars, high costs, incomplete protection (so A similar situation is experienced for noise limits. Italy, 

much so that airbags must be used at least in com.- along with some other European Countries, has requested 

bination with lap belts), that no new reduction be imposed on the exhaust emission 

--Belt type passive systems afford protection levels, ai limits without prior assessment of such need from the 

most parallel with those of conventional belts and health standpoint as well as of possible effects on costs, 

involve greater design/construction limitations (an- consumption and performance. A tremendous amount of 

chorage locations), and possibility of remaining un- work along this line was initiated by EEC with the 

deployed (thus imposing unnecessary added costs on ERGA-Noise and ERGA-Pollution groups. The DGM 

user:s); for this reason we are not interested in intro- participates in the work of both groups to which it has 

ducing this possibility in existing regulations and provided a valid contribution of research conducted at 

standards, the national level. 

French Government Status Report 

JEAN MOREAU de SAiNT-MARTIN enforcement (especially concerning speed limits), it has 

Director, O.N.S.E.R. 
appeared necessary--in order to achieve a durable im- 
provement in patterns of behaviour--to bring about a real 
mobilization within Society as a whole concerning the 

The efforts that have been made in France with a view goal of improved road safety~ With this in view, the pro- 

to increasing road safety have made it possible to reduce gramme entitled REAGIR anticipates performing ad- 

very considerably the rates of risk in relation to traffic, ministrative and technical investigations concerning all 

since during the space of ten years the number of those fatal accidents so as to show up possible countermeasures 

killed per 10~ vehicle-kilometers has fallen from 9 to 4.5. and to overcome the tendency of punic opinion to view 

This improvement has, however, slowed down during the road accidents as something quite unremarkable. Central 

last few years and, taking into account the increase in Government will enter into contracts with local author- 

traffic flows (which has to some extent been maintained ities which will motivate the latter to act with the aim of 

in spite of economic difficulties and oil supply problems), reducing the number of killed by 10% in 1983. 

the annual number of road accident victims has remained So far as driver training is concerned, an overall reform 

practically stable since 1975. In 1981, the figures were of this and of the driving licorice itself has been made the 

12,428 killed and 334,289 injared as a result of 239,734 subject of research, and the creation of a National School 

personal-injury accidents, 90,973 of those injured sus- for Driver Training is envisaged in 1983. 

taining serious lesions. The Minister of Transport has set up consultation ar- 

This is why since the Autumn of 1981 the French rangements with motorcyclist groups, as well as with 

Government has set in hand a stepped-up effort to combat heavy goods vehicle drivers and transport enterprises, this 

accidents and their consequences, with a view to getting progress made in relation to the 

One of the first areas selected for improvement concerns specific safety problems that concern these two road user 

drivers’ behaviour: In paralle! with a tightening up of groups. 
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In the field of vehicle safety, a number of decisions it possible to establish the specification of a moving de- 
should be mentioned: formable barrier which simulates the striking vehicle in 

a way that is representative of the vehicle mix. The results ¯ Mandatory laminated windscreen glass in all new 
cars from July 1, 1983. of this are presented by UTAC in Technical Session No. 

3 of this Conference. ¯ The equipping, with effect from October 1, 1983, of 
The establishment of protection criteria for use in in- all new bicycles and mopeds with reflectors visible 

from the side, and the tightening up of enforcement tegrated tests has been the subject of several research 

of moped lighting rules, studies performed with French Government financial aid. 
In particular, the problem of cranio-cerebral lesions has ¯ In harmony with international codes, public trans- 
been systematically tackled by the Peugeot-Renault lab- port vehicle safety rules (especially concerning their 

seats and emergency exits) have been revised, oratory and, under the title ’Proper Use of the HIC under 
Different Collision Environments’, this is the subject of 

Finally, in-depth examination of the means of defining a contribution to Technical Session No. 2. 
the strategy and tactics for controlling road user behav- Faced with the challenge of meeting energy economy 
iour, as well as a strategy for social communications in and environmental quality objectives, both manufacturers 
relation to road safety will be developed. Road safety and all those responsible for safety will have to respond 
research will be the subject of a renewed thrust, to the question of what level of protection can be provided 

Research concerning vehicles will, of course, be called to road users: can this level continue to progress or will 
upon to contribute to this national effort to improve we have to be satisfied with preventing its deterioration? 
safety. Several research studies that are being performed This is a difficult political problem in which the conse- 
with the help of Governmental funds can be particularly quences of the decisions must be weighed up in a number 
mentioned, of different fields (concerning industrial production effects 

So far as heavy goods vehicles are concerned, an ar- and vehicle use) and brought into the malting of an overall 
ticulated vehicle with greatly improved stability charac- judgment. 
teristics so as to reduce the probability of roll-over is now However this may be, it will be necessary to pursue 
being developed. Besides this, the ’Truck of the Future’ research that will help to establish improved and more 
project, which is designated VIRAGES (the abbreviation sensitive indicators of the level of safety. Thus, the coming 
of a French phrase meaning ’industrial research vehicle into use of new materials raises the problem of their 
improving energy and safety management’) has to incor- behaviour at impact. Certain impact modes cannot yet 
porate safety objectives as well as those others concerned be tackled with satisfactory solutions; for example, those 
with energy consumption, noise and pollution. This ve- in which cars strike pedestrians or two-wheelers; in the 
hicle will include various devices and design character- case of side impacts, progress must be made in dummy 
istics to improve its dynamic behaviour, to lessen its design which will allow a more precise evaluation of injury 
aggressiveness in impact and to improve both the truck risks. It is however more generally towards a global ap- 
driver’s own visibility and the conspicuity of the truck proach to safety over a diverse spectrum of accident and 
for other road users, impact conditions that we have to move. 

Other research concerns the improvement of car oc- On such a basis, those responsible for road safety will 
cupant protection in side impact. Current concern being be able to develop a rule-making procedure which will 
to move towards an integrated test with an evaluation on enable everyone to benefit from a traffic system that is 
the basis of biomechanical criteria, this research has made as safe as possible. 
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Swedish Government Status Report 

PROF. DR. BERTIL ALDMAN years, and in 1981, only 215,000 were recorded as being 

Professor, Swedish Transport Research insured in Sweden. 

Delegation 
Chalmers University of Technology 

Effects of Present Regulations 

In recent years a fortunate reduction in the total num- 

ber of police-reported road accidents and casualties has From the beginning of the period of motorization in 

been observed in several countries. A similar trend has the early years of this century and until the middle of 

been noticed in Sweden over the last fifteen years. For the 1960’s there was an almost continuous increase in the 

this reason some statistical figures regarding this devel- number of people killed in road trat~c accidents in Swe- 

opment may be of interest to this audience, den. This development more or less paralleled the increase 

At the end of 1981 the popalation of Sweden was 8.3 in the numbers of registered motor vehicles, as can be 

million of which 53 per cent were holding a driver’s seen in Figure 1. In spite of the fact that the motor vehicle 

licence. The total number of registered motor vehicles registrations continued to increase at about the same rate 

was 3.1 million. Of these, 93.5 per cent were private cars: until the late 1970’s, the fatality trend had been broken 

The number of motorcycles increased by more than 20 more than ten years earlier. 

per cent during each of the last two years to 86,000. The At that particular time there was a growing concern 

number of mopeds has been decreasing over the last few in the country about road safety problems. After some 
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Figure 1~ Numbers of people killed in road accidents according to causes of death and within 30 days of the accident, 
respectively, and numbers of registered motor vehicles 1911-1980. 
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years of preparation and considerable emphasis on road total number of casualties can also be noted when these 
safety measures, a change-over to right-hand traffic was numbers are related to the size of the population, the 
made in 1967. Since 1968 Sweden has promulgated a number of licence holders, the number of motor vehicles 
number of national regulations concerning vehicle safety in actual traffic, or to the total motor vehicle travel. It 
and emissions. Some of these have been more stringent is believed that the safety precautions taken during the 
than the corresponding provisions in other European last two decades have contributed to this favourable de- 
countries. Examples of such are the Swedish provisions velopment in road safety, but also that this has increased 
concerning brakes and exhaust emissions, the motoring costs. A harmonization of the national pro- 

In the period after 1970 the greatest reduction in the visions with the corresponding ECE-regulations and 
numbers of fatalities is seen among car drivers, car pas- EEC-directives has been considered beneficial and for this 
sengers, and pedestrians (Figure 2). For moped riders reason the Swedish rules have for some time now been 
there is also a marked decrease in recent years, while the subject to revision. 
number of killed motorcyclists has increased during this Still the losses on our roads are a matter of great con- 
time. cern to the Swedish Government. Of those who lost their 

The numbers of injured road users show similar for- lives in road accidents, 70 per cent were males. Among 
tunate trends regarding car occupants, pedestrians, and children and young people this is the most frequent single 
moped riders. However, during the last three years the cause of death. For the group 1-24 years of age, between 
numbers of injured pedal cyclists and motorcyclists have 40 and 50 per cent of the fatalities by accidents, and 25 
increased and the safety of these categories is now given per cent of all fatalities, are caused by road accidents. 
more attention. Those who are killed on the road have on the average 

The overall positive trend for road safety regarding the their lives shortened by 35 years. 
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Figure 2. Numbers of people killed (left) and injured (right) in road accidents 1970-81 according to road user categories. 
car drivers, b. car passengers, c. pedestrians, d. pedal cyclists, e. motorcyclists, f. moped riders, and g. Others. 
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Research Projects several types of booster seats, allowing the child to use 
an adult seat belt, have been developed and are now being 

It appears that many of the current ECE-regulations 
could be improved and as part of the Swedish contribution 

used by approximately 15 per cent of the children in this 

to Working Party 29 and its groups of rapporteurs, a 
age group. 

number of research projects has been started in recent 
Restraint systems for infants and for handicapped chil- 

dren have now also been developed and were recently 
years, 

introduced on the Swedish market. Based on the expe- 

Heavy-Vehicles. 
rience gained at the application of ECE Regulation 44 
"Child restraints," some proposals for changes will be 

A research programme with the aim of investigating made in the near future. 
heavy-vehicle, anti-lock systern performance has been car- The large second-hand market of child seats in Sweden 
ried out, as well as test procedures concerning steerability has made it necessary to start an investigation of the aging 
and stability under winter conditions. Four different Eu- effect of plastic materials used in such seats. 
ropean anti-lock systems were used in these tests. A prospective study of the use and protective effects 

A project concerning bus transport systems in urban of all child restraint systems in real accidents is now in 
areas is being carried out by Volvo in cooperation with progress, using an insurance material of about 80,000 
the Swedish Gove~ment. New types of low-energy, low- accidents a year, which produced injury or damage only. 
polluting, and silent buses are being tested on separate It is expected that this study will reveal under which 
bus-roads. The bus stops are specially designed with a conditions children are injured in car accidents and what 
platform which is level with the bus floor. This makes it protection against such injuries the various systems offer. 
much easier for disabled persons, even in wheel-chairs, 
to enter the buses. Special seats are designed for the Behavioural Studies. 
handicapped and areas with arresting devices for wheel- 
chairs are available. An electronic system aids the driver Accident studies have revealed that difficulties to per- 

in steering the bus very accurately to the platform and ceive other vehicles is a major cause of road accidents. 

braking it gently at the stop. In several years of behavioural studies, efforts were made 

The general adaptation of public means of transport to to improve the conspicuity of vehicles. Daytime running 

the needs of people with different kinds of handicaps is lights were found to be a practical and effective measure 

at present the subject of another large study. Included and were made compulsory in Sweden for cars and mo- 

here are not only road vehMes, bu~: also railway cars, torcycles in 1977. Mopeds and tractors were later included 

aircraft, and ships in order to make it easier in the future in this law. Accident analysis shows that as an effect of 

for handicapped people to travel by these different modes, this law, there has been a reduction of daylight collisions 
in the order of 10-15 per cent. The reduction in collisions 

RestrNnt Systems. between motor vehicles and nonoccupant road users is 
even higher. The increase in petro! consumption due to 

Drivers of heavy trucks are seldom seriously injured the use of daytime running lights is about 1 per cent. 
in collisions with other vehicles. In sintgle truck accidents, The Swedish legislation pertaining to driving under the 
however, they are sometimes ejected, and since this is influence of alcohol permits routine breath tests of vehicle 
very dangerous, there has been an increasing demand drivers to be taken even without suspicion of drunk driv- 
from drivers and their unions in Sweden for seat belt ing. Some 2 million breath samples have been taken since 
installations also in these heavy vehicles. However, the the law was passed, and the results indicate that less than 
combination of a suspension seat and a conventional belt 0.2 per cent of the drivers, at any one time, drive with a 
leads to comfort problems. Prototypes with belts incor- blood alcohol concentration in excess of 50 mg per 100 
porated in the suspended part of the seat have been de- ml (0.05%), which is the legal limit in Sweden. In road 
reload and laboratory-tested, and are now being tested traffic accidents, approximately 3 per cent of the drivers 
under real traf~c conditions, are above the legal limit, and in traffic violation cases, 

A campaign aimed at increasing the usage of seat belts approximately 5 per cent are above this limit. By inter- 
by rear seat occupants of passenger cars is now in its final national comparison, the Swedish figures seem very fa- 
stage of preparation and will be launched in the Spring vourable. 
of 1983. 

Two types of child restraint systems are dominating Noise. 
the Swedish market. For children between 1 and 4 years 
of age the rearward-facing child seats are now being used Studies on crash helmets, which have been going on 
by more than 50 per cent of the children of this age group for some years, have indicated that aerodynamically gen- 

when travelling in cars. During the fifteen years these crated noise levels are very high, reaching about 100 dB 
systems have been in use, no injuries to their users have at 100 km/h. This, together with the attenuation of outer 
been reported in collision accidents. For the older children sounds by the helmet construction itself, makes it im- 
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possible for the wearers to hear warning signals from other future to improve the present situation are in progress 
vehicles at speeds in excess of 50 km/h. and Sweden is closely following the work carried out 

However, these studies have also indicated that current within the framework of ECE regarding noise reduction. 
full-face helmets are poorly ventilated at low speeds. This It is expected that an agreement can be reached about 
results in high carbon dioxide and low oxygen levels inside reasonably low noise levels and suitable measurement 
these helmets, which is particularly dangerous after ac- methods. 
cidents for thosewho are unconscious with brain injuries. 
In view of the previously mentioned high noise levels, CONCLUDING REMARKS 
however, the problem of improving the ventilation is not 
easily solved. Studies of this problem are therefore being The Swedish Government has been participating 
continued,                                           closely in the ESV programme and is pleased to notice 

A vibration-noise-infrasound simulator study has been that the results gained during the last decade gradually 
performed, which showed that infrasound of 110 dB at are being introduced into the automobile manufacturers’ 
15 Hz and 3 hours of exposure, impaired driver perform- production models. The Swedish Government is con- 
ance at the end of the exposure if noise and vibration vinced that more can be done to reduce the hazards on 
levels were low. The drivers also felt sleepier after this our roads and emphasises the need for improved regu- 
exposure than if the infrasound level was low also. An lations in this field. In view of the economic problems 

increased noise level, however, of 80 dB (A) was also ahead, it is hoped that the regulations needed to reduce 
found to counteract the performance impairment caused the number of casualties caused by road accidents can be 
by the int’rasound, harmonized all over the world for the benefit of all road 

Projects concerning tyre noise and possible steps in the users. 

Japanese Government Status Report 

KAZUO TAKASE in the United States and these test results were presented 

Director, Automobile Division at the Eighth ESV Conference. Research is still being 

Ministry of International Trade and Industry carded on in this area. 
(2) A recommendation concerning the Japanese admin- 

istration of vehicle safety was issued in October 1980 by 
1. I would like to take this opportunity to welcome all the Transportation Technology Council, an advisory body 

of you to the Ninth International Technical Conference to the Minister of Transport. This recommendation pre- 
on Experimental Safety Vehicles. This is the second ESV sents the second-stage objectives for expanding and 
Conference to be held in Japan. The first, being the Fourth strengthening safety standards for motor vehicles. Re- 
ESV Conference, was also held here in Kyoto in 1973. I search activities on the basis of this recommendation for 

wish to express our heartfelt thanks to the representatives further advancement of vehicle safety are being carried 
from abroad who have made the long journey to Japan, out. The principal objectives referred to in the recom- 
and to sincerely hope that this Conference will prove to mendation are designed to cope with traffic conditions in 

be a success. Japan, particularly the expanding highway system, higher 
(1) As you are aware, the 2,000-pound class experi- speed of motor vehicles, truck safety, and fire prevention. 

mental safety vehicles constructed by three Japanese man- i) In order to meet the problem of the expanding high- 
ufacturers, and the test results obtained by the Japan way system and higher vehicle speeds, studies are being 
Automobile Research Institute were presented at the carried out to improve headlamp performance, to 
Fourth International ESV Conference. The results of the strengthen brake regulations and to adopt HPR glass for 
development of these ESV’s have been utilized by man- front windows. 
ufacturers in the field of body design technology, and, ii) As for safety measures for trucks, research is being 
consequently, the emphasis in body design has been carried out on bumpers for large trucks which can prevent 
changed from one of improving durability on poor roads cars and other small vehicles from getting lodged under- 
to improving passenger protection during collisions. Ad- neath the trucks in the event of accidents; research is also 
ditionally, the Japan Automobile Research Institute car- being made towards strengthening the cabs of cab-over- 
ried out various tests on the RSV experimentally produced engine vehicles, and improving night-time visibility for 
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the rear of large trucks. Also, in order to prevent accidents This figure is approximately one half of the peak recorded 

caused by large trucks turning lefi, several experimental in 1970. As the number of motor vehicles is now twice 

vehicles have been manufactured with the purpose of what it was in 1970, it is clear that there has been a 

improving the direct field of vision through lowering the dramatic decline in the number of accidents, and this may 

position of the driver’s seat, increasing the size of win- be ascribed in no small measure to the efficacy of the 

dows, and installing the steering wheel on the left-hand various road safety measures which have been imple- 

side. These vehicles have been subjected to technical as- mented. However, in 1982, there has been a considerable 

sessment and study. Photographs of these vehicles are increase in the occurrence of fatal accidents involving 

now on display at this Conference Hall, and I hope you motorcycles and motor-driven cycles, and there is a dan- 

will find the time to examine ~:hem. ger that the number of fatalities may approach the nine 
iii) In connection with measures for the prevention of thousand mark for the first time in six years. The Gov- 

fires, research is being carried out into areas such as the ernment is thus determined to reduce the increase in 

establishment of standards for ~:he prevention of fuel leak- fatalities through the implementation of intensive safe 

age during collisions, the direct causes of fires, and meth- driving education. Of the fatalities during 1981, 37°3% 

ods to prevent them. involved four-wheeled vehicles, 20.2% involved two- 

iv) Research is also being carried out on the problems wheeled vehicles, 11.4% involved bicycles, 30.7% in- 

of the driveability and stability of two-wheeled vehicles volved pedestrians, with others accounting for 0.4%. 

and of the driveability, stability, and methods for testing These figures indicate that the proportion of fatalities 

vehicles with trailers attached. Research into the various accounted for by those with the least protection (i.e., 

characteristics of tyres during cornering and the setting cyclists and pedestrians) is very high at 42.1%. 

up of eye-points for drivers is also being carried out. 3. Since the formation of the GATT Standard Code, 

(3) Although not concerned directly with safety meas- there has been an international trend towards the har- 

ures for motor vehicles, research is being carried out into monization of regulations and standards. The Japanese 

total traffic control systems for motor vehicles. Experi- Government is giving due consideration toward harmo- 

mental operations are under way in certain limited areas,, nization with ECE regulations and FMVSS. In addition, 

In the broad sense, we regard this also as a contribution efforts are being directed towards the adjustment of Jap- 

to safety, anese Industrial Standards with the standards of the In- 

2. I should like now to touch upon the ownership of ternational Standards Organization. Harmonization with 

motor vehMes and the present state of traffic accidents. ECE regulations and FMVSS has recently been devel- 

(1) As of December 1981, there were a total of oping especially in respect to standards concerned with 

39,620,000 four-wheeled vehicles on the roads including brakes and lamps. Japan intends to offer positive coop- 

24,610,000 passenger cars, 13,960,~ trucks, 230,000 eration for international unification of regulations at 

busses, and 820,0c~ special purpose vehicles. There were ECE-WP29 and upon other occasions. 

13,230,(X~ two-wheeled vehicles including 1,160,000 over 4. I should like to conclude this status report by ex- 

50 cc, and 12,070,~ of 50 zc and less. These figures pressing my wish that this Ninth International Technical 
represent an increase over the previous year of 4.6% in Conference on Experimental Safety Vehicles will prove 

the case of four-wheeled vehicles and 10% in the case of to be a great success with the presentation of highly 

two-wheeled vehicles, significant research activities concerning motor vehicle 
(2) There were 8,719 traffic fatalities in 1981. Over the safety, and with the impression in the minds of all par- 

past five years since 1977, the number of fatalities has ticipants from various countries that this Conference has 
consistently been around the eight thousand per year. been thoroughly worthwhile. 
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Section 3: 
Results of ESV/RSV 

Development 

Mr. Michael M. Finkelstein, Chairman, United States 

Results of the United States Research Safety Vehicle Program 

FRANK G. RICHARDSON This paper provides an overview of these results at the 
National Highway Traffic Safety Program level for the Minicars and Calspan RSV projects. 

Administration The evolution of the overall program plan and technical 
goals is briefly reviewed and the two RSV designs are 
summarized. Results are summarized for safety perform- 

ABSTRACT ance and design integration and the response of the gen- 

The United States Research Safety Vehicle Program eral public to the RSV designs is presented as a market 

has been completed. Technical data on safety performance factor. Comments are offered on some of the major issues 

of two RSV designs is available. These data shows that relevant to government sponsorship of such programs. 

the crash performance of these vehicles exceeded the per- 
formance of cars available on the market and that the RSV PROGRAM 
aggressiveness of these RSVs to other road users was less 
than production cars. Steering and handling performance A project for an RSV-class passenger car was included 
was not improved over production cars although some in the original U.S. Experimental Safety Vehicle Program 
other advanced crash avoidance features were superior, presented at the First ESV Conference (1)*. Described as 
Consumer interest in "safe" cars was evident in marketing 

.............. an "Intermediate Sedan--3,000 pound class" the prelim, 
studies. Program management problems were mainly as- inary technical performance specifications for this project 
sociated with the technical specification of crash avoid- 

were distributed in 1973 prior to the Fourth ESV Con, 
ance requirements, the lack of resources for a full 

ference. At that Conference the overall plan was reviewed 
demonstration program, and the inability to transfer tech- 

(2) and many of the participants commented on the spec- 
nology to the market place, 

ification and on the program. In the implementation of 

the program many of these suggestions were accepted and 
incorporated either into the program or into one of the 

INTRODUCTION specific projects. The General Motors comments, for ex- 

The United States Research Safety Vehicle (RSV) Pro- ample, on the major issue of trading off crash protection 

gram has been completed with fabrication and evaluation against other design parameters and on the minor issue 

of lighting systems (3), were recognized and essentially testing of complete RSV vehicles. Results, or products, 
of this seven-year program include an extensive amount adopted. 

The Program objectives can be divided into two major of engineering data from a large number and variety 6f 
tests, design information on materials properties and proc- areas (Figure 1). The first effort was the design and fab- 

esses, structural and mechanical component performance rication of experimental vehicles which would demon- 

strate improved levels of safety performance without data, and systems integration data. Participants in the 
program also developed analytical methodologies as part negative effects on fuel economy or ernissions, and, hope- 

of their specification and design studies. In addition to fully, with some enhancement of this performance. These 

these technical outputs the RSV Program also compiled vehicles were then used to assess the market acceptability 

data on public attitudes towards automobiles emphasizing 
safety features. *Numbers in parenthesis are references. 
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.... -- Some of the underlying philosophy of the Program was 
O Develop Experimental Vehicles To: that: 

-- Demonstrate Improved Safety Performance a. there should be continuous dissemination of infor, 
- Improve Fuel Economy and Emissions marion from the contractors involved, 

Performance b. industry should be substantially involved in order 

- Assess Market Acceptance of Safe Cars to assist in the technology transfer, whether vol- 

- Identify System Integration Problems 
untary or through regulation, and 

c. safety was not viewed as a competitive selling feature 
¯ Test Vehicles To: and unless this could be changed voluntary im- 

provement was unlikely. 
-- Acquire Engineering Data for Rulemaking 

-- Guide and Support Added R~D Major phases or stages of the Program are shown in 
,,, Figure 2. Five parallel studies were made in 1974 to define 

Figure 1. Research safety vehicle program--objectives, the broad concepts of the RSV and to further develop 

the performance specifications first proposed by NHTSA. 
As noted earlier, extensive review of the proposed spec- 

of "safe" cars. The second m.ajor objective was to test ifications led to a number of changes in requirements. 

these vehicles to acquire data for rulemaking support and Two contractors, Calspan and Minicars, were then com- 

to direct or assist other R&D efforts. This was done botl~ petitively selected to proceed with the design and devel. 

at the total vehicle level and at the subsystem/component opment phase and subsequently moved on to systems 

level (e.g., single beam headlights, soft bumpers), integration and fabrication. 

Throughout both areas, but p~imarily in the development Frequent reports on the Program were presented as 

work, a number of system trade-off and integration prob.- shown in Figure 2. These conferences were keyed to com- 

lems were identified and analyzed. This need to reconcile pletion of major phases or milestones. References 4, 5, 

the frequer~tly conflicting design demands of improved and 6 present results through the second phase and Ref- 

safety, better fuel economy, emission control, and eco- erences 7 and 8 provide the contractors’ status midway 

nomic feasibility in the market place was a key factor in through the fabrication phase. 

initiation of the RSV Program. Evaluating testing began early in. 1979 and was sup- 

Year 

, 78 [ 79 80 

Program Definition and 
Specification 

(5 Studies) 

Design and Development 
[ First Tests (Calspan, Minicars) 
/ Evaluation 

~ Vehicle C, ompleted 

Systems I(Calspan,Fabrication n tegration and ~/linicars) 

~/~-/’FFi~~~~iiiI 
Evaluation Tests 

Status Report Conferences 
F e erm y Ja n 

Figure 2 F/esearch safety vehicle program~activity schedule. 
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(U.S, $000"s} 

Program Definition and 
Specification [5 Studies) ........................ 2,200 

¯ Design and Development 

Tests (Calspan. Minicars) ...................... 7,000 

¯ Systems Integration and 

Fabrication (Calspan. MJnicars) ................. 18,000 

¯ Evaluation Teats ............................... *2,900 

Total 30,100 
¯ Does Not Include Extensive Test Costs Incurred by Germany, Italy, 

France, United Kingdom, Netherlands. and Japan 

Figure 3, Research safety vehicle program--program costs. 

Figure 5. Minicar RSV. 

ported extensively by most of the countries and many of 

the manufacturers participating in the International ESV mpg (City) and 41 mpg (Highway). The Minicar RSV is 
work. France, Italy, Germany, The Netherlands, the shown in Figure 5. 
United Kingdom, and Japan all performed significant The approach for the Calspan/Chrysler RSV is shown 
evaluation tests and reported on these tests beginning with in Figure 6. This RSV was evolved from a 1976 Model 

the Seventh International ESV Conference in Paris m Year Chrysler Simca and thereby represents a conven- 
June 1979. tional, near-term State-of-Art technology. Extensive use 

Costs of the RSV Program incurred by the United was made of simulation analyses in the structural design 
States are shown in Figure 3. Note that the total cost of process. The RSV, as shown in Figure 7, weighed 2,675 

$30 million does not include costs to other countries or pounds. Major crash performance levels achieved were 
the manufacturers who participated in the evaluation test- 40 mph Frontal Car-to-Car protection and 34 mph Side 
ing phase. For comparison, the cost of the U.S. Family protection. The turbocharged engine with 5-speed gearbox 
Sedan ESV program was $15 million, and feedback carburetor installed by Volkswagen pro- 

vided 26 mpg (City) and 42 mpg (Highway) and reduced 

emissions significantly over the standard Omni/Horizon DESIGN SUMMARY 
engine installation. 

The design features of the Minicars and Calspan/ 

Chrysler RSVs have been extensively reported earlier (5, 
PERFORMANCE RESULTS SUMMARY 

6, 7, 8, 9). Briefly, the Minicars approach, as shown in 

Figure 4, was to develop an all new body structure ap- Nearly 60 complete RSV test vehicles of various types 
plying an innovative fabrication technology of foam-filled, were built and tested throughout all phases of the RSV 
thin gauge sheet metal sections for body structure. De- Program. Many different types of tests were performed 
signed from the basis of reducing societal cost from aerodynamic drag, handling, braking, crash repairability, 
crashes, the design ended up at 2,550 pounds curb weight low speed damage protection, and others, as well as high- 
and achieved 50 mph barrier crashworthiness. Fuel econ- 

omy achieved with the modified Honda engine was 29 

e Modification of Production Vehicle (Chrysler Simca) 

Conservative, Near-Term Technology 
¯ All New Vehicle 

¯ Analytical Basis for Design 
¯ Innovative, Near-to-Midterm Technology 

e 2675 Lb. Curb Weight 
¯ Societal Benefit Basis for Design 

e Crashworthiness (Car-to-Car) 
¯ 2,550 Lb. Curb Weight 

Frontal: 40 MPH (Each Car) 
¯ Crashworthiness 

Side: 35 MPH (Each Car, 90°) 
-- Frontal: 50 MPH Barrier 
-- Side: (Impact by Large Car) 35 MPH Each Car (909) ¯ Fuel Economy/Emissions 

¯ Fuel Economy STD ! 23/34/27 MPG 
Engine ~         0.5/4.87/1.03 HCiCO/NO× GPM 

- 29/41/33 MPG 
T/C ~ 26/42/32 MPG 

- 0.4/2.5/0,7 HC/CO/NOx GPM Engine I         0.13/2.1/0,9 HC/CO/NOx GPM 

Figure 4. Research safety vehicle program--rninzcars Figure 6. Research safety vehicle prograrn--Calspan/ 
approach and performance. Chrysler approach and performance. 
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be protected in frontal impacts as severe as a 50 mph 
barrier crash. Of approximately 9,500 driver fatalities that 
occur annually, in the U.S., it is estimated that almost 
6,200 of these could be eliminated if all ears were equipped 
with similar systems. 

The Minicars RSV also uses a dual bag concept for 
automatic passenger restraints. Two bags separated by a 
thin membrane serve as a torso and head cushioning 
device. The torso bag is smaller than the head bag and 
the volume and design features of each are tailored to 
meet chest and head loading requirements. The system 
consists of dual chamber bag, solid propellant inflator, 
crash sensors, energy absorbing dash, and knee pad. In 

Figure 7. Calspan RSV the event of a crash the torso bag fills very quickly and 
maintains a high pressure. As the torso comes in contact 

speed car-to-barrier and car-to-car crash tests. Detailed with the bag, the gas is forced into the bag for the head 

results of these tests have been reported at previous In- through a vent in the membrane. Then the upper bag 

ternational Technical Conferences on Experimental inflates and retards the head as it starts to move. The 

Safety Vehicles beginning with the Sixth. This report sum- system includes passenger knee restraints. 
marizes these results at the Program Level. The Calspan/Chrysler RSV uses an inflatable torso belt 

system for passenger protection. The belt uses an auxiliary 

OCCUPANT PROTECTION 
drive system to automatically position the belt on the 
passenger. Knee blockers or an active lap belt are used 

Both RSVs developed crashworthy structure and in- in conjunction with the belt. 

tegrated these structures with automatic restraints, pad- An inflatable belt distributes the crash loads on the 

ding, seating systems, and other body and chassis elements oecupant torso over a large area thereby reducing chest 

to provide safety performance as shown in Figure 8. Using injuries. It also cushions the head and restrains occupant 

either conventional (Calspan/Chrysler) or innovative forward motion. The same system functions as a conven- 

(Miniears) technology as described earlier, these vehicles tional shoulder belt system when low-level crash forces 

were able to demonstrate occupant protection in various are encountered as in minor accidents which do not de- 

crash modes, ploy the air belt. A pyrotechnic inflator automatically 

Both RSV designs integrated automatic restraint sys- inflates the belt to an 8-inch-round bag during crashes. 

terns for drivers and front seat passengers. Two distinctly Force limiting webbing is used on the ends of the belt to 

different air bag designs were developed for the drivers, limit the belt loads to 2,000 pounds. An advantage of this 

The Calspan/Chrysler RSV driver restraint incorporates type of system is that it is not unique for any particular 

a steering wheel-mounted air bag with a pyrotechnic in- model and therefore can be used in a full line of pro- 
duction car models, thereby reducing costs. The air belt flator, porous nylon bag, primary and back-up crash sen- 

sors, and a dash-mounted diagnostic box. Knee blockers is obviously more susceptible to consumer complaints 

are used but an active lap belt is available. The Minicars about discomfort, inconvenience, and appearance than are 

RSV driver restraint system has a dual air bag configu- air bags. 

ration mounted in the steering wheel assembly. The inner The RSV Side Impact Occupant Protection Systems 

and outer bags are cylindrical and are constructed of low 
permeability nylon. Venting in these bags is accomplished 
by the fabric porosity. This system also has inflators, ¯ Developed Both Conventional and Innovative 
primary and back-up crash sensors, and a diagnostic sys- Structures for Front, Side, Rear, and Reliever Crash 

tem. The system generally works with a collapsible steer- Protection 

ing column and additional knee restraints. Satisfactory ¯ Demonstrated Automatic Protection For: 

structural integrity, controlled collapse of the front end, - 80 MPH Car-to-Car Frontal Crashes With 

and adequate energy dissipation are achieved through 
Conventional Structures Technology 

-- 50 MPH Frontal Barrier Crashes With Innovative 
proper design of the frontal structure.                            Structures Technology 

It was in matching front structure performance with 
¯ Demonstrated Car-to-Car Side Crash Protection at 

restraint performance and in integration into the RSVs 50 MPH Closing Speeds 
that most effort was required. ¯ Demonstrated Rear Crash Protection at 45 MPH 

The Calspan RSV system has demonstrated protection With Conventional Technology -- No Fuel Leakage 
up to 80 mph closing speed in head-on crashes against 
equal weight cars. The Minicars RSV system users will Figure 8. RSV results summary---occupant protection. 
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utilize improved door structure, strengthened pillars, in- 

terlocks between the door and the vehicle structure, door ® Demonstrated Technology To Reduce 

beams, and interior padding. The purpose of these com- Pedestrian Injury Levels at Impact 
ponents is, first, to reduce the gross deformation of the Speeds Up to 25 MPH 

passenger compartment caused by an impacting vehicle, 

and secondly, to control the impact forces on the crash ® Demonstrated Low Speed Damage 

victim. Protection to Struck Cars up to 8 MPH 
The Calspan RSV Side Structure utilizes conventional 

design combined with application of high-strength ma- ® Demonstrated Technology To Reduce 
terials to prevent the intrusion into the occupant com- Injury Levels of Struck Car Occupants 
partment. Having reduced the intrusion, the occupant in Side Crash Tests at 50 MPH C~osing 
impact forces are controlled by utilizing foam door trim Speeds 
pads which enclose aluminum honeycomb. As the door 

is moved inwards towards the occupant, the honeycomb Figure 9. RSV results summary--aggressiveness. 

and padding deform to limit and control the forces im- 

posed on the occupant. 

In addition to the design features of the Calspan RSV, concept, vehicle aggressivity toward both pedestrians and 

the Minicars RSV embodies a heightened door sill. The other vehicles is simultaneously reduced. This front end 

purpose of this sill is to interact with a striking vehicle’s design provides clear cut reduction of pedestrian injuries 

front structure, thereby reducing the magnitude of col- compared to current front-end designs. It is also less 

lision force applied to the door itself, aggressive in low speed (less then 10 mph) impacts with 

The Calspan and Minicars RSV Side Impact tests have other cars. The weight of the unit, as designed for the 

demonstrated that front seat dummies could survive in a Calspan RSV, for example, is approximately 35 pounds; 

car-to-car crash at up to 50 mph closing velocities with one half that of a conventional bumper, grill, valance, 

each vehicle traveling at 35 mph. Survival is defined as etc., which it replaces. 

injury measures on the dummies being less than those The National Highway Traffic Safety Administration 

required by Federal Motor Vehicle Safety Standard 208. has estimated that up to 13,000 pedestrian injuries would 

If all vehicles in the U.S. car fleet provided front seat be reduced in severity and up to 340 pedestrian fatalities 

occupant protection in side impact accidents at speeds of per year would be eliminated if the entire U.S. car fleet 

50 mph, fatalities would be reduced by approximately was equipped with soft bumpers. 

40%, assuming no change in the accident pattern. This High speed crash aggressivity reduction, of course, in- 

is based on an analysis of the side impact test data of the volves front end structural design rather than just the soft 

Calspan RSV. nose. In a series of paired car-to-car tests the RSVs 

Rear crash protection of the Calspan RSV was gained showed the ability to reduce the level of dummy mead- 

not only by modest strengthening of the rear structure urements in the car struck in the side by the RSV as 

but also through careful redesign of the fuel tank and fuel compared to the paired car. Such benefits in reduced 

filler systems. The tank was strengthened and moved aggressiveness are, of course, gained at the expense of 

forward on the vehicle and attached with wrap-around occupant protection and the RSV design development and 

straps. The fuel filler neck was also moved forward over evaluation tests provide valuable data for understanding 

the rear wheel and out of the impact zone. These steps this concept. 

were essential to reducing fuel leakage in rear impacts. In the paired tests the reduction in front seat dummy 

measures was significant. Chest and pelvic accelerations 

AGGRESSIVENESS were reduced 30 to 40%. Rear seat dummy measures 

were not improved, however, to the same degree and this 

A principal requirement of all Experimental Safety Ve, behavior has not yet been explained. 

hicle research has been the reduction of aggressiveness 

toward other road users--pedestrians, bicyclists, and cars. ACCIDENT AVOIDANCE 
RSV results in this respect are summarized in Figure 9. 

Low speed aggressivity toward pedestrians or other cars A number of well-established concepts related to ac- 
was achieved by designing a "soft nose." This soft nose cident avoidance were integrated into the RSVs. Some of 
design developed for the RSVs consists of a high density these are noted in Figure 10. Anti-lock brake systems, 
reaction injection molded (RIM) skin which encloses a flat-proof tires, low tire pressure warning systems, and 

low density foam. Engine cooling air slots are provided, high leve! rear lighting were used but were not specifically 

together with cut outs for headlamps and parking lamps, evaluated under this program. A light-weight, single beam 

The shape of the unit, and the foam properties, can be headlight system was developed by CIBIE for the Calspan 

tailored to meet specific design requirements. With this RSV and was evaluated under a separate NHTSA project 
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¯ Integrated Crash Avoidance Subsystems: ¯ Designed Weight Efficient Conventional and 

-- Anti-Lock Brakes 
Innovative Structures - 2500 to 2700 Lbs. 

-- Advanced Lighting ¯ Identified Aerodynamics Benefits/Tradeoffs 

-- Conspicuity Stripes - External Shapes 

-- Tires - Design Details: Front Dam, Mirrors, 
Glazing, Spoilers 

¯ Developed Radar-Activated Crash 
Mitigation System ¯ Methodology for Systems Optimization 

¯ Identified Issues With Crash Avoidance       Figure 11. RSV results summary--systems integration. 

Performance Specifications 

Figure 10. RSV results summary--accident avoidance,        and small external mirrors that failed to show FM¥SS 
compliance, in order to enhance fuel economy at the 
expense of some possible degradation of safety perform- 

(10). A radar-activated Crash Mitigation System was de- ance. 
veloped for the Minicars RSV but was not extensively Finally, the development of analytical methodologies 

evaluated beyond the design development phase, for design optimization were initiated in the RSV Pro- 

Probably the most important contribution of the RSV gram. Simulation methodologies for vehicle level and fleet 

Program to Accident Avoidance was to focus attention level analyses were started in the first phase of the Pro- 

on the problems of crash avoidance specifications. While gram and continued expansion of some of these is con- 

the RSVs met the technical specifications for steering, tinuing. Other methodologies were developed for 

handling, and braking performance that had been pro- projecting vehicle engineering characteristics and for cost- 

posed and accepted at the beginning of the Program, they benefit assessments. 

were considered by many to be inadequate in this per- 
fo~ance category" (11). The quantified RSV performance 

MARKET FACTORS 
requirements were not suINcient or complete enough to 
avoid this negative judgment. Further definition of these A summary of RSV work in the general area of market 
requirements must be made in future R&D work. factors--price to the consumer, safety benefits, and ac- 

ceptance of the concepts--is given in Figure 12. Through- 

SYSTEMS INTEGRATION out all phases of the Program an attempt was made to 
estimate the MSRP (Manufacturer’s Suggested Retail 

A prominent feature of the planning for the RSV Pro- Price) for the RSV designs. In some cases, automatic 

gram was the broad objective of examining the tradeoffs restraints for example, alternate price estimates were ob- 
and integration demands of the various subsystems or rained from sources other than the RSV designs. As ex- 
requirements. Indeed, early descriptions of the Program pected, the cost estimates for some systems varied by as 
focused on the so-called "S3E" concept of balancing much as 3 to 1. Obviously, the baseline for price estimates 
Safety, Energy conservation, Environmental protection, varied, different technological assumptions were made, 
and Economy of purchase and operation for the con- and in fact, technology has changed over the course of 
sumer. The principal focus of these efforts became the the Program. Slight variations in performance could be 
development of weight et~cient body structures using accepted for reduced price. In fact, simplified versions of 
either conventional production processes with new ap- 
plications of materials, or the development of the inno- 
vative Minicars structure. Very limited engine, drive line, ¯ Estimated MSRP for RSV Designs 
and emissions control development was carried out in this 
Program and so the tradeoffs and integration were limited 

- Range of Price Estimates 

to packaging the various power plant components and - Evolving Technology (Materials, Designs) 

subsystems. ¯ Estimated Crashworthiness Benefits 

Some other integration efforts were made on Safety/ - Evaluation Technology (Dummy, Test Modes) 
Fuel Economy issues as shown in Figure 11. Aerodynamic 
tests were carried out on the RSVs not only to explore ¯ Assessed Consumer Reaction to RSV Concepts 

external shapes but also to investigate specific details of - Market Research (Focus Groups) 

front dams, external mirror size and shape, wheel covers - Safety Valued at $300 to $1500 

and wheel parts, etc. It was on the basis of such data for 
example, that decisions were made to use headlight covers Figure 12. RSV results summary--market factors. 
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such RSV concepts as side door interlocks and secondary 
hood latches are now appearing in production cars. ¯ Ambitious Goals, Objectives 

Similarly, various estimates of crash benefits were 
-- Fuel Economy, Emissions Goals made. These are obviously heavily dependent on the hu- 

man surrogates and test modes utilized in the evaluations, m Demonstration us Evaluation 
The improved designs for dummies now being utilized in m Inadequate Resources 
side crashes would probably alter both the RSV designs 
and the anticipated benefits. It is NHTSA’s judgment O Inadequate Design Assessments 
that substantial reductions of fatalities and serious injuries 

-- Production Technology could be achieved with RSV-type structures and restraint/ 
padding systems, m Operational Requirements 

The RSVs were widely exhibited to the general public ~ Wide Dissemination of information 
and to technical audiences. Media interest was high and, 
in fact, TV and magazines are still reporting on the Pro- M Technical Conferences 
gram. Public response covered a wide range of issues -- Media 

......... ranging from technical details to practical considerations 
............. of ownership to the philosophy of U.S. Government spon- ~ Inadequate Technology Transfer 

sorship of such programs. While classification of the re- 
Figure 13. RSV results summary--program management. 

sponses is difficult, they signify a broad interest in 
highway safety and 95% of respondents who commented 
on market availability indicated a desire to purchase such technology projected by the RSV designers and there was 
safe cars. Such response obviously correlates closely with a failure to explore necessary parallel Changes in opera- 
expected price, tional requirements for such things or license plates, tax 

A more concentrated marketing survey was made with or inspection stickers. The soft front bumpers and rood- 
the Minicars RSV using focus group discussions (12). ified windshields would necessitate changes that, while 
Twenty-three such groups were assembled in 10 cities considered feasible, were not explored or widely recog- 
across the U.S. While results are not statistically valid nized and acknowledged. 

........ the research did show an increased value of safety features 
These deficiencies in design reviews were partly over- 

.......... after some education on automobile safety performance, come, however, by the frequent wide dissemination of 
Price and fuel economy (the study was conducted in 1980) program information to the technical community. In the 
were the strongest factors in purchase decisions. U.S. the SAE included papers on the RSVs and technical 

A conclusion might well be that consumers are much displays in almost all of their national meetings from 1976 
less informed on safety than on fuel economy, comfort, 

through 1980. Internationally, the ESV conferences and 
...... or styling and that increased awareness of safety could displays continued to provide the means for technical data 
..... alter these priorities, 

exchange. General dissemination of data to the nontech- 
nical public in the U.S. has been discussed earlier. 

PROGRAM MANAGEMENT And, finally, a disappointment of the RSV Program 
Management has been the inability to transfer the tech- 

Finally, a number of program management issues be- nical results either to the market place or even to the 
came apparent during the eight-year span of the program. NHTSA rulemaking engineers. Only one element unique 
These are listed on Figure 13. One major issue was the to the RSV design--the St. Gobain "Securiflex, (TM) 
incompatibility of goals and objectives with the resources windshield--has been considered for rulemaking action. 
available, and the variation in some objectives with chang- None of the fuel economy/safety tradeoff issues (e.g., 
ing administrations. Funding and schedules were clearly headlight covers, external mirrors) are being considered 
not compatible with the ambitious goals for emissions and for change. Utilization of the vast amount of engineering 
fuel economy performance, data has been minimal. 

Similarly, as the emphasis changed from one of tech- 
nical evaluation of advanced safety concepts to total dem- 

CONCLUSION onstration, resources were insufficient. For example, a 
major problem in the Calspan/Chrysler RSV active safety The RSV Program was responsible for acquiring a great 
or handling performance was the "cramped" driver en- deal of technical data on the safety performance of com- 
vironment. This occurred because resources were not plete integrated vehicles in a wide range of crash condi, 
available to widen the base Simca when side crash padding tions. The crash performance of these test vehicles 
protection was added and the interior space was reduced, exceeded the performance of cars available on the market. 

RSV design reviews were lacking in two important Similarly, the aggressiveness of these RSVs to other road 
areas. There was insufficient emphasis on production users---cars and pedestrians---was less than production 
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cars. Crash avoidance performance was not improved 5. "A Status Report on the Calspan/Chrysler RSV," 

over production cars and in some aspects was considered Dr. Patrick M. Miller, Report on the Sixth Inter- 

l~ss satisfactory. In the U.S. there would appear to be national Technical Conference on Experimental 

some consumer demand for "safe" cars as determined Safety Vehicles, October 1976. 

through market assessments with the RSVs. Transfer of 6. "A Summary of the Minicars RSV Program," Don- 

improved safety technology to production cars is not being aid E. Struble, Report on the Sixth International 

accomplished. Technical Conference on Experimental Safety Vehi- 
cles, October 1976. 

7. "Status Report on Minicars Research Safety Vehi- 
cle," Dr. Donald Struble, Report on the Seventh In- 
ternational Technical Conference on Experimental 
Safety Vehicles, June 1979. 

1. "The United States ESV Program--Overview," John 8. "Status Report on Calspan/Chrysler Research Safety 

A. Edwards, Report on the First International Tech- Vehicle," G. J. Fabian and G. Frig, Report on the 

nical Conference on Experimental Safety Vehicles, Seventh International Technical Conference on Ex- 

January 1971. perimental Safety Vehicles, June 1979. 

2. "The Optimized ESV Performance Specifications," 9. "The Minicars Research Safety Vehicle," D. Fried- 

William E. Scott, Report on the Fourth International man, Report on the Eighth International Technical 

Technical Conference on Experimental Safety Vehi- Conference on Experimental Safety Vehicles, October 

cles, Mar~h 1973. 1980. 

on ESV Developme , 10. "Evaluation of the Feasibility of a Single-Beam Head- 3. "Conclusions and Projections nt" 

Louis C. Lundstrom, Report on the Fourth Inter- lighting System," DOT-HS-805-219, December 1979: 

national Technical Conference on Experimental 11. "Results of Handling, Stability and Braking Tests of 

Safety Vehicles, March 1973. the Minicars RSV," Dr. A. Zomotor, Report on the 

4. "U.S. Status Report on ESV Programs," John W. Eighth International Technical Conference on Ex- 

Snow, Report on the Sixth International Technical perimental Safety Vehicles, October 1980. 

Conference on Experimental Safety Vehicles, October 12. "Consumer Acceptance of RSV Features," DOT-HS- 

1976. 805-454, June 1980. 

Minicars RSV: Results of Angled Barrier and Headform Impact Tests and a 
Comparison with Those of the Caispan RSV and Chrysler Alpine 

S. P. F. PETTY FMVSS 301 with regard to the 30° angled barrier impact 

Transport and Road Research Laboratory" but failed to meet the static rol!over requirements because 
of a minor design error in the fuel filler. 

The headform tests showed the need for more protec- 
tion in secondary vehicle impacts when the occupants are 

A Minicars RSV was impacted into a 30° wood-faced 
not fully restrained. 

angled barrier at a speed of 60 km/h and subsequently 
The comparison of the results from the different cars 

showed an improvement in survival space and occupant 
its interior was impact tested using a free flight headform, injury criteria of the RSV designs over the production 
The results of these tests are compared with those from 
similar tests on the Calspan RSV and a Chrysler Alpine 

car. 

car which was the baseline production car used to develop 
the Calspan RSV. All the tests were carried out at MIRA. INTRODUCTION 

In the angled barrier test the Minicars RSV met the 
requirement of ECE Regulation 33 with regard to oc- This is a report of a frontal angled barrier crash test 

cupant survival space. There were two Part 572 dummies of the Minicars Research Safety Vehicle (RSV) (Ref 1) 

in the front seats. Despite a delay in the deployment of followed by a series of interior headform impacts. The 

the drivers airbag, all the dummy acceleration and femur tests were carried out at the Motor Industry Research 

loads complied with the requirements of FMVSS 208. Association (MIRA) (Project officers Messrs. B F Smith 

The car met the full system integrity requirement of and K Clemo) upon instructions from the Transport and 
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Road Research Laboratory (TRRL). The tests are part 
of the continuing co-operation between the USA and the 
UK in the field of vehicle safety. 

The testing procedures were similar to those used for 
the Calspan/Chrysler RSV test (Ref 2). The results of 
the two sets of RSV tests and those from a standard 
Chrysler Alpine upon which the Calspan RSV design was 
based are compared and highlight some of the differences 
in design concepts. 

Object 
To assess the performance of the Minicars RSV in the 

context of crashworthiness, with particular attention 
being paid to occupant protection. Detailed objectives 

......... were: Figure 1. The vehicle on arrival for testing. 

........ a) To subject the Minicars RSV to a 60 km~, 30° 
angled wood-faced barrier crash test, primarily to 
check its performance with regard to FMVSS 208 laminated type, and was bonded to the vehicle. The fuel 

occupant protection and FMVSS 301 fuel integrity, storage tank was located inside the central spinal box 

b) To measure the noise generated by the airbags of section, just forward of the rear seats. 

the passive restraint systems. The driver’s side restraint system incorporated a steer- 

c) To subject the front of the Minicars RSV passenger ing-wheel mounted airbag that consisted of non-porous 

compartment to impacts by an instrumented alu- nylon bag vented into the outer bag. The inner bag was 

minium headform and analyse to FMVSS 208 with inflated by a sodium azide squib. Also, the system in- 

regard to the head injury criteria, corporated a urethane foam energy-absorbing knee bol- 

d) To compare the results with the Calspan RSV and ster. The front passenger restrains system incorporated a 

Chrysler Alpine tests, double non-porous airbag. The lower bag was vented into 

the upper bag, which in turn was vented to the atmosphere 
by two 62.5 mm diameter holes. The bags were inflated The Test Vehicle 
by a sodium azide inflator. Again a urethane foam energy, 

The test vehicle was a Minicars Research Safety Ve- absorbing knee bolster was used. Both these systems were 
hicle, (Fig 1) and was identified by the figures M5-10. activated by three parallel crash sensors, two of which 
The vehicle structure consisted of a frame that was built were mounted on the port and starboard sides at the front 
of large thin-walled box sections, most of which were of the body structure, and one on the top of the left front 
foam filled. The outer skin was manufactured from a non- suspension strut tower. The system also incorporated a 
reinforced plastic, except for the luggage compartment diagnostic box to warn of any malfunction in the squib 
lid and its surrounding panel, which were manufactured firing circuitry. In addition to the primary crash sensors 
from glass-reinforced plastic, (GRP). Some of the inner a contact switch was located on the bumper blade at the 
wing weather covers were also produced from a thin GRP. point of first contact. This switch, combined with an 
Minicars have aimed at providing for the needs of pc- electronic time delay circuit, was built and installed by 
destrian safety and the reduction of low speed impact MIRA staff to activate the restraint system in event of 
vehicle damage. To achieve this both the front and rear the primary- system not firing. 
bumpers had been manufactured from urethane foam cov- 
ered with a soft plastic skin. Access to the passenger 
compartment was by means of two gull wing doors that Vehicle Preparation 
were hinged at the roof line. To allow the doors to rein- The vehicle was painted in contrasting colours to assist 
force the structures during a frontal impact, loads were in the analysis of the high speed colour films. Markers 
transmitted between the door and the frame by location 250 mm apart, were fixed along the side of the body at 
pins attached to the front and rear of the doors, which the waist line and along the bonnet and roof on the vehicle 
picked up on striker plates on the A-post and B-post. centre line. Before the test the vehicle was drained of all 

The vehicle had a rear-mounted engine and transmis- fluids and, in compliance with FMVSS 301, the petrol 
sion unit, giving rear-wheel drive. The road wheels were tank was completely filled with 32 litres of stoddard sol- 
fitted with Dunlop Denova run fiat tyres, that were in- vent fuel substitute; then 5% was removed leaving 30A 
rated to 2.07 bar (30 psi) for the front wheels and 2.41 litres: The vehicle was fitted with contact event switches 
bar (35 psi) for the rear wheels. There was no spare wheel and 23 unbonded accelerometers. The vehicle complete 
supplied with the vehicle. The windshield was of the with onboard camera and two 50th percentile dummies 
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Figure 3. The microphone installation. 
Figure 2, Port side of the vehicle pre-test. 

in the front seats was weighed before the test (Fig 2). The out on the recorded signals. The pressure waveform versus 

loads on the wheels were: time was plotted to show the instantaneous peak pressure 

Port front 295 kg (651 lb) measured during the crash test. Repeated analysis showed 

Port rear 363 kg (800 lb) that the essential detail of the waveform was obtained 

Starboard front 298 kg (657 lb) with a bandwidth of 6.4 kHz. The frequency content of 

Starboard rear 372 kg (820 lb) the signature was obtained in octave bands from 2.5 Hz 

This gives a total of 1328 kg (2929 lb) distributed with to 10 kHz using a Gen-rad 1995 integrating real time 

45% on the front wheels, analyser set to "max hold." The "max hold" facility en- 

Before the crash test the front seats were put in their ables a spectrum to be obtained of the maximum level 

most rearward latched position and an SAE three-di- (with a time constant of 0.125 s) in each octave band over 

mensional seat deflection manikin was used to determine the record length. It should be noted that the sum of the 

the front seat H-point, so that ECE 33 pre-test dimensions octave band levels will generally exceed that of the max- 

could be taken. Then the seats were repositioned to the imum overall level because the maxima in the octave 

instructions of Minicars Inc., Report No. 5010 FI (Check- bands do not occur at the same time as the overall max- 

out procedures in RSV Frontal Impact Crash Testing, imum. 

Figures 3-I and 3-2), and left in this position for the crash Two FMVSS Part 572 dummies fitted with additional 

test. back up accelerometers in the head and chest were in- 

stalled in the front seats following the procedures as de- 

BARRIER IMPACT TEST                   fined in FMVSS 208 (Figs 4 and 5). 
At the request of Minicars Inc., a squib firing circuit 

Test Method was fitted as backup to the existing air bag inertia switch 

Using the MIRA linear induction motor crash facility 
the vehicle was impacted into a steel barrier set at 60° to 

the vehicles axis of motion and faced with a sheet of 20 
mm plywood. The vehicle’s and the dummies’ instru- 
mentation was to SAE Recommended Practice J211a. 
Fourteen high speed cameras were used to give colour 
film coverage of the irnpact. 

Noise measurements were recorded during the impact 
to determine the noise level generated during the inflation 
of the restraint systems. For this purpose two condenser 
microphones, Type 4136, mounted in a foam block were 
fixed to the rear of the drivers seat head rest. The mi- 
crophones were positioned so as to be adjacent to the 
driver’s ears (Fig 3). The signal from each microphone 
was fed to an FM tape recorder via two channels with 
gains differing by 20 dB. This ensured a high signal to 
noise ratio for the test. Two forms of analysis were carried Figure 4. Starboard dummy pre-test. 
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Figure 5. Port dummy pre-test. 

circuit. The requirement was for squib firing current to 

be provided by the circuit 15 ms after impact. 

The barrier test was followed by a static rollover test. 

The vehicle was rotated on its longitudinal axis to each 

successive increment of 90° (Fig 6). 
Figure 6. The vehicle installed in the static reliever rig in the 

second increment position. 
Test Results 

The vehicle speed just prior to impact was measured 

to be 60.3 km/h. The position of the vehicle after the test The laminated windshield that was bonded to the ve, 

is showed in the diagram below and in Figure 7. hicle was 100% retained, but examination showed that 

there were some cracks that radiated from the lower edge 

immediately behind the port side air intake. This appeared 

~,,~ ..... 
,~ to be due to being hit from the inside by the left hand 

-~~ front coruer of the dashboard instrument console. 

Both of the gull wing doors remained closed and un- 

locked during the impact. The starboard door could be 

~ opened by using the normal force required for this op- 

eration. The port door catch released by using the normal 
~ o,,9,,~, ~ ................. 

force, but the door was partially jammed by the overlap- 

The Vehicle Structure 
A measurement of the static crush showed a shortening 

of 235 mm on the starboard side and 1135 mm on the 

port side. These dimensions were taken from the metal- 

work as there was some considerable recovery of the 

urethane foam front of the vehicle. 

The wheel base had lengthened by 14 mm on the star- 

board side and shortened by 262 mm on the port side. 

This was due mainly to the displacement of the front 

wheels. The rear wheels were still free to rotate. Figure 7. Port side of the vehicle post-test. 
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ping of the rear edge of the front wing. However, the         ,~,0 7 ............................. 

door could be forced open by using a snatch force to 

overcome the resistance of the obstruction. 

Before the test it was thought that the fire extinguisher 

might break from its fixing and fly into the front passenger 

compartment during the impact. The first precaution was 

to have it weighed and then discharged and re-filled with 

water until it was back to its original weight. It was then 

anchored to one of the rear seat belt anchorage points by 

a cord with 200 mm of slack, so as to allow the fire 

extinguisher to break free if it was going to, but then to 

restrain it from entering the front passenger compartment. 100 200 

However, the fire extinguisher did not leave its fixing 

during the impact, and therefore did not present a hazard 

to the front seat occupants. 
Figure 9. Resultant acceleration of the base of the starboard 

A-post. 

The Passenger Compartment 
Both front seats were retained in position during the the requirements and the results are shown as part of 

Table 1 which compares the vehicle measurements of the 
impact, and their displacement mechanisms were still op- three cars tested. The figures show that the Minicars RSV 
erational after the test. 

The resultant accelerations at the base of the port and 
meets the requirements of ECE Regulation 33 with regard 

starboard A-posts are shown in Figures 8 and 9 as ex- 
to front occupant survival space. 

amples of vehicle accelerometer outputs. 

The survival space that remained available in the pas- Dummy Analysis 
senger compartment could be assessed against the re- The signals from the transducers in the dummies, 
quirements of the proposed ECE Regulation 33, although heads, chests, and femurs were analyzed to the require- 
the test was an angled barrier impact and performed at ments of FMVSS 208. The analysis results are given in 
a higher impact speed. The regulation specifies the min- Table 2 and Figures 10 to 17 and show that both dummies 
imum dirnensions of the passenger compartment which 

must remain after a 48.3 km/h perpendicular frontal bar, 
pass the requirements of FM¥SS 208. It should also be 
noted that the femur loads pass the levels as defined in 

rier impact. Paragraph 5.2 of the regulation relates to the Reference 3 (12 kN may not be exceeded, 10 kN may 

horizontal distance between the R-point and the instru- not be exceeded except for duration of less than 3 ms, 

ment panel; paragraph 5.3 relates to the horizontal dis- and 7 kN may not be exceeded except for durations of 

tance (through the brake pedal) between the front of the less than 10 ms). 
passenger compartment and the R-point; paragraph 5.4 The head of each dummy in the Minicars RS¥ was 
relates to the width of the footwell (through the brake fitted with a chamois leather mask, so as to assess any 

pedal); and paragraph 5.5 relates to the floor to roof lacerations that might occur in the test. The masks were 

dimensions through the R-point. The numerical values of painted just prior to impact, the left sides red and the 

right sides blue. This was to give witness to any head 

contact during the test. The post-test examination showed 

.................................................................................................................................. that there was no evidence of lacerations on either of the 
~ masks. The paint witness showed that both heads made 
~ contact with the airbags only. The driver’s mask showed 

evidence of the steering wheel airbag rotating clockwise 

~ "~--. during the head contact which is confirmed by the high 

~ ~: ......... ............. speed films, and the post-test position of the steering 

wheel. During the impact both dummies slid to the left 

of the centreline of their airbags, the driver sliding towards 

the A-post and the passenger sliding towards the space 

between the two airbag systems. The post-test examina- 

~,~ L___~ ................ ~ ............ ± ~ ~ ~ L ~ ~-- tion found the driver dummy back in its seat more or 

~ ~ ~’~° less in its normal sitting position with the passenger 
....... dummy leaning towards the driver, shoulder to shoulder 

Figure 8. Resultant acceleration of the base of the port 
but with the passenger dummy slightly forward. 

A-post.                                        The impulse to the drivers head at 122.5 ms as shown 
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Table 1. RSV and Chrysler Alpine Vehicle Results. 

Vehicle Mini cars Calspan - Chrysler 
RSV Chrysler RSV Alpine 

Test date 21.1.81 10.7.80 14.2.77 
Impact speed km/h 60.3 60.3 59.4 
Test weight kg 1328 1436 1188 
Weight distribution % front 45 55 56.4 
Steering wheel side Port Port Starboard 
Barrier face angle 30° 30° 30° 
Side of first contact Driver Driver Driver 
Static crush, driver’s side mm 1135 800 900 
Static crush, passenger’s side mm 235 60 115 
Rebound driver’s side mm 100 150 380 
Rebound passenger’s side mm 0 0 0 
Lateral displacement of the centre of mm 474 825 135 

gravity 
Final yaw attitude (from original line of 8° 20° t 2° 

travel) 
Fuel leakage during impact None None 10 ml/min 

from fuel 
tank filler 

tube 
Fuel leakage during static roll 200 ml/min 1 ml/min Not rolled 

(see text) from fuel 
filler cap 

ECE Regulation 33 Survival Space 

Parameter       Requirement Position Pre-test Post-test Pre-testI Post-test Pre-test Post-test 

5.2 Instrument panel >450 mm Driver 560 550 462 460 521 390 
to R-point* passenger 590 590 460 480 521 490 

5.3 Front of compartment > 650 mm Driver 1118 1115 950 822 1003 630 
to R-point* passenger 1120 1120 940 940 991 935 

5.4 Width of footwell > 250 mm Driver 480 475 705 690 597 0 
passenger 480 480 705 750 597 J 598 

5.5 Floor to roof height    < 10% Driver 1210 1205 1972 1970 1041 984 
reduction passenger 1210 1215 1970 1970 1041 1027 

*No R-point was specified for the RSV vehicles, so the pre-test H-points were used. 

in Figure 10 was entirely from the head vertical ondary (back-up) system. The signals showed that the 
accelerometer. At this moment the head was nearly hot- primary system gave a current approximately 0.001 s in 
izontal and the top of the head was in the steering wheel duration of 6 a at 0.017 s after first contact and this 
airbag near the wheel structure. There was no evidence coincided with the film evidence of the start of deployment 
of wheel deformation due to a head impact. The chest of the passenger’s airbag. The primary system then gave 
accelerometers showed no impulse at this time but the a current approximately 0.003 s in duration of 2 a at 
pelvis lateral accelerometer had a pulse of over 100 g for 0.045 s after the first contact and this coincided with the 
20 ms. The exact dummy kinematics cannot be deter- deployment of the driver’s airbag. It appears from film 
mined. It is possible that the dummy while rotating round evidence that the driver’s airbag was not fully deployed 
the partially inflated airbag with its knees held by the at the time of the dummy making contact with it, which 
foam restraints started to slide sideways out of the seat was due to the delay in the start of deployment. This 
and was hit back by an impulse from the door padding, delay is also evident in the difference in the times of the 

deceleration of the two dummies after the start of the 

Airba9 Deployment impact. The secondary (back-up) system showed that a 

voltage was switched to the squib circuit at 0.07 s after 

Airbag firing time evidence was provided by two elec- first contact, but at this time both squibs had already 
tronic circuits, one monitoring the current in the squib been fired by the primary system. Therefore, the second- 
circuit at a point inside the primary system diagnostic ary (back-up) system was not involved in the firing of the 

box, and one monitoring the voltage output of the sec- squibs. After consultation with the Engineering Staff of 
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Table 2. RSV and Chrysler Alpine Dummy Results. 

................ Normal Mini~:ars Calspan Chrysler Chrysler Alpine 

Criteria RSV RSV 

to 
FMVSS 

208     Driver Passenger Driver Passenger Driver Passenger 

Type of dummy                Part 572 Part 572 Part 572 Part 572 Part 572 OPAT    OPAT 

Head 
HIC over 250 m sec. < 1000 638 222 289 591 665 1744 

HIC during contact <1000 638+ 222+ 289+ No contact 665 1697 

Gadd SI. < 1000 745 278 341 813 881 2279 

Chest                         < 1000    367      177      488      402      463      315 
SI over 250 m sec. 
Acceleration over 3 m sec. 

< 60 g.     46       35      51.5     44.5       55       40 
Time over 60 g. > 0.003 0 0 0 0 0.001 0 

sec. 
Peak g. w 48.5 33.3 54.3 49 63 44 

Femurs load 2250 Ibf 

Left (kN) (10 kN) 6.32 3.48 8.84 3.54 2.7 0.6 

Right (kN) 8.52 4.55 5.72 5.75 1.8" 2,9 

Pelvis resultant acceleration -- 133.5 36 67.3 67.8 54 55 

Seat belt loads 
Shoulder (kN) -- Airbag Airbag Airbag 8.4 4.8 7.3 

Lap (kN) w No lap Airbag Airbag No lap 4.4 8.4 

belt belt 

Peak resultant** 
Acceleration at A-post g. w 69 35 109 49 175 44 

Tim~. sec. -- 0.062 0.037 0.06 0.059 0.062 0.057 

+ Contact with ai~bag. 
* 1.8 kN was measured just prior to the load cell being damaged. 

** Filtered at 180 Hz. 

Minicars Inc., they conclude "that the driver’s inflator during any 1-min. interval shall not exceed 1 oz. by 

did indeed receive current at the same time as the pas- weight. The post-test examination showed that there was 

senger’s inflator, but that due to some inflator malfunc- no fuel spillage during or after the impact. 

tion, the gas generator did not ignite until 0.03 second The crash test was followed by a static rollover test as 

later." The post-test examination of the airbags revealed specified in FMVSS 301; the vehicle was rotated on its 

a small hole burnt in the passenger side airbag, approx- longitudinal axis to each successive increment of 90°. The 

imately two cm. long and one cm wide. This would have vehicle was rotated first in the anti-clockwise direction 

had no significant effect on the restraint performance of looking t~om the front, which was with the fuel filler pipe 

the airbag as this hole is small compared with the airbag down first. Immediately the fuel level was raised above 

vent hole. However, the hot material that caused the burn the fuel filler pipe, fuel started leaking at a rate of 200 

could injure the passenger, and may present a fire hazard, ml per minute (5.25 oz.), which exceeded the limit set in 

this standard. 
At this point it was decided to abandon the test. On 

Fuel Integrity’ examination it was found that the leak was due to an 

The vehicle was assessed with regard to the require, inadequate seal between the metal fuel filler neck and the 

ments of FMVSS 301 in the 30° angled frontal barrier flexible rubber hose that leads to the fuel tank. The rubber 

impact. The requirements of this standard are intended hose was of the type that has a steel wire reinforcing 

to apply to lower speeds of up to 48.3 km/h. The fuel wrapped spirally around its outer surface; this caused the 

spillage rates allowed by the standard are 1 oz. by weight inner seal to have a spiral indent, which made it dit~cult 

from impact until cessation of motion and a total of 5 to make a good seal. First of all, the hose clip around 

oz. by weight in the 5-min. period following cessation of this joint was tightened, but this did not stop the leak. It 

motion. For the subsequent 25-rain. period fuel spillage should be pointed out at this stage that when the fuel 
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Figure 10. Resultant acceleration of the driver’s head. 

Figure 14. Resultant acceleration of the passenger’s head, 

tO0 200 

T,me (ms) 

-too I I I I I l i i I__L, I I l--J I I I J. l 
Figure 11. Resultant acceleration of the driver’s chest, o ,o~ 2oo 

Time(ms) 

Figure 15. Resultant acceleration of the passenger’s chest. 

Figure 12. Axial force in the driver’s left femur. ’ ........... 

Figure 16. Axial force in the passenger’s left femur: 

Figure la. Axial force in the driver,s right femur. Figure 17. Axial force in the passenger’s right femur. 
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~o loo 1~o ~oo Figure 2!. Maximum octave band sound pressure levels oc- 
T ............. ~,, curring during first 150 ms after impact (0.125 s 

time constant) right hand microphone. 
Figure18. Pressure vs time: microphone on left side of driver 

head position. 

filler pipe was below the level of the fuel, there were no 

fuel leaks from the filler cap or its interface with the filler 

neck, only from the connection of the rubber hose to the 

filler neck. It was then decided to insert a rubber bung 

into the end of the rubber hose and retest. In this repeat 
test there were no fuel leaks. The test was also carried 

out in the opposite direction of rotation and again there 

were no fuel leaks. Therefore if a better seal can be made 

at the fuel filler neck to the rubber hose connection, the 

vehicle would meet the requirements of the standard in 

this crash test mode. 

Noise Measurements 

~ \ The sound pressure levels are shown in Figures 18 and 

.~ , ~- 19, the results of the octave band analysis are shown in 
~o ,® ~o ~o 

Figures 20 and 21, and the ’A’-weighted octave band 

levels are shown in Figures 22 and 23. The instantaneous 
Figure t9. Pressure vs time: microphone on right side of 

driver head position, positive peak pressure of 1940 Pa for the left side of the 

driver’s head and 2040 Pa for the right side of the driver’s 

head is equivalent to an instantaneous sound pressure of 

150 
16o F 

/ ~oo 

Figure 20. Maximum octave band sound pressure levels oc- Figure 22. Maximum ’A’-weighted octave band levels oc- 

curing during first 150 ms a~er impact (0.125 s curring during first 150 ms after impact (0.125 s 

time constant) left hand microphone, time constant) le~ hand microphone. 
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,50. accelerometers aligned with the impact direction and two 
other mutually perpendicular axes. This was fired at the 

,,0 --- 
impact point by a pneumatic launcher. The system in- 

~ ,2 
~ 

corporates two major advances over the normal ECE 21 
.o /-- pendulum test in matching more closely the conditions 

,20 - 

//////"~ 

of a real accident: 

~ ,,0, 1) The headform is capable of absorbing energy in ro. 

tation as well as translation when a glancing impact 
~ is made. A pendulum mounted headform is capable 
~ ~ ~ , , , ~ ~ , ~ ~ , , ~ of absorbing energy only in translation. 

-~ ~ ~ ~ ,~ ............ ® ........... 2) The test is performed on a whole vehicle incorporating 
Frequency 

the damage resulting from the impact test, whereas 

Figure 23. Maximum ’A’-weighted octave band levels oc- the ECE 21 is normally conducted on segments cut 
curring during first 150 ms after impact (0.125 s from an undamaged car. 
time constant) right hand microphone: The impact speed of the headform was 6.7 m/sec and 

the impacts were aimed either in a direction originating 
from the area of the front seat occupants’ heads for the 

159.7 dB and 160 dB respectively. The figures were re- header rail and upper facia or in a longitudinal direction 
corded with all of the windows closed, for the lower facia tests. The signals were filtered to 

This result can be compared with the over-riding limit Channel Class 1000 to SAE J21 lb, 
of 150 dB of an instantaneous sound pressure in an im- 
pulse noise as quoted in the U.K. Code of Practice for 
reducing the exposure of employed persons to noise. Headform Impact Test Results 
(Ref 4). The results of the tests are given as part of Table 3 the 

severity of the headform acceleration being expressed in 
terms of the peak magnitude of the Resultant Acceleration 

HEADFORM IMPACT TESTS vector, the Gadd Severity Index, and the Head Injury 

........ Test Method 
Criteria. The points impacted are given in Figure 24 and 
may be divided into two groups. The first group are 

The crash test was followed by a series of impact tests contactable in the initial or primary vehicle impact. Ex- 
on the interior surface, using a modified form of the test amples of this are the upper surface and underside of the 
specified in Annex 4 of Regulation ECE 2 1 (Procedure facia which generally give rise to impacts of low severity 
for testing energy-dissipating materials). These tests were as a result of their energy-absorbing characteristics. The 
conducted at 14 specified points on the vehicle, distributed second group are protected by the airbags during the 
over the upper and lower facias, the header rail, and the primary impact but then might be contacted in a sec. 
windscreen pillars. The impact tests were carried out us- ondary vehicle impact when the airbag has deflated. 
ing an unrestrained spherical headform containing three In some cases, the latter produce more severe accel- 

Table 3. Headform impact testsmimpact speed 6.7 metres/sec (15 mile/h) 

Impact Position Minicars RSV Calspan RSV Ch~sler Alpine 
(Figure 24) Peak g Gadd SI HIC Peak g Gadd SI Peak g Gadd SI 

A 275 1134 893 ~ 47 161 94 -- 
B 46 178 157 59 206 57 100 
C 34 95 87 45 321 47 !    140 
D 33 61 51 40 141 88 292 
E 59 111 79 .... 
F 170 961 820 ~ 61               227              61              176 
G 112 423 354 ~ 79 305 88 239 
H 30 83 76 .... 
I 123 440 369 58 210 58 151 
J 24 59 53 .... 
K "114/221 467/376 378/339 ~ 35 85 69 186 
L 89 372 344 .... 
M 27 48 41 .... 
N 44 112 103 ~167 576 63 192 

Belt anchorage ~ m ~ 235 1621 t04 524 

* The second figure refers to a seconda~ impact of the headform on the inside of the windscreen, which it struck in rebounding from the impact point, 
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mentation showed that they met the requirements of 

,--_..~_ 
- ,/_~ FMVSS 208. 

- .~ Both the restraint systems functioned; but whereas the 
/ 

~ passenger’s system started to deploy 0.017 after first con- 

\ 
K--._.._ , tact, the driver’s system did not start until 0.045 sec. 

~ ’ The 300 angled port side barrier impact requirements 

\ of FMVSS 301 were met, there being no fuel leakage 
during the impact or the 30-min. period following impact. 
However, when the vehicle was subjected to the static 
rollover test required in the regulation, a fuel leak that 

,’ ~ ~x~. exceeded the limit set in the regulation was observed. 

~ ~. \M After the fuel leak had been stopped by removing a hose 

~/ 8 ~c from the filler pipe and sealing it off, the test was repeated. 
This time there was no fuel leakage. Therefore, if a fuel- 

Figure 24. Headform impact position code. tight joint had been made to the filler pipe, the vehicle 

could have met the static rollover test requirements of 
FMVSS 301. 

erations of the headform, as for example at point A (see The peak noise pressure levels were measured to be 

Fig 25), where the edge of the airbag container lies inside 159.7 dB for the left side of the driver’s head and 160 

the facia covering material, and at point F near the centre dB for the right side of the driver’s head with all of the 

of the header rail. Some impact areas resulted in sharp windows closed. These exceed the 150 dB level recom- 

fragments of material being produced which could cause mended in the Code of Practice for Reducing Exposure 

lacerations to an occupant. This occurred at points D of Employed Persons to Noise. 

and E on the instrument panel and to a limited extent at 
point C on the centre console. The Minicars Headform Impact Tests 

The results of the headform impact test show that 
although the areas in the front of the car which might 
be contacted in the primary impact are well protected, 

The Minicars RSV Crash Test there are points which may be contacted in the secondary 

The RSV impacted the 30° wood faced angled barrier impacts which require additional protection. This would 

at a speed of 60.3 km/h. The driver’s (port) side of the be in the form of improved energy-absorbing material on 

vehicle made first contact, 
the facia and header rail (at points A and F, Fig 24) and 

The vehicle structure met the intrusion requirements a change to a material that does not produce sharp frag- 

of ECE Regulation 33 with regard to front occupant ments when impacted on the instrument panel and data 

survival space, console (points C, D, and E, Fig 24). 

Two Part 572 dummies were positioned in the front 
seats. Analysis of the signals from the dummy instru- 

Comparison of the Minicar’s RSV with the 
Calspan/Chrysler RSV and a Standard Pro- 
duction Chrysler Alpine 

The combined results of the three cars are given in 
Tables 1, 2, and 3. The Chrysler Alpine car was the 
baseline production car used to develop the Calspan RSV. 
Although the Minicars RSV had the greatest overall static 

crush, the survival space as defined by ECE Regulation 
33 was greatest for this car with only the Alpine pro- 
duction car being less than is required for different con- 
ditions in the regulation. The increased crush in the 

Minicars RSV is reflected in a lower vehicle deceleration 
pulse measured at the A-post on the impacted scale, with 
a corresponding increase in duration. 

With a minor design modification to the Minicars fuel 
filler system, both RSVs would have passed the static 
rollover test of FMVSS 301. The Chrysler Alpine pro- 

Figure 25. The metal work of the passenger’s airbag duction car was not tested to the standard. 
container. 
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As the occupant restraint for each car was different, and the steering column (point N). The attention given 
their effectiveness can only be assessed by the dummy in both RSVs to impact protection over the area of the 
performance. The Chrysler Alpine had standard produc- centre console is shown by the higher figure on the stand- 
tion lap and diagonal belts; the Calspan RSV had a steer- ard production car (point D). Comment has already been 
ing wheel airbag and a passenger inflator belt with knee made on the need to protect against secondary vehicle 
restraints for both; and the Minicars RSV had airbags impacts when airbags may no longer be providing pro- 
with knee restraints. Although the noise level in the Mini- tection (point A). 
cars RSV was 165 dB, it cannot be directly compared to 

the Calspan RSV result of 153 dB since the Minicars RSV 
CONCLUSIONS windows were closed and the Calspan RSV windows were 

not. 
The protection provided for occupants of the Minicar Although a different type of dummy was used in the 

RSV in a 60 km/h 30° angled barrier impact appears to Chrysler Alpine test and a direct comparison between the 
be generally of a high order. A few revised details of tests should not be made, the indications are that there 

was a marked improvement of the injury criteria for the interior design and functioning of components would fur- 

ther improve the results. 
heads of the RSV passengers and the Calspan driver. The 

injury criteria for the Minicars driver’s head are within Comparisons with the Calspan RSV and its baseline 

FMVSS 208 but, possibly due to the late deployment of car, the Chrysler Alpine, show the improvements in pro- 

the airbag, are no better than a typical standard pro- 
tection that can be provided. Most particularly intrusion 

duction car. The chest accelerations for all the cars were 
around occupants has been prevented and a severe impact 

to the head of the front passenger has been eliminated. similar. The axial femur forces were higher for both RSVs 
The results show both the good protection in a standard and reflect the use of knee bolsters as part of the restraint 

design as compared to the production vehicles’ use of lap production car that can be provided for wearers of seat 

belts against most injuries and the high level of protection and diagonal belts as the primary restraint. In all cases 

the femur loads were below the maximum allowed in that is demonstrated to be possible by the RSV cars. 

FMVSS 208. The high lateral acceleration at the pelvis 

of the Minicars RSV driver does not necessarily imply REFERENCES 
an injurious loading as it will depend on the position and 

distribution of the accelerating force. 1. Friedman D. The Minicars Research Safety Vehicle. 

Because of the different design concept of the Minicars Presented to the Eighth RSV Conference Wolfsburg 
RSV, direct comparisons of headform impact tests be- October 1980. 
tween cars at specific points in the passenger compartment 2. Smith, B F and Petty S P F. The Results of Headform 

were not always possible (e.g., there is no upper anchorage Impact and Angled Barrier Tests on the Calspan RSV. 
for a seat belt on the B-post in the Minicars RSV). The Presented to the Eighth RSV Conference Wolfsburg 
impact positions given in Table 3 relate directly to October 1980, 
the Minicars RSV and, where possible, the results for the 3. Lowne R W. A Revised Upper Leg Injury Criteria 
equivalent position in the other two cars have been given. (Unpublished). 
The design requirement to provide a rigid door hinge 4. Code of Practice for Reducing the Exposure of Era- 

mounting down the centreline of the roof of the Minicars ployed Persons to Noise. Page 6, Section 4.7 HMSO 
RSV is reflected in the higher figures for the car’s header 1972. 
rail and windscreen pillars (points F, G, and I, Fig 24). Crown copyright 1982: Any views expressed in this paper 
The need to cover with an energy-absorbing material are not necessarily those of the Department of the En- 
certain small but critical impact areas that will not nec- vironment Department of Transport. Extracts from the 
essarily be identified by the barrier test is highlighted by text may be reproduced, except for commercial purposes. 
the Calspan RSV figure for the seat belt upper anchorage provided the source is acknowledged. 
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Design and Development of Modified Integrated Vehicle for Enhanced 

G. KLAUS, R. SINNHUBER, G. HOFFMANN in the form of the Volkswagen Integrated Research Ve- 

Volkswagenwerk AG, hicles IRVW I and II. The MIV, in contrast, does not 
include consideration of special energy saving or special 

Wolfsburg, W. Germany emission reduction engine/transmission concepts. 
Because vehicle layout, according to established criteria 

and subsequent reinforcement for modified design criteria, 
always leads to substantial weight increases with corn- 

The report summarizes the work of Volkswagenwerk mensurate limitations upon producibility, it was decided 

AG in the MIV (Modified Integrated Vehicle) Research not to use the "add-on" strategy, but to develop an all 
Project of the U.S. Department of Transportation, Na- new "Integrated Structure" for the 4 door MIV. This 
tional Highway Traffic Safety Administration. concept requires that the largest possible number of com- 

Within the framework of the MIV Project Volkswa- ponents be effective during the specified frontal and side 

genwerk was requested by NHTSA to develop concepts impacts. 
and structures which would harmonize contradictory de- NHTSA’s design goals were the 35 mph frontal fixed 

sign considerations--the greatest possible reduction in barrier impact and the 30 mph side impact with the new 

dummy loadings with the lowest possible vehicle weight 1.565 kg (3,450 lb) deformable 19° Crabbed Barrier and 

increase under the precondition that the design be suited the new HSRI Dummy which were specially developed 

to current mass production methods. The 4 door-Volks- for the side impact. 
wagen Rabbit was to serve as the basis of the study. 

The NHTSA goals mandated the development of new STATEMENT OF WORK 
technology in conjunction with new test configurations 
and devices for lateral impact at 30 mph and frontal fixed Vehicle engineering measures for the increased passive 
barrier impact at 35 mph. safety requirements specified in the project were to be 

The realization of NHTSA’s project goals necessitated derived from the results of baseline tests as well as from 

the development of an all-new "Integrated Structure," a the know-how gained in the ESVW I, ESVW II, RSVW, 
concept in which the greatest number of components is IRVW I and II projects. The effects of these measures 
effective during the defined frontal and lateral impacts, were to be examined in defined tests: 

The specific goals established by NHTSA were met in 
--19° Crabbed Barrier/4 door MIV-60° side impact at 

the MIV project. The results of Phase 1 demonstrate a 
potential for promising reductions in dummy loadings. 

30 mph impact velocity 

However, because these reductions were observed in only 
4 door MIV/Fixed Barrier head-on impact at 35 mph 

a single test, the results are presently not sufficient to 
impact velocity 

justify the incorporation of MIV components into pro- The NHTSA goals mandate the development of new tech- 
duction vehicles. Further research on a broader scale with nology in conjunction with new test configurations and 

a broad range of vehicle types is required. The MIV devices for lateral and frontal impacts. 
project is an important step, but only one of many which 

--for greatest possible reduction in dummy loads 
must be taken in the complex research effort necessary 
to realize further increases in existing levels of passive 

--for lowest possible weight increase 

safety in real world lateral and frontal collisions. 
---consistent with current mass production methods. 

Initially several baseline side impact tests with unmod- 

INTRODUCTION ified vehicles were to be performed at 30, 35, and 40 mph 
to assess the dependency of impact velocity upon dummy 

The objective of the MIV project was to optimize two loadings and vehicle deformation. 

contradictory design considerations--the greatest possible The new HSRI Side Impact Dummy and the newly 

reduction in dummy loadings at the lowest possible ve- developed Crabbed Barrier (Figures 1, 2, and 3) were 

hicle weight increase (max. increase 20 lb/vehicle) with used. The deformable moving barrier was crabbed at an 

the precondition that the design be suited to mass pro- angle of 19°. The impact is intended to simulate a 60° car- 

duction, to-car side impact where the velocity of the striking ve- 

The MIV is by definition not a totally integrated con- hicle is twice that of the struck vehicle. 

cept as discussed and presented by Volkswagenwerk AG The initial tests were to constitute the basis for mod- 

during the Eighth ESV Conference or as demonstrated ifications to be derived to meet requirements for increased 
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F 

G 

A. Head Triaxial 
B. Upper Thorax (T1) Triaxia! 
C. Upper Sternum, Longitudinal 
D. Lower Sternum, Longitudinal 
E. Left and Right Upper Rib, 

Lateral 
F. Lower Thorax (T12), Triaxial 
G. Left and Right Lower Rib, 

Lateral 
H. Displacement Transducer 

I. Pelvis, Triaxial 
Figure 1. HSRI side impact dummy sid. 

LOCATION OF 18 ACCELEROMETERS 
i 

passive safety in the impact configuration defined in the 
MIV project. Impact angle: 60° 

Dummies: two 50% male HSRI at 

TEST PARAMETERS AND TESTS the impacted side, front 

PERFORMED and rear seating posi- 

tions, as delivered by 
NHTSA Test Parameters 

Protection criteria for the HSRI Side Impact Dummy 
All tests were run under the following conditions as were specified by NHTSA as: "Volkswagen shall use 

specified by NHTSA: measures so that the largest possible reduction in dummy 
--Side Impact: loads is achieved." 

Striking vehicle: simulated by the deform- --Frontal Impact: 
able Crabbed Barrier Impact speed: 35 mph 

Struck vehicle: 4 door VW Rabbit or Impact angle: 0° 
MIV Dummies: two 50% male Hybrid II on 

Impact point: I = (D + 6) / 0.8693 the front seats 
+ 1.5 (in) Protection criteria: FMVSS 208 

IMPACT POINT " 1:(D+6),/0,8693+1.5 (IN) 

Figure 2’ Side impact test configuration. Figure 3. Side impact test configuration point of initial 
contact. 

61 



EXPERIMENTAL SAFETY VEHICLES 

1500                       i~07~ ’6 
1500                    159516 

lOOO ~ 
1 sl 

sI 
H|C 

U,Thorax ~ Pelvis 

Head 

1200 ---                                       1200 
800 ~--~ ~- 

4 

600 ~-                      ,~                       900 -                                                                                     900 

~ 2 ,1 600 

400 
__ ~ 600 --    ~2 

300 i~.                          300 
200        ~1 ~ ~ 

0                                                0 
0      30         35         40                                       35         40                          30         35         40 

Test Speed (mph)                                 Test Speed (rnph)                               Test Speed (mph) 

Figure 4. Baseline side impact tests 1, 2, 4 and 6. Scatter determination. 

Tests Performed                             Scatter Determination 
The following side impact tests were conducted:            For scatter determination, tests 1 and 2 were performed 

at 30 mph, and tests 4 and 6 at 40 mph. The scatter for 

--Baseline Side Impact Tests with 4 door VW Rabbits driver dummy loadings is shown in Figures 4 and 5. The 
Test 1 

130I 

transformation of mechanical parameters to medical AIS 
Test 2 30 values (see Figure 5) is described and discussed in the 
Test 3 v = 35 mph paper of Richard M. Morgan and Hal P. Waters entitled 
Test4 

I~I 

,,Comparison of two Promising Side Impact Dummies," 
Test 6 presented at the Eighth ESV Conference. The transfor- 

--Side Impact Tests with 4 door MIV mation algorithm is still under development. In a com- 

Test 5 

130I 

parison of tests 1 and 2, the chest damper, modified by 

Test 7 v = 30 mph NHTSA, probably caused the greater portion of the scat- 

Test 8    t301 ter. In tests 4 and 6 the scatter was probably caused by 

Test 5: Side impact with the new MIV "Integrated the deformation element of the Crabbed Barrier. In test 

Structure" developed in this project and the 4 the element had slight exterior cracks, 

MIV padding. 

Test 7: Side impact with MIV padding only. 
Dummy Loading as a Function of the Collision Speed 

Test 8: Side impact with the MIV "Integrated The test results show that there is an increase in dummy 

Structure" without MIV padding, loads with increasing impact velocity if only the test re- 

suits from tests 2, 3, and 6 are compared (Figure 6). 

Baseline Tests Derivation of Modifications 

Baselin~ side impact tests were conducted for the fol- Analysis of the baseline tests led to the development 

lowing reasons: 
of the MIV for increased passive safety requirements in 

a) For determination of the scatter of dummy loadings specified side impacts. 

and vehicle deformation under identical test con- 
ditions VW STUDY FOR COMPLIANCE WITH THE 

b) To evaluate the dependency of dummy loadings and MIV REQUIREMENTS IN SPECIFIED 
vehicle deformation upon different impact velocities LATERAL AND FRONTAL IMPACTS 

c) For derivation of modifications for the increased 
passive safety requirements specified by NHTSA in The NHTSA goal to achieve the greatest possible re- 

this project 
duction in dummy loads, in keeping with the objective of 
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5 ~ 150 150 
AIS, B.- Par.! 

I I l aRes ( g ) 
Left Upper 

aRes( g ) 

Rib I I ! I 
U,Thorax Pelvis 

4 ~ 
120 120 

~ 90 90 

60 60 

30 30 

0              0                                                       0 
30          35          40                            30          35          40                            30          35          40 

Test Speed (mph)                                  Test Speed (mph)                                  Test Speed (mph) 

Figure 5. Baseline side impact tests 1, 2, 4 and 6. 

sI I 
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Figure 6. Baseline side impact tests 1, 2, 3, 4 and 6. 

lowest possible weight increase together with the prereq- 

uisite that the design be suited to mass production, re- 

quired the development of a new "Integrated Structure" 

for the MIV. This concept requires that the greatest num- 

ber of components be effective during frontal and side 

impacts. The "Integrated Structure" approach involving 

total redesign, rather than the less effective strategy uti- 

lizing add-on parts, is necessary to achieve the goals es-                                              ~ ...... 
tablished by NHTSA. 

The MIV Integrated Structure (Figure 7) was devel-                                           ~ ~ 
oped in conjunction with the unique combination of test 

configurations and test devices specified by NHTSA in 

this project.                                          Figure 7. MIV structure. 

63 



EXPERIMENTAL SAFETY VEHICLES 

(1) A - PILLAR (5) REAR DOOR 

1A WHEELHOUSE BEAM 5A DOOR BEAM 

1B A-PILLAR BRACE 5B DOOR LOCK MOUNTING 

1C HINGE TO A-PILLAR 5C SIDE WINDOW BEAM 
ATTACHMENT PLATE (6) FRONT STRUCTURE 

2B 
(2) B - PILLAR 6A UPPER BEAM 

~B 6A lC~B 7A ~-O 2A ~ SC 
2A WINDOW BEAM SUP. 6B LONGITUDINAL BEAM 

2B B-PILLAR BRACE (7) DOOR PADDING 
2C DOOR TO B-PILLAR 7A FRONT DOOR PADDING 

ATTACHMENT 7B REAR DOOR PADDING 

(5) SILL BEAM (8) STEERING SYSTEM 
5A DOOR BEAM AND 

SIDE SILL INTERLOCK 
3B SIDE SILL BRACING 

PLATE 

8 1A 3B 3A LA/~C2CSA 5B 
~.B *S (4) FRONT DOOR 

4A DOOR BEAM 
4B DOOR BEAM INTERLOCK 
4C DOOR LOCK MOUNTING 
4D SIDE WINDOW BEAM 

Figure 8. MIV structural components. 

The structural components (Figure 8) are: TESTS WITH MIV VEHICLES AND 

(1) /l-Pillar 
COMPONENTS 

tA Wheelhouse Beam Side Impact with MIV 
1B A-Pillar Brace 
1C Hinge to A-Pillar Attachment Plate 

The side impact (test 5) with the MIV incorporating 
the new "Integrated Structure" and MIV side padding 

(2) B-Pl’llar demonstrated a promising potential for reductions in 
2A Side Window Beam Support dummy loading (Figure 9). Structural deformation was 
2B B-Pillar Brace also reduced (Figure 10). The PAP values shown are part 
2C Door to B-Pillar Attachment of a new algorithm currently under development by 

(3) Silt Beam NHTSA to transform mechanical parameters into med- 

3A Door Beam and Side Sill Interlock ical AIS values. 

3B Side Sill Bracing Plate The reduction in dummy loadings cannot be reliably 

(4) ~ont Door 
attributed or assigned to individual MIV components be- 

4A Door Beam 
cause dummy loadings are dependent upon test param- 

4B Door Beam Interlock 
eters and many other factors including but not limited 

4C Door Lock Mounting 
to: 

4D Side Window Beam --force/deflection characteristic of the front structure 

(5) Rear Door 
of the striking car 

5A Door Beam 
--force/deflection characteristic of the side structure 

5B Door Lock Mounting 
of the struck car 

--force/deflection characteristic and dimensions of the 
5C Side Window Beam 

padding, and 
(6) Front Structure --free space between the dummy and the padding. 
6A Upper Beam 

Comfort is reduced and vehicle operability is impaired 
6B Longitudinal Beam 

by the padding selected and installed primarily under 
(7) Door Padding considerations of technical feasibility without emphasis 
7A Front Door Padding upon comfort or interference with operability. 
7B Rear Door Padding The demonstrated reduction in dummy loading with 

(8) Steering System the relatively low overall weight increase confirms that 
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Figure 9. Side impact test 5. 

an integrated approach is the only appropriate manner ding as used in test 5 but without MIV structural corn- 
to deal with contradictory considerations of increased ponents. The higher reduction of dummy loads using the 
levels of passive safety and low weight increase consistent "Integrated Structure" and the MIV door padding is ev- 

............ with current mass production methods. The extent to ident (Figure 11). 
which this potential can actually be realized will depend, 
in part, upon the performance of MIV structures in de- 

Side Impact with MIV Structure Only fined side impacts when struck by the stiffer MIV frontal 
structures developed for the 35 mph frontal fixed barrier The purpose of test 8 was to determine the effect of 
impact, the "Integrated Structure" without MIV padding on 

dummy loads (Figure 12). 

A comparison of tests 7 and 8 demonstrates that the Side Impact with MIV Door Padding Only 
left upper rib values in test 7 are lower, some upper thorax 

The objective of test 7 was to evaluate the potential for and the lower thorax and pelvis values are higher when 
reduction of dummy loads using only the same door pad- only the MIV padding is used (Figure 13). 

Baseline Vehicle MIV 
Figure 10. Side impact comparison of test 2 and 5. 
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Figure 11. Side impact test 7. 
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Figure 12. Side impact test 8: 

In general, MIV padding will be less effective than the Frontal Fixed Barrier Impact with MIV 
newly developed "Integrated Structure;" it also decreases 
occupant comfort and interferes with vehicle operability. The head-on fixed barrier impact was conducted with 

Reduction of the thickness of the padding for occupant the MIV at 35 mph (Figure 14). Working principles of 

comfort and non-impairment of vehicle operability will a new passive restraint system and a new steering system 

reduce the effectiveness of the "padding only modifica- were simulated together with the new "Integrated Struc- 

tion." ture." 
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Figure 13. Side impact test 7 and 8, 

Figure 14. Frontal impact with MIV. Impact Speed = 35 mph. 

The MIV complied in all respects with impact related c) To achieve the greatest possible reduction in dummy 
FMVSS (Table 1). loads 

d) Maintaining the objective that the design be suited 

to mass production. 

SUMMARY 

In Phase 1 of the MIV project, VW AG examined Tests Performed 
approaches which appear technically feasible for the 30 Five side impact tests were carried out with the 4 door 

mph side impact with the Crabbed Barrier and the 35 VW Rabbit at 30, 35 and 40 mph to ascertain dummy 

mph frontal fixed barrier impact under the following liT- response at increasing test velocities. 
iting conditions: Two of them were conducted with the 4 door Rabbit 

a) Maximum additional weight for the new structure at 30 and 40 mph in order to evaluate scatter in vehicle 

and restraint system modifications: G = 20 lb deformation and dummy loading. 

b) Maximum padding thickness without widening the One side impact was conducted at 30 mph in order to 

vehicle, considering seat positioning and near con- evaluate the effect of the MIV components. 

tact by the 95% male dummy In addition, each side impact test was conducted with 
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Table 1. Frontal Impact with MIV. components is estimated to be 25 lb. The estimated weight 

increase is in reference to a specific vehicle with a specific 

DRIVER PASSENGER engine/transmission concept from one manufacturer, 
without considering alternative concepts, or other com- 

[- HEAD HtC 554 659 ponents such as air conditioner, power steering, etc. 

i CHEST A r (G) (5MS) 58.1 40.3 Furthermore the crash test results obtained relate in 

sI 335 359 ......... each case to only one specific test. Even the tests in this 

~ 
: A r (O) (3MS) 465 48.2 project demonstrate that there can be a wide scatter of 

S~ 381 37! results under the same test parameters. Statements of 
~MUR ’_DAD k/~ (KN)__I 67/6.2 72/6.0 general nature or applicability with respect to existing 

production vehicles can only be derived from this program 
after tests with additional vehicle types have been com- 

only MIV structure and MIV padding to demonstrate 
pleted. Parallel studies should therefore be accomplished 

on a worldwide scale in order to obtain statements of a 
the influence of the individual MIV components. 

One head-on fixed barrier impact at 35 mph demon- general nature. This study should also include further 

validation of test procedures and devices. 
strates the effect of the MIV structure in conjunction with The test devices must be developed and manufactured 
increased frontal impact requirements, in accordance with the realities of crash testing practises. 

RESULTS CONCLUSIONS 
If evaluation is limited to tests 2, 3 and 6, an increase 

of dummy loads with higher impact velocity can be seen. The MIV demonstrated a promising potential for 

Evaluation of all baseline tests (Fig. 6) demonstrates 
dummy load reduction in the defined lateral and frontal 

that the scatter of dummy loads is greater than the in- 
impacts. 

fluence of test velocity. If tests 1 and 4 are excluded Comfort is reduced and vehicle operability is impaired 

because of difficulties with the deformation element (test by the MIV padding utilized in this project. 

4) and the new damper (test 1) modified by NHTSA, Further tests with a widened MIV incorporating MIV 

repetition of these tests is necessary in order to be able padding must be conducted to evaluate the effect of in- 

to provide more information about the magnitude of scat- creased distance between dummy and side padding, re- 

ter. quired for comfort and vehicle operability, upon dummy 

Comparison of the side impact tests 2, 5, 7 and 8 at loads and to test the Phase 1 results achieved with closer 

the same test velocity with baseline vehicle, MIV vehicles dummy/padding proximity. It must be emphasized that 

and components clearly demonstrates that the best overall 
increase in overall vehicle width will necessarily affect 

results in reduction of dummy loads were achieved with vehicle weight, payload, aerodynamic drag and other coef- 

the combination of MIV structure and MIV padding. It ficients, fuel consumption and possibly consumer ac- 

must be noted, however, that the padding configuration ceptance. 

utilized represented a reduction of occupant comfort and The dummy load reductions were achieved with a rel- 

impairment of vehicle operability, atively low overall weight increase and in accordance with 

Widening the MIV by 140 mm for improved comfort current mass production methods. In view of universally 

and no impairment of vehicle operability in order to com- accepted considerations of fuel economy and economic 

pensate for the 70 mm door padding would, however, use of resources, additional weight should only be incor- 

probably further increase dummy loadings. In wider ve- porated in vehicles where associated advantages clearly 

hicles occupant loading may be higher because of the outweigh all associated disadvantages and it is assumed 

greater distance between dummy and padding. This by- that available restraints are used. The use of occupant 

pothesis would have to be tested in appropriate vehicular restraints available today and required to be used in 30 

impacts, countries, is a prerequisite for the achievement of in- 

The head-on fixed barrier impact was carried out with creased passive safety through the incorporation of MIV 

the MIV at an impact velocity of 35 mph. The working structures and components. The frontal fixed barrier im- 

principles of a new passive restraint system and a new pact at an increased velocity of 35 mph can otherwise 

steering system were tested in conjunction with the newly lead to an overall decrease in passive safety levels if avail- 

developed "Integrated Structure." The test results dem- able restraints are not employed because frontal structures 

onstrated compliance with all Federal Standards associ- will necessarily be stiffer and produce correspondingly 

ated with the frontal fixed barrier impact, higher loadings in other impact types. 

Considering secondary weight, which is necessarily re- The correlation between dummy loading and occupant 

quired in order to correspondingly stiffen load bearing injury must be established in order to permit statements 

structures and the chassis, the added weight of the MIV applicable to real world accidents to be made and to justify 
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incorporation of the MIV components tested into pro- No single isolated measure but rather only Integrated 
duction vehicles. Concepts considering all previously described limiting 

Further research on a broader scale with a broad range conditions can be the proper means to achieve further 
of vehicle types is required to verify and correlate dummy increases in overall vehicle safety. The Integrated Struc- 
loads and occupant injury with proposed test configu- ture with MIV padding of the Research MIV where the 
rations and real world accident experience. Important greatest number of components is effective during frontal 
considerations of vehicle compatibility cannot be ignored, and lateral impacts is the only aspect considered in this 
Furthermore the influence that MIV components will project. 
have upon fuel consumption and the economic use of The MIV project is an important step, but only one of 
other resources, vehicle operability, comfort and purchase many which must be taken in the complex research effort 

............ price must be studied in detail before statements of general necessary to realize further increases in existing levels of 
applicability can be made. passive safety in real world lateral and frontal collisions. 

SVAR Alfa Romeo Synthesis Vehicle 
Alfa Romeo 

THEME OF THE SVAR PROJECT such as the small turbo-diesels with direct injection. U1, 
tralight prototype vehicles utilizing high-cost advanced 

In the early 70s, projects were initiated on an inter- 
techniques are another approach to reduce consumption 
and retain performance. 

national scale to improve the passive safety of vehicles. 
Finally it should be remembered that the car user, while At first it was important to find a solution to set objectives, 

he instinctively considers the passive safety of his vehicles 
overlooking the effect of weights, costs, and/or results of 

important, remains very sensitive to the cost of fuel which production problems, 
represents a large percentage of the overall cost of the The sudden deterioration in world energy emphasized 
car’s operation. the consumption reduction issue alongside the passive 

Alfa Romeo, in order to further its contributions to safety of passengers--protection of drivers and pedes- 
the research conducted so far, is using a base vehicle and .............. tfians, pollution limits, etc. 

...... The contemporary solution to these problems was not placing large demands for a series of improvements with 
the simultaneous objectives of reduction in fuel con- easy since most engine and structural projects are by 

nature in direct opposition to the demands of energy sumption and increasing the levels of passive safety. 

saving. An Alfasud has been used to meet these objectives: 

To this end, new research vehicles were sought to in- ¯ determine fuel economy benefits utilizing today’s 
tegrate the various concepts, technology, which could allow for fast adaptation to 

Under the ever-present pressure for fuel savings there large production. 
are prototypes which address only this objective. Recently ¯ the performance and handling characteristics must 
we have seen aerodynamic research vehicles with some remain unchanged. 
exceptional Cx numbers between 0.20 and 0.30. Engines ¯ obtain results to optimize the characteristics of pas- 
with extremely low specific fuel consumption are seen, sive safety. 

BASE OBJECTIVES 

PERFORMANCE 

Maximum Speed not below the standard base vehicle 
Acceleration 

0 --~ 100 km/h from stop 
0 --~-1000 m from stop 
0 ~1000 m in 5th gear not below the standard base vehicle 

starting from 40 Km/h 
Fuel Consumption (ECE A70) 

90 km/h 20% reductions as compared to base vehicle 
120 km/h 20% reductions as compared to base vehicle 
Urban 25% reduction as compared to base vehicle 
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PASSIVE SAFETY The dummies used for the tests were the Hybrid II type 

Forecast verification tests 
conforming to Part 572. 

¯ 30° frontal impact at 65 km/h against barrier Injury criteria for occupant protection and pedestrians in 
¯ lateral car-to-car collision at 50 km/h impact tests: 
¯ impact at 50 km/h by 1800 Kg by moving barrier 

¯ rollover at 50 km/h (control of fuel losses and ¯ Head : HIC < 1000 

dummy retention) ° Chest : max acc. < 60 g/3 ms 

¯ pedestrian impact (adult or child) at 24 km!h ° Femur : max axial force < 1000 dN 

Performance required according to the following table: 

Frontal Lateral Roll Rear 
Impact Impact Over Impact 

Injury level o o o 

Doors must remain closed o o o o 

during impact 
One door must be operative o o o o 

following impact 
Possibility to remove dummies o o o o 

by hand following impact 
No fuel leakage o o o o 

Absence of fire o o o o 

Total containment of o o o o 

occupants during impact 
No failure of seat anchorages o o o o 

RESEARCH PATHS effort to reduce fuel consumption, while leaving the han, 

dling qualities and occupant protection levels the same \ 
The basic objectives or goals of the research have been as those of production Alfasud vehicle. 

addressed according to the following groupings: The SVAR instead is the final product combining ben- 

, To lower fuel consumption efits of the ESVAR with those of improved passive safety 

° Adoption of a high efficiency engine by means of select reinforcement of the structures. 

° Optimization of gearbox and final drive ratios 
o Lowering the aerodynamic drag-coefficient REFERENCE VEHICLES 
¯ Weight reduction 
° Reduction of rolling resistance One must take into consideration that a production 

¯ To increase safety 
Alfasud vehicle offers these principal characteristics: 

° Reinforcement of the front structure for improved Vehicle Body 
frontal oblique impact resistance 

¯ Reinforcement of the rear structure to provide im- 
¯ ¯ Front wheel drive. 4 cylinder opposed engine posi- 

proved energy absorption during rear impact 
tioned longitudinally 
¯ Overall length 3995 mm 

¯ Reinforcement of doors to reduce intrusion during 
¯ Overall width 1590 mm 

car-to-car impact ¯ Wheelbase 2455 mm 
° Reinforcement of the windshield header area and ° Track, front 1390 mm 

addition of a roll bar in the central roof zone 
¯ Track, rear 1360 mm 

° Spoiler installation on engine compartment hood to ° Empty weight (DIN) 905 kg 
protect pedestrians 

Engine 
MODIFIED VEHICLES ¯ Flat four 

In order to carry out the required analysis, a vehicle ° Bore 84 mm 

was built which only included those features which tended ° Stroke 67.2 mm 

to reduce fuel consumption (as indicated by the ESVAR- ¯ Displacement 1490 cm3 

Energy Savings Vehicle Alfa Romeo), and another vehicle ¯ Compression Ratio 9.5 : 1 

was developed to offer higher levels of people protection ¯ 2 carburetors, each with twin throats 

(SVAR-Synthesis Vehicle Alfa Romeo). ¯ Maximum power DIN 70 KW (95 Cv) (6000 rpm/ 

The ESVAR vehicle is to be considered a transitory 1’) 
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. Maximum torque DIN 130 Nm (13.3 kgm) (3500    Conformity with Emission Standard 
rpm/l’)                                          . ECE 15.03-78/655/EEC 

Driveline Conformity with External Noise 

o Single dry disch clutch o ECE 51-81/334/EEC 
o 5 speed transaxle 

Ratios 
FUEL CONSUMPTION REDUCTION 

1st 1 : 3.75 
2nd 1 : 2.05 HIGHER EFFICIENCY ENGINE 
3rd 1 : 1.38 
4th 1 : 1.02 After recent successful experiences by Alfa Romeo, it 

5th 1 : 0.82 was decided to prepare a small number of Alfasud boxer 
engines with a microprocessor controlled electronic fuel 

o Final drive ratio 3.54 : 1 (11/39) injection and ignition system (C.E.M.) developed by Alfa 
Romeo. 

Performance Air fuel ratio and spark advance optimization in the 
o Maximum speed 174 km/h 

whole engine operating range, correction for coolant and 
o Acceleration air temperatures, and fuel cut off during coast down 

0--~ 100 km/h from stop 10.70 s 
ensure overall enhancement of engine efficiency and 

0 --~1000 m from stop 32.40 s 
improved fuel economy. High accuracy of the 

0 --~1000 m in V from 40 km/h 40.65 s microprocessor controlled ignition system made possible 

Suspension and Tires a compression ratio of 10.2:1. Work in process with 
knock sensors will hopefully bring this ratio to a higher 

¯ Front suspension is McPherson struts and stabi- value. The Complete Electronic Management System is 
lizer bar programmed to permit a "modular" mode of operation: 

¯ Rear suspension is a solid axle located by a Watt that is to say, the engine operates on 4 or 2 active cylinders 
link and Panhard rod according to the load conditions required by the driver. 

¯ Tires are 165/70 SR 13, wheel 5J 2 cylinder operation is achieved simply by shutting off 

Fuel Tank fuel injection in 2 of the 4 cylinders. In this way, the 
overall efficiency of the engine operating at varying low 

¯ Beneath rear seat, forward of rear axle loads and at idle increases considerably. As low load 

Vehicle Fuel Consumption operation and idling are very frequent in city driving, the 
final result is better fuel economy in these conditions. 

¯ Consumption ECE Going on with the engine description and the schematic 
90 km/h 6.2 

on the following page, we see (Fig. 1) injectors, and major 
L/100 km (37.9 mi/U.S, gal) engine components. 

120 km/h 8.1 

L/100 km (29.0 mi/U.S, gal) 
Urban 10.6 

L/100 km (22.2 mi/U.S, gal) 

Compliance with European Standards for Passive Safety 

The vehicle satisfies all European Standards in effect, 
including these: 

¯ Steering system 
Reg. ECE 12 
Directive 74-297/EEC 

¯ Seat belt anchors 
Reg. ECE 14.01 
Directive 81/575/EEC 

¯ Seat anchors 
Reg. ECE 17.01 
Directive 81/577/EEC 

¯ Visibility 
Reg. ECE 46 
Directive 79/795/EEC Figure 1. CEM engine. 
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1. Electronic Control Unit (ECU) 9. Fuel tank 

2. Electroinjector 10. Electric fuel pump 

3. Ignition coil 11. Fuel filter 

/ 4. Distributor 12. Fuel pressure regulator 

......... 5. Intake air temperature sensor 13. Solenoid-actuated valve,, 

"~ ~ ~f,3 

6. Coolant temperature sensor 14. Throttle actuator 

5 ~ 

~ 
~T~. ~ ~ 

7. Spark plug 15. Engine speed sensor 

~"~ ..... ~) 1 /~j -~ 8. Throttle angle sensor 16. Engine phase sensor 

14                          : 

Figure 2. General layout engine. 

The en~ne is fitted with the Complete Electronic Man- The idle actuator is useful on the 4 active cylinder 

agement, and can be seen in Figure 2 with its control CEM to secure constant idling speed under all conditions, 

box, sensors, and actuators, but is essential for the "modular" mode of operation 

The sensors are for: because maintaining idling speed with only 2 active cyl- 
inders requires wider throttle angles than would be with 

¯ throttle angle 
4 cylinders in operation. 

¯ engine speed 
Flexibility of the system is such, that it was possible 

¯ engine phase 
to develop the "modular engine" algorithm to achieve 

¯ coolant and intake air temperature 
these interesting features: 

¯ the passage from 2 to 4 cylinders and back to 2 is 
These sensors supply information to a digital micro- 

quick and smooth. 
computer, based on an 8-bit microprocessor which, on ¯ 4 cylinder operation continues until the engine is 
the basis of calculations, algorithms and memory maps warmed up. 
(program and mapping occupy 6 K bytes) drives the ¯ when the engine is running on 2 cylinders the two 
following actuators: pairs change after a certain time and the accelerator 

¯ 4 electroinjectors for fuel metering is released in order to provide even temperatures in 

¯ 1 special coil for spark advance the engine and its combustion chambers. The driver 

¯ throttle actuator to control engine idling speed is not aware of this pair switching. 
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¯ to ensure good driveability when starting from stop, OPTIMIZATION OF FINAL DRIVE RATIO 
a program provides 4 cylinder operation. For fast 

acceleration 4 cylinder operation continues until the With the intent to operate the engine in conditions 
......... change from 1st to 2nd gear is made. more favorable for lower fuel consumption, a more direct 
............... (longer) ratio was selected (3.15 compared to 3.54). 

Below is a comparison of the overall drive ratios: 
This electronic controlled fiat 4 Alfasud engine has the 

following specification:                                                                 Krn/h/1000 rpm 
Ratio 

3.15      3.54 
displacement 1490 cc 

4th Gear 32.39 28.29 
........... 5th Gear 40.29 35.23 max power (5400 rpm) 

70 KW (95 Cv) A performance comparison between the base vehicle 

max torque (3500 rpm) and the modified vehicle can be seen in the test results. 

133 Nm (13.5 kgm) 
DRAG REDUCTION 

......... In Figure 3 the B.S.F.C. map of this engine is shown Aerodynamic research has been carried out in the Pin- 
as it relates to 4 cylinder operation, infarina Wind Tunnel facility. 

Figure 4 demonstrates the difference in B.S.F.C. while The steps from the original configuration to that of the 
operating in the modular mode. Notable is the benefit of final are these: 
reduced consumption during low speed operation typical baseline (S = 1.7!4 m2 

.......... of city use, as well as suburban trips at moderate speeds vehicle 

ICx 

= 0.423 
............ (< Km/h). Scx = 0.725 m2 
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Figure 31 B.S.F.C. map 4 cylinder operation. 
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Cx benefit 
¯ structural resistance of the body/chassis could not 

be changed in any way that would cause a compro- 
¯ Front air dam optimization 0.014 mise to the basic objective of improving occupant 
o Spoiler 0.037 
¯ Wheel housings 0.006 protection. 

¯ Nose and cooling air inlet 0.012 The final results are shown here: 
° Platform underside modifications 0.005 
° Front door deflectors 0.021 * Body Reduction kg. 27,500 

Total gain 0.095 * Engine Reduction kg. 6,000 
¯ Mechanical components Reduction kg. 35,500 
¯ Interior & trim Reduction kg. 12,000 

Final values of (S = 1.714 m2 * Spoiler, air dam, deflectors, etc. 

aerodynamically 

lCx 

= 0.328 Increase kg. 4,000 

improved vehicle Scx = 0.562 m2 Total weight saved kg. 77,000 
Weight saving as compared to baseline vehicle 8.4% 

Drag reduction 22.5% 

REDUCTION OF ROLLING RESISTANCE 

Figure 5 shows a typical curve for tire roiling resistance 
on an average vehicle, where 30% of the total resistance 

still remains at 80 km/h. 
The ESVAR and SVAR vehicles are equipped with 

Pirelli P8 tires 165/65 R 14 on 5~ J X 14 wheels which 
permit high levels of active safety, durability, comfort, 
and which reduce the power lost to rolling resistance. 

The characteristics of these tires are a lower section, 
use of newly formulated materials both in the carcass and 
tread. A particular tread design is employed. 

Figure 6 shows the reduction of rolling resistance be- 
tween traditional cross-ply, radial steel belted, and the 

new P8 tires. 

R pneumauco 

R totale 

80- 

ot -- Figure 4. Map of final B.S.F.C. reduction achieved with 0    2~0 4~0 6~0 ~0 100    120 
C.E.M. modular Engine. 

Figure 5. Rolling resistance. 

WEIGHT REDUCTION 

Efforts at lightening have been made generally through- IMPROVEMENT OF PASSIVE SAFETY 

out the body, with the following limitations: CHARACTERISTICS 

o weight reduction could not cause a compromise in The new objectives created a need to improve passive 

complying with European safety standards for the safety performance by strengthening body structures, 

ESVAR vehicle, which normally result in weight increases. 
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The weight gain limits were developed as follows: 
ROLLING RESISTANCE %0 

22 

20 "" platform modifications consisting of reinforcing lon- 

~/-" 
gerons in the forward portion with stiffening webs be- 

18 -... - / /..-~ I" neath the pedal zone 

1 Weight penalty + 6.3 kg 
CROSS PLY 

¯ Car-to-car-lateral collision 
14 

[ [ ~..... ~ ~- reinforcing door beams and strengthened "A" pillars 
I 1 Weight penalty -~ 25.0 kg 

t2 STEEL RADIAL 

!0 ¯ Rear impact at 50 km/h 

rear reinforcement of the platform by longerons 

Weight penalty                           ÷ 8. 7 kg 

6                                   ’ 
0 2O 4O 60 8O 100 t20 t40 160 . Rollover at 50 km!h 

SPEED Km, n addition of header zone reinforcement and roll bar in 

Figure 6. Rolling resistance for various types of tires (source 
center zone 

Pirelli). Weight penalty + 2.0 kg 

This weight increase was clearly in contrast with fuel 
saving efforts and therefore much effort was spent to o Weight increase due to aerodynamic modifications 

maintain any weight gain within small limits by the use ~ 12. 0 kg 

of aluminium alloy in some components. Total weight gain 54 kg 

Figure 7. Shows the additional reinforcement required. 
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Modified vehic es characteristics 

Baseline 
Vehicle ESVAR SVAR 

Engine 1490 cm3 Carburetors Complete Complete 
Electronic electronic 

management management 

Final drive ratio 3.54 3.1 3.1 

Weight DIN (Kg) 905 828 882 

Coeffic. Cx 0.423 0.328 0.328 

Tires Standard Low rolling Low rolling 

production resistence resistence 

MAIN FEATURES OF THE ESVAR AND PERFORMANCE AND FUEL 
SVAR VEHICLES CONSUMPTION 

On the table we have summarized the modified char- ESVAR VEHICLE 

acteristics as compared to the base vehicle. We remember Performance 
that the lightening of the body/chassis has been volun- 

Baseline 
tarily limited, in order not to jeopardize the safety tests Vehicle ESVAR 
to which the vehicle would have undergone after the --Top speed, 4th gear 174 > 185 
addition of the reinforcements. Km/h 

Figure 8 depicts the General Layout of the SVAR as --Acceleration from stop 
defined. In evidence are the details of the aerodynamic from 0 to 100 Km/h-sec 10.70 9.80 

improvements such as air dam, spoiler, and door window mfrom 0 to 1000 m - sec 32.40 31.12 

deflectors, 
mAcceleration in 5th gear 

from 40 Km/h-sec 40.65 41.60 

Figure 8. 

76 



SECTION 3: RESULTS OF ESV/RSV DEVELOPMENT 

Weight saving and aerodynamic advantages can be seen 

in the acceleration times and maximum speed. 

Acceleration from 40 km/h in fifth gear, due to the 
.......... longer final drive ratio, now requires 41.60 seconds, or 

............ 0.95 seconds longer than the base vehicle. This perform- . ," 

ance is still considered acceptable. 

I 
Fuel consumption - 1/100 Km 

ESVAR 
Base vehicle vehicle 

............ 90 Km/h constant 6.2 4.9 
120 Km/h constant 8.1 6.3 
Urban cycle 10.6 7.8 

Figure 9. 
¯ Fuel consumption 

The saving has been 13.2% between the base vehicle 

......... Here the fuel saving feature of the modular mode, when and the ESVAR 4 cylinder. Accounting for a 5% longer 

operating on 2 cylinders, can be seen as a considerable final drive and complete electronic management of the 

reduction in the 70 km/h range, engine (injection + ignition) a saving of about 8% can 

At 90 km/h the fuel saving advantage is about 20%, be seen in a simulated ECE cycle. 

increasing with speed up to 22% at 140 km/h. In the modular mode, the data shows a reduction down 
to 7.8 liter/100 km which yields an overall fuel saving of 

¯ Fuel consumption during the ECE urban cycle 26.4% as compared to the base vehicle. 

If the "effect of the longer final drive" is dropped out, 
Below are the results obtained with engines in 4 cylinder 

then the modular mode itself will yield a saving of about 
and modular modes. According to the ECE standard, the 

inertia weight used on the base vehicle and the ESVAR 
21.4%. 

are equal, since the weight reduction has not been suf- 
Overall, it is interesting to note that the difference 

ficient to permit the use of a lower inertia weight class, 
between the constant 4 cylinder mode and the modular 

mode is 15.2% (from 9.2 to 7.8 1/100 km). 
Therefore the benefits are derived from the engine and 

the longer final drive ratio. SVAR VEHICLE 

Fuel consumption - ECE Urban cycle -1/100 Km 

Base vehicle Vehicle ESVAR Performance 

ESVAR SVAR 
Mode 4 vehicle vehicle 
cylinder Mode modula~ 

mTop speed, 4th gear      > 185 > 185 
10,6 9,2 7,8 mAcceleration from stop 9.80 10.10 

The saving has been    (injection + ignition) a from 0 to 100 Km/h-sec 
13,2% between the base saving of about 8% can from 0 to 1000 m - sec 31.12 31.50 (1) 
vehicle and the ESVAR be seen in a simulated ~Acceleration in 5th gear 41.60 42.65 (2) 
4 cylinder. Accounting ECE cycle, from 40 Km/h -sec 
for a 5% longer final In the modular mode, the 
drive and complete elec- data shows a reduction 1) The higher time of the SVAR is attributed to higher 
tronic management of down to 7,8 litri/100 Km 
the engine which yields an overall 

weight. 

fuel saving of 26,4% as 2) The fifth gear acceleration time of 42.65 sec as corn- 

compared to the base’ pared to 40.65 sec of the base vehicle is due to the 

vehicle, final drive ratio, 

If the << effect of the 
longer final drive >> is Consumption -I/!00 Km 
dropped out, then the 
modular mode itself will ESVAR SVAR 

yield a saving of about vehicle vehicle 

21,4%. 90 Km/h 4,9 5,1 

Overall, it is interesting to 120 Km/h 6,3 6,4 

note that the difference ECE Urban cycle 7,8 7,8 

between the constant 4 
cylinder mode and the During constant speeds the difference is due to the 

modular mode is 15,2% heavier weight of the SVAR, while in the urban cycle no 
(from 9.2 to 7.8 1/100 Km). difference is seen due to the same inertia weight class. 
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SAFETY TESTS Verified all performances: doors were kept closed upon 

collision, unable to close or open left front and rear doors, 
OBLIQUE FRONTAL IMPACT no leakage in the fuel system, etc. 

The results obtained during frontal impact at 65 

km/h against a fixed barrier at an angle of 30 degrees 
ROLLOVER 

to the trajectory of the vehicle are: 

SVAR vehicle, two dummies Hybrid II retained by 

Driver Passenger active belts. Rollover at 50 km/h, 

dummy dummy 
--no opening of doors 

HIC 360 384 
--possibility to open doors after impact 

Dummy head max acc. --no dummy ejection 
g/3ms 49 61 ~ --no fuel leakage 

Dummy chest max acc. 
--no fire 

g/3ms 43 30 

Dummy femur max load 
left, right 308/455 168/60 

dN PEDESTRIAN IMPACT 

The SVAR has impacted at 25 km/h a Part 572 Hybrid 

Verified the required performances during the impact: II adult dummy and 6-year-old dummy. 

i.e., doors remains closed, no fuel leakage, no fire, etc. Injury levels: 

REAR IMPACT 
Adult Child 

1800 kg moving barrier rear impact at 50 km/h two HIC 290 78 

dummies, left front and left rear, retained by active beltsl Max head acc. 

Results injury levels: g/3ms 58 36 

Max chest acc. 
g/3ms 29 22 

Driver Passenger Max pelvis acc. 
dummy front dummy rear g/3ms 20 35 

HIC 51 26 

Dummy head max acc. 
gi3ms 30 14 

Dummy chest max acc. ACTIVE SAFETY 
g/3ms 51 13 

The optimal characteristics of stability, handling, and 

Performances required positively verified: non-opening 
braking of the vehicle have been checked by usual Alfa 

doors, fuel leakage, rear car deformation (changement 
Romeo standards and based on the subjective evaluation 

point H versus front 7 ram). 
of expert staff test drivers, as well as by specific instru- 

mentation tests. 

The dynamic behaviour of the SVAR has proven pro- 
LATERAL IMPACT CAR TO CAR ficient, as expected, and therefore acceptable. In our opin- 

Target SVAR impact velocity 50 km/h. Collision angle ion the vehicle can be easily controlled by drivers of 

90 degrees; SVAR car equipped with three dummies Hy- different abilities and experience. 

brid II, two in the front, the third in the rear, with active 
Though the complete RSV program could not be corn, 

belts, pleted due to reasons of time, space, proving grounds, 

Results: and/or equipment availability (i.e., simulated lateral 

wind), "open loop" tests were nevertheless conducted to 

show: 

Driver Front Rear 
dummy dummy dummy --lateral adhesion 

HIC 47 98 261 
--handling 

--braking 
Dummy max 

acc. g/3ms 30 35 67 Active safety testing is done by expert staff test drivers 

Dummy chest max at Alfa Romeo’s Proving Grounds in Balocco, where the 
acc. g/3ms 45 54 19 ASTM skid number ranges from 70 to 80. 
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For the tests the vehicles are instrumented with: 

>. 25 ~’ SVAR Hardware Measured Parameters 

stabilized inertial platform lateral acceleration 
~ 20 

rate gyro angular velocity yaw angle 0 
electrical transducer steering wheel angle ~- DATA N. 76 
electrical transducer drift angles ~ --1 
optical sensor vehicle velocity and 

stopping distance 2i 10 r-] 
pressure transducer brake pedal force 

Handling and lateral adhesion tests are performed with 

the vehicle loaded to 60% of its max gross weight. 

For braking tests, vehicle loads are 60% and 100% 
1 2 3 4 5 6 XlOa 

STABILITY FACTOR K (s2/m2) 

........... LATERAL ADHESION Figure 11. Stability factor histogram, k at 0.4 g lateral 
........ acceleration. 

¯ Response rate 

For checking the behavior rates of the vehicle, tests HANDLING 
are done on circular pads at the speeds and lateral adhe- 

sion (g) required. ¯ Maximum lateral acceleration 

............ Figure 10 shows the yaw response at lateral acceleration The scope of this test is to measure the highest lateral 
rates of 0.4 g for steering angle of the wheels; the ratio acceleration with various tire inflation pressures. 
between the steering wheel angle and steering gear ratio 

The lateral acceleration values measured are not nec- 
is used. essarily the highest achievable, but are above those re- 

Values measured are within prescribed limits, quired anyway. 
The test results permit an interpretation in terms of a 

"stability factor" K. 

The figure resulting from the SVAR characterizes a Surface Tire Lateral Acc. 

"stability factor" between 2 and 3.10-3 seca/m2. Pressure Required Measured 

These values are indicative for an average vehicle in Design 
terms of understeer. (Fig. 11). value 0.60 > 0.75 

120% 0.60 > 0.75 
¯ Steering pad Dry 80% 0.55 > 0.7 

Data are taken from the vehicle as to its behavior rates 
!20% front 
80% rear 0.83 >0.7 

on a radius of 37.5 m up to the point of where front end 80% front 
loses adhesion. 120% rear 0.59 > 0.7 

Figure 12 illustrates the relation of the steering angle 

to the lateral acceleration. 
This is indicative of the high acceleration level to the 

progressive behavior of the4Gvehicle’cAT. ACC. 

#1 ~’ a0 I OVERSTEER 

¯ ,~’,\\\~ .05               NEUTRAL STEER 

20 j UNDERSTEER K = stability factor (s~/m~) 

40 80 t2o LAT. ACCEL. (G) 

Figure 10. Yaw response rate. Figure 12. Steering angle response rate (radius 37.5 
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.~    30 rn 

300 rn,,-"-~ 

¯ Slalom Initial velocity is 96 km/h on a braking lane 3.7 m 

This test is performed over a course of 300 m with 10 wide. 

pylons spaced 30 m apart. 
As demonstrated in Figure 13, the vehicle is charac- 

The slalom average speed is above the minimum re- 
terized by a braking distance much lower than that re- 

quired, during tests "overturn" was never verified, 
quired. 

As well, the vehicle did not deviate from its path, 
stopping in a straight line without wheel lock-up. 

Minimum average velocity                  ¯ Braking in curves 
Required Measured This test is carried out only using the complete baseline 

80 Km/h 90 Km/h system. 
The vehicle, while travelling at 64 km/h on a 108 m 

circular track (0.3 g lateral acceleration) is stopped in a 

BRAKING 
distance much shorter than that required (Fig. 14). 

The vehicle is characterized by a minor deviation from 
o Braking straight-line its circular path, which is easily corrected by a slight 

Straight-line braking distances are measured three 
steering correction. 

times for each test condition: 

° complete baseline braking system ~ R V S SPECFICATION 
° system without servo 
, system without front circuit ~ SVAR RESULT 

¯ system without rear circuit 

R S V SPECiFiCATION clockwise 

...... SVAR RESULT 

normal 
~ counter 

[~ system 
clockwise 

operation 

[~ booster ] 10 20 30 

failure F . ~ 
STOPPING DISTANCE (m.) 

Figure 14. Braking in curve--stopping distance. 
rear ~ brake 
failure ~i I 

CONCLUSIONS 
front 

[~ brake - ] A production vehicle can show reductions in fuel con- 
failure ~ 

sumption while not altering the philosophy or criteria for 
occupant protection. 

5o f0o is0 Almost all for the modifications done on the ESVAR 
are possible using today’s technology. 

STOPPING DISTANCE (m.) 

There is evidence of rather important cost/investment 
Figure 13. Stopping distance--straight line. problems. Some solutions of "controlled economy" could 
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permit introduction to production in short or medium 
terms. Other solutions require consideration of cost/ben- 

efit. Certain applications may be valuable as "image" for 
the manufacturer and therefore beneficial. Much depends, 
in the end, on the eventual cost increase of petroleum 
and on technological developments which today are very 
costly. 

The SVAR was constructed to obtain indications of 
solutions which could be further studied in order to op- 
timize occupant protection. 

It is worthwhile to underline the fact that the ESVAR 
vehicle is, in the end, slightly lighter than the base vehicle. 
It is equipped with all of its devices and inherits as well 
the advantages of low fuel consumption. 

The results obtained are significant for future designs 
ESVAR that have requirements for improved protection with a 

minimum increase in weight and cost. 

From these lessons, it is seen that about 30% of the 
weight gain could be eliminated by rationalizing the struc- 
ture. 

Overall results of the safety tests indicate that it is 
necessary to continue the research, obtaining more data 
for future rational projects. 

With this last note we conclude the Alfa Romeo report 
on the studies of today’s need to reduce fuel consumption 
and occupant protection, concluding that it is possible to 
achieve progress in a light compact vehicle, while retain- 
ing the performance objectives which in the original 
vehicle were quite high. 

The research continues. 

APPENDIX 
SVAR 

MAIN TECHNICAL DATA 

Base vehicle ESVAR SVAR 

Overall length mm 3995 
Overall width mm 1590 
Wheelbase mm 2455 
Front track mm 1390 
Rear track mm 1360 

Empty weight (DIN) Kg 905 828 882 

Engine: flat 4 
Bore mm 84 
Stroke mm 67,2 
Displacement cm3 1490 
Compression ratio 9,5:1 10,2:1 t0,2:! 
Max power DIN - KW/rpm/l’ 70/6000 70/5400 70/5400 
Max torque DIN Nm/rpm/l’ 130/3500 134/3500 134/3500 
Clutch single dry disc 
Transaxle 5 speed 

t : 3,75 
I : 2,05 
t11:!,38 
IV : 1,02 
V : 0,82 

Axle ratio 3,54:1 3,t : 1 3,! : 1 
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The German Research Car Project 

KLAUS H. BUROW point of view will be presented, whereas in the following 

TOV Rheinland, KOln three papers of this Conference, emphasis is laid on pas- 
sive safety features of the research cars. 

JORGEN BANDEL In contrast to other projects which aimed at only one 

Federal Ministry for Research field of automotive technology this project (Fig. 2) was 

and Technology, Bonn set up to cover the full range of development needs. 
It was mainly to demonstrate future technology with 

the potential to meet the whole range of conflicting de- 
mands on future vehicles. The presented technologies 
should have the potential for large series production. 

The paper presents results of the German research car Beside the mandated average 30% improvements and 

project. Four prototype cars were built by Audi NSU, the general requirements (Fig. 3), it was open to the 
Daimler-Benz, Volkswagen and a group of high school companies to compensate a smaller improvement in one 
institutes. Technical details of the prototypes are de- field by a higher et~ciency in another field. Thus the 
scribed which were chosen to meet the project goal of an competitors were enabled to concentrate more on one 

integral improvement in safety, energy and resource con- special field of their interest, or to set priorities particular 
servation, environmental compatibility, economy and util- to the company’s production politics. 
ity. Audi NSU (Fig. 4) tried to meet the goal with tech- 

nologies of the next t0 years. Focal points of interest were 
vehicle body structures and use of alternative materials. 

mDaimler-Benz emphasised the development of a ce- 
In 1978 the German Ministry for Research and Tech- ramic gas turbine for a large size limousine and the 

nology started the research car project (Fig. 1) in order implementation of features for driver’s aid and corn- 

to determine the technological potential of a combination fort. 
of the most promising individual solutions, thus devising --The university group focussed on exterior effects of 

an integral concept of a passenger car of the future, automobiles, i.e., emission of noise and exhaust gas 

The fundamental ideas of this project and some tech- as well as safety-measures for pedestrians and cycle 
nical details were reported on the 8th ESV Conference riders. 
in Wolfsburg, 1980. The project ended September 1982; Volkswagen ranked economy and utility highest; an- 

most results of the demonstration and evaluation phase other focal point was use of alternative materials. 

are to be reported in a short time. 
In this paper, some results from a more generalizing In the following some general trends and results are 

shown. 

Das Prolekt Forscht.,,tgs - Pkw des BMFT 

The Project Resesrch Car of the German 
30% Verbesserung bei 

Ministry for Research and Technology 

I nvit~tion for proposals -- Sicherheit 

~Eva~uat~ 

lDeve~o~.~.l 

-- Energie - und Ressourcenverbrauch 

!Phase t JiI Preparati°n ~f specificatiOn lists 
-- Umweltschutz 

z),tnterrnedlatepresentationGFMRT -- Wirtschaftlichkeit und Nutzwert 

Vehicle development L~ ~_ ~_ .Jl                   30% Improvement for 

Phase3    t               " Car Safety 
I [ Testing I t I 

andevaluatton -- Consumption of Energy and Ressources 

- Environmental Protection 

1+1. 1978 1979 t980 1981 1982 
-- Economy and Utility 

Figure 1. Time schedule for the research car project. Figure 2. Basic goals in the project. 
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4 SitzplStze, Seats 

> 400 kg Zuladung, Payload 

KomfortmaBe mlndestens heutiger Standard, 

at least present standard of driving comfort 

Fahrletstungen, Driving Performance 

0 - 100 km/h _~ 13 s 

Vmax _~ 140 km/h 

Relchwelta > 400 km, cruising range 

ErfUllung gUltlger Gesatze in der BR Deutschland und EG, 

compliance with regulations and standards In the 

FR of Germany and European Community 

AIIgerneine Richtwerte zum Lastenheft 
des Forschungs-Pkw                  Figure 5. Daimler-Benz, minimal permanent display. 

Figure 3. General requirements. 

Vehicle operational reliability control works automat- 
ically and generates warning information according to 

SAFETY safety priority. Warnings of high priority because of dan- 
gerous operation status which call for immediate stop are 

The 30% improvement for vehicle safety was defined displayed in the primary field of view. 
...... for summing up measures for accident avoidance and One example for an in-vehicle route guidance and driv- 

mitigation of injuries, er’s information systems is called ALI (Autofahrer Leit- 
Although a number of new techniques were presented und Informationssystem), the display of which is shown 

in the prototypes, it can be stated that safety was not of in the mid section of Figure 6. 
highest priority. Despite that the goals seem to be met. An ALI-equipped vehicle reports its presence and des- 
As measures for improved passive safety will be reported tination when entering the area covered by the system. 

............. in the following three papers, only some remarks on ac- The information is transmitted via induction loop to a 
cident avoidance features will follow here. roadside unit. Recommended direction for the particular 

Generally seen emphasis was laid on driver information destination of the vehicle is taken from microcomputer 
systems. Principally such systems give support to the in the roadside unit, and is then transmitted back to 
driver in his complex task of driving his car within the vehicle via the same induction loop, which also detects 
traffic flow as well as it controls reliability and safety speeds and types of all other vehicles passing by. Roadside 
related features of the vehicle itself. By this the driver’s unit data of a cross-section are preprocessed and trans- 
need for memorizing and simple or complex thinking milled to the control centre. There further evaluations 
operations are reduced, are carried out with particular emphasis on the optimum 

One major point is the reduction of permanently dis- routes for the desired destinations of all vehicles in the 
played information on operational status to an absolute 
minimum, e.g., driving speed, fuel reserve and daytime; 

further information is available on request only. (Fig. 5). 

Figure 6. AL!, driver’s route guidance and information sys- 
Figure 4. The Audi research car. tem; Volkswagen research car. 
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With respect to driving behaviour if can be said that 
vehicle layout can be varied to a great extent to control 
dynamic behaviour. However, criteria for what the ideal 
vehicle behaviour for the "normal driver" really is, do 
not sufficiently exist, neither with respect to comfort nor 
to safety. So it can be stated that wheel-suspensions of 
the research cars more or less are state-of-the-art layouts. 

By summarizing, it can be said that safety was not of 
highest priority although a series of new technologies was 
presented. Nevertheless, the goal of 30% improvement in 
this field seems to be reached. 

ENERGY CONSUMPTION AND 
Figure 7. Volkswagen research car; view from the top. ENVIRONMENTAL PROTECTION 

The goals for fuel consumption and the results of the 
control area. Alternative routes are assessed with refer- 
ence to the overall objective of 

different motor types are given in Figure 9. 
The demand for a fuel consumption reduction of at 

--reduction of travelling time least 30% compared to 1978/79 model cars is surpassed. 
--reduction of vehicle operating costs At the beginning of the project this claim had been 
--reduction of number of accidents, criticized as too hard to reach because of the pretended 

conflict to the claim for 30% exhaust emission reduc- 
This system was successfully tested with promotion of tion.The energy shortage of the years after as well as the 

the Federal Ministry for Research and Technology with 
given results lead us to the opinion, that the demands 

participation of more than 400 vehicles in the Ruhrgebiet 
Autobahn area. 

were well founded. Each of the four competitors in the 

Improvement of conditional safety played quite an im- 
project ranked energy consumption being of the highest 

portant role in all research cars. Climatization of the 
priority. 

The piston engine of today is predicted being the vehicle 
compartment will be of greater importance with larger 

engine of the future, too. Consequent use of some fun- 
and more sloped windows (Fig. 7). Ventilation, temper- 
ature and moisture will be controlled electronically, 

damental principles gives an astonishing potential for im- 

A future solution could be utilization of heat-pipe tech- 
proved efficiency. 

Not referring to details, some of the principles used in 
niques. Heat exchangers for air conditioning systems will 

the project will be reported here: 
transmit heat from exhaust gas or motor cooling fluid to 
the heating air as well as it will transmit heat from the 1. Choice of thermodynamically most favourite com- 
compartment air to the cooling fluid of the air conditioner, bustion process: It was not surprising that each of 

Panel shape of the heat exchanger can be used for door the participants made use of at least the Diesel en- 
inside panel installation for example (Fig. 8). gine in one of these prototypes. Consequently they 

made use of the direct injection Diesel engine for a 
passenger vehicle. 

18 

¯ Dieselmotor 

800 1000    1200 1400 1600 1800 kg 2000 

~, KJassenmittetwert 

Figure 8. Panel shaped heat pipe for indoor installation;     Figure 9. Fuel consumption of 1978/79 model cars and re- 
Daimler-Benz.                                       search cars; goals and results. 
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Kenndaten Diesel - Motoren 

I HAG VW I D-B 

Hubraum cm3 2500 1191 3308 

Leistung kW (PS) 72(98) 33(45) I110(150) 

Einspritzung direkt direkt indirekt 

be min g/kWh 237 218 255 

Verbrauch 1/100 km 

90km/h Konstant 4,6 3,3 5,7 MiKROEOMPUTER 

............ 120km/h Konstant 6,0 4,9 7,5 

Stadtverkehr / City 7,8 4,2 9,8 

Durchschnitt 25/25/50 6,55 4,2 8,2 

Figure 10. Data of the diesel engines in the research cars .... t~,b,~- ..... ! ................. 

Figure 11. Scheme for motor-transmission control (Univer- 
sity Group). 

Some basic data from the three finished Diesel en- 
gines (Fig. 10) show that this engine type shows is dual shaft with rotating heat exchanger disk, single 
outstanding fuel consumption in combination with stage centrifugal compressor with backward curved rotor 

exhaust gas and noise emissions below the limits blade tips, ceramic combustion chamber, single stage axial 

given for the project, gas generator turbine, single stage axial power turbine, 
........... 2. All of the piston engines, and this is the second adjustable inlet guide vanes, electronic control of fuel- 

principle, are supercharged. This is for Diesel en- supply. All internal hot sections are made of ceramics. 
gines as well as for spark ignition engines (Otto- Test bench work has been successful; first in-vehicle 
engines), tests have been carried out in September. 

3. The third principle is to eliminate idling and thrust With respect to fuel consumption the goals set in the 
mode engine operation totally. This has been real- project were reached. With regard to exhaust gas emission 
ized in the Diesel-version of the VW-car. Power is it must be said that the given limits (CH ÷ NOx = 10 
to be generated only then when it is needed to cover g/test and CO = 36 g/test; European Test Cycle acc. to 
driving resistance or when it is demanded for ac- ECE R 15) could not be achieved reliably in all cases. In 
celeration by the driver via driving pedal. More those spark ignition engines it could only be achieved by 
information is given in the paper by Volkswagen. giving up the achieved optimum fuel consumption values; 

...... 4. The fourth possibility is to operate the engine only but even then the given fuel consumption limits were 
..... in the near of its point of optimum fuel consumption sufficiently reached. 

and to shift control-function to the gear. Theoreti- 
cally of best advantage are continuous variable 
transmissions with sufficiently spread converting ra- 
tio combined with electronically controlled engine, 
power transmission-management. 
With an ideal (100% mechanical efficiency) CVT, 
fuel consumption can be reduced by 30% compared 
to mechanical 4-speed gear box by running the en- 
gine just along minimum fuel consumption control 
characteristic. 

Engine and gear box performance maps are laid down 
in a microprocessor (Fig. 11), the control strategy being 
that for every single point in the power map the product 
of engine and gear box efficiency gets a maximum. 

First results with UNI CAR show that the used CVT 
"Transmatic" is an interesting alternative with respect to 
mechanical efficiency, speed of ratio change, spread of 
ratio, specific power and costs. 

The only alternative engine in the project is the gas- .... 
turbine-version (Fig. 12) in one of the Daimler-Benz cars, Figure 12. Schematic representation of the Mercedes-Benz 
developed parallel to the Diesel version. This gas-turbine research turbine. 
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We think that some more detail work which could not Other results were obtained with regard to the outer 

be done due to the short project duration could result in cover included the roof and the lower floor panel. Here 

better emission results, the use of new materials will increase in the near future 

For the Diesel engines all limits for exhaust gas emis- (Fig. 14). 

sion, particulates included, could be achieved, the latter All four prototypes show plastic front sections with 
even without filtering, integrated bumpers. Mostly they consist of an GFRP- or 

Related to noise emission the set limit of 73 dB(A) aluminium cross member and a PUR body and skin. Main 

according to ISO 362 was regarded as difficult to fulfill advantages are the drastically reduced number of parts 

because of the levelsetting tire noise. The results, however, in connection with greater freedom for design. 

show that with the help of acoustical capsules for the Side doors unanimously were made of aluminium. Audi 

engines a noise level of 72 dB(A) could be measured even here also realized the functional separation of door struc- 

for direct injecting diesels, tures. First into an aluminium structure carrying the lock, 
window lifting mechanism and door hinges as well as 

BODY DESIGN CONCEPTS incorporating the side intrusion guard; second into the 

inner door cover and the outer door cover (aluminium). 
Guide lines for body design in the research cars can As to side panels and mud guards lightweight materials 

be described as follows: will be used; both aluminium and plastics are considered; 

--principally retaining today’s production procedures, 
a distinct trend to one of these materials cannot be seen 

modifications with respect to use of alternative ma- 
yet. 

terials, subsystem production and assembly as well 
The most extensive structural modification can be seen 

as to final assembly should be investigated 
for the Audi car. Normal as well as steer forces acting 

the whole body design ought to play an important 
on roof and floor ask for extensive reinforcements for the 

role in vehicle economy improvement by reduced 
steel panels. 

weight and favourable air drag 
For this purpose the roof as a sandwich construction 

---expenditure on energy during manufacture and re- 
out of a honeycombed aluminium core and GFRP-shells 
could be advantageous. 

cycling were to be considered in design. The floor unit (Fig. 15) consists of a GFRP-construc- 

The principle way for improvements in this respect tion with directed fibers from high-temperature-resistant 
seems to be the consequent separation of body functions resins. Reinforcements for panels and supporting beams 
into the supporting structures and the outer cover giving are made of PU-hardfoam cores. For anticorrosion pur- 
vehicle shape, poses the floor asembly covers the side fenders up to the 

The supporting framework (Fig. 13) consists of a 3- 
doors. 

dimensional framework of thin surface elements and high- 
The problems for this structural layout are the assembly 

strength rigid beams in all four prototypes these struc- 
between steel frame and plastic subassemblies by gap- 

tures are made out of steel sheets, 
filling adhesives. Another problem is that roof and floor 

On one side an optimal ratio between vehicle outer 
can only be mounted after completion of supporting 

dimensions and passenger compartment space demands 
framework including total surface treatment. 

for minimal beam measures. On the other side survival 
On the other side this assembly sequence offers big 

space in accidents demands for an extremely rigid com- 
advantages for mounting the equipment of the passenger 

partment, up to this both can only be done by steel ob- 
compartment. Additionally roof and floor can totally be 
preassembled away from the main assembly line on special 

viously, 
work benches with all equipment including mechanical 
devices, electric wiring, carpets, seats etc. 

Beside the just mentioned structural design works, an 
important contribution to energy saving was given 
through a drastical reduction of air drag. With realistic 
chassis design the air drag coefficients for the four re- 
search cars were between 0.24 to 0.29. 

ECONOMY AND UTILITY 

Utility of a vehicle is ruled by its 

transport capacity 
--reliability 

Figure 13. Body structure of Audi research car.                   safety 
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Figure 14. Body and interior parts made from plastic (Volkswagen). 

---environmental compatibility hard to give. A purely subjective remark at this time can 

--life expectancy and depreciation be given yet: 

Regardless to economy, utility can be improved by high Even the few examples in this paper show that for 

sophisticated technology--their interrelation is governed the above mentioned factors governing utility a re- 

by costs. The optimal ratio between them depends much markable improvement can be stated 

on the expectational attitude of the buyer of a specific An improved utility can be proposed because most 

vehicle class, of the presented technologies in one field of demands 

So a concluding valuation of the four vehicles with did not affect negatively other fields of activitythat 

respect to 30% improvement in economy and utility is was just the aim of the project 

The competitors in the project ranked economy very 

high for their work. These decisions made in 1978/ 

79 have been verified by the international economical 

developments 

The demand of the project for technical solutions 

with the potential for large series production as well 

as the short project duration excluded realization of 

long-term technologies but did also avoid exotic, un- 

realistic solutions. 

The four prototypes indeed demonstrate effective and 

economical solutions for an improved automotive tech- 

nologies for the last 20 years of this century. For this 

reason the German Federal Ministry of Techno!ogy re- 

Figure 15. GFRP construction of floor panel (Audi). gards the project as being successful. 

87 



EXPERIMENTAL SAFETY VEHICLES 

Exterior Safety and Side Protection with the Uni-Car. 

HERMANN APPEL, JOACHIM BL~DORN, many in 1978 a program for the development, construc- 

ARNE KUHNEL, REINHARD PASCH, tion, and testing of a research passenger car. In the West 

HORST RATTAJ, and WOLFGANG German case, however, no particular point of emphasis 

was intended for special concentration, as was the case 

in the RSV and, especially, for the ESV projects. Instead, 
Institute of Automotive Engineering at the the emphasis in Germany was to achieve decisive im- 
Technical University of Berlin, West Ger- provements in the features of present day standard factory 

many models, with emphasis on the following R & D objectives: 

--conservation of energy sources and other natural 

resources 

----environmental benefits 
The integrated research vehicle UNI-CAR is the result safety (30 percent) 

of a four-year cooperative effort among four West German --economy and efficiency 
universities. The following were the points of emphasis 

for the research performed: Compensation was to be allowed in the pursuit of these 

--energy savings goals. 

noise reduction Proposals were primarily solicited from the German 

--safety improvement, automobile industry. A collaborative composed from four 

By virtue of its specific experience in the field, the German university institutes--from Aachen, Berlin, 

Institute for Automotive Engineering of the Technical Darmstadt, and Stuttgart--also applied for this project, 

University of Berlin was responsible for the area of safety, and they were awarded this contract. For the first time 

Almost 50 percent of persons killed in traffic accidents in Germany, a project was started which admits to the 

in West Germany are either pedestrians or cyclists: what opportunity to incorporate specific experience in the corn- 

we call "the outside victims." This situation has been plete development of a passenger car. Structural and con- 

fully taken into account by the safety concept of the UNI- struction work assumed the Karmann company. The first 

CAR. Extensive protection has been provided for pedes- prototype was introduced after the extremely short period 

trians and cyclists by the geometrical design and the use of 23 months (Fig. 1). Testing of the total of 4 prototypes 

of soft materials (foam) for the front end of the car. will be completed by the end of 1982. 

Aerodynamic requirements were also able to be taken As part of the scope of responsibilities of the Technical 

into account in this concept. The configuration was pro- University of Berlin, this presentation is intended to de- 

vided in such a manner that protective criteria were ob- scribe which safety concept was chosen for the UNI-CAR, 

served up to 50 percent in cases of collision speeds of 45 and under what prescribed constraints this selection was 

km/h (28 mph). made. Measures implemented for increasing the exterior 

A second focal point in the safety concept of the UNI- safety (for pedestrians and cyclists) and side-crash pro- 

CAR was side protection: the side impact is one of the tection will be described; with the aim of test results, 

dominant collision types, especially in city traffic. Ap- estimates will be made with regard to the increase in 

proximately 20 percent of all deaths among car passengers safety which can be expected. 

result from cars struck from the side; their number 

amounts to approximately !0 percent of all traffic deaths. 

The test velocity for the car-to-car side collision was set 

at 50 km/h (31 mph). This speed would include 75 percent 

of all side crashes resulting in injuries. 

Verified measures were employed to prove that the 

officially stipulated safety gain of approximately 30 per- 

cent was achieved. We must point out, however, that 

some of the solutions as chosen are not yet ready for mass 

production. 

INTRODUCTION 
Similar to the United States in 1974 with its Research 

Safety Vehicle Program (RSV), the West German Federal 

Minister for Research and Technology initiated in Ger- Figure 1. Prototype 1 of the UNI-car. 
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SAFETY CONCEPT OF THE UNI-CAR ations (moderately developed, rounded-off leading edge 
of the hood, with sufficient overalt height for deformation 

The collaborative of the universities selected a total of paths), the form shown in Figure 1 was selected. The 

........ 
three emphases for development for the UNI-CAR: aggressiveness represented by the form is mitigated by 

--reduction in fuel consumption by the following tea- sufficient coil distance (distance between the street surface 

tures: use of a diesel engine with direct injection, and the head dent in the hood: 1.95 m for the UNI-CAR 

utilization of an electronically controlled CVT gear and 1.75 m, for comparison, for the VW Golf), and by 

system, and drastic reduction of the air resistance integrated bumpers, headlights, and exterior mirrors. 

--reduction in noise emission by means of encapsula- 
tion of the engine and the exhaust pipe 

--increase in passive safety, especially toward the out- Impact-Energy Absorption at the Front End 
side. 

The first two developmental goals--better aerody- 
The following safety measures and structural design 

namics and less noise emission--have resulted in form- 
features were chosen to be provided in the form of poly- 

determining and structural measures. These measures, in 
urethane foam to ensure sufficient deformation paths: 

turn, act as constraints for the vehicle body and, therefore, --a soft face with a deformation path of approximately 
for the safety concept and the design of the car interior. 150 mm (Fig. 2) 
These restriction conditions include the following: --an impact-energy-absorbing hood, with a deforma- 

--a front end with a smooth surface, rounded off in 
tion path of approximately 70 mm (Fig. 3) 

all directions 
--an energy-absorbing windshield frame, with a defor- 

.............. --a low, long, and gently inclined front end mation path up to approximately 45 mm (Fig. 4) 

.......... --a marked withdrawal of the roof edges at the sides 
--a peripheral, energy-absorbing roof edge, with a de- 

--a sharply inclined windshield 
formation path of approximately 15 mm (Fig. 5). 

--a spacious middle tunnel running throughout the The safety measures employed are summarized by per- 
interior, spective views in Figures 6 and 7. 

The following safety concept was chosen under the 
prescribed constraints and objectives for protective meas- 
ures: 

integral foam skin 
--a medium-large and medium-heavy vehicle as a com- 

promise among self protection, partner protection, energy absorbing 
and compatibility foam ~ 

--slight increase in the structural and interior safety 
in the event of a head-on crash 

--improvement in the restraint system for the front- 
seat passengers 

wmarked improvements in structural and passenger, 
compartment safety in the event of a side crash (test 
conditions: 90 degree car-car collision with an impact 
velocity of 50 km/h (31 mph) against the target 

vehicle at rest) acoustic damping 
---considerable improvement of the exterior safety with foam 

regard to pedestrians and cyclists (test condition: sheet mefat 
collision velocity of 45 km/h (28 mph)), cross member" 

EXTERIOR SAFETY, MEASURES TAKEN, 
AND TEST RESULTS 

Design of the Front End 

As a compromise between the requirements placed by 
the aerodynamic principles involved (a low, gently in, 
clined front end) and by the pedestrian safety consider- Figure 2. Soft face~ 
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//ntegra{schaumhaut 
GFR PU integra~ foam D-D-lacquer 

/ 

energ~e ouf nehmender / 

5chaum 
PU EA #oam atu structure 

PU acoustic damping foam 

Rgure 3. Hood. 

Se~tensche~be 

~e ~,~o,,, Figure 6. Section through the roof frame. 

/nnenverkie~dung Dmhtung 
mne~" padding seohng ~ 

from the side by a braking car: all of which conditions 
-- Kieber serve to cover approximately 85 percent of all car-pedes- 

~e trian accidents. 
Since the UNI-CAR was intended to be designed to 

take into account the body sizes of a medium-sized child 
outer padd,ng (1.25 m tall) and of the "50-percent male" (1.74 m tall), 
podd,ng dummies were selected in accordance with the respective 

W, ndschutzsche,be data for six-year-old children and for the 50-percent man. 
Several versions of the UNI-CAR, each with variations 

in material characteristics, were available for the tests: 
Figure 4. Padding of the windshield frame, three different front faces and hoods, each with various 

degrees of foam rigidity, were tested. For comparison 
purposes, a car with a similar outer contour--a Citroen 
CX--was also incorporated into the test program. This 

~g 
outer podding was to enable estimates to be made concerning form- 

related influences with respect to earlier tests with pon- 
Kleber toon-shaped test cars. 
gtue 

SeHenschetbe 
side window 

nner padding seahng 

Figure 5. Padding of the roof edge. 

Test Results 

Approximately 90 percent of all vehicle-pedestrian ac- 
cidents in West Germany take place within built-up com- 
munities, i.e., on streets in which a speed limit of 50 
km/h (31 mph) is prescribed. Consequently, collision 
speeds for the tests were set at 25 km/h (16 mph) and 45 
krn/h (28 mph) in an attempt to correspond to realistic 
conditions; furthermore, the test pedestrian was struck Figure 7. Section through the front end. 
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low loading figures if the victim does not happen to 
strike any bracing elements. In the case of a front end 

| Co~par~ veh,~e made of sheet metal, however, the presence of bracing, 
edges, and corners can hardly be avoided; in any case, 
the intention is to pass the 5 mph test as stipulated in 
FMVSS 215, without harm to the pedestrian--and this 
would not be possible with a metal front end. 

As with the hood, the version of the soft face with the 
greatest yielding characteristics proved to be most su- 
perior here as well. One of the results from a soft face 

7 12,5 Vkckl [mtsl 

Thorax Pelvis rh .... Petvis Koee made entirely of integral polyurethane foam, which was 
ch,~ Adu~ also included in the testing, showed that forces applied 

Figure 11. Sl as a function of the collision velocity in to the pedestrian could indeed be reduced: here, the ben- 
pedestrian tests, eficial effect was achieved by elimination of the bracing 

and reinforcement normally featured locally at the cool- 
........ points, with a minimum of 70 mm intervening room), ing-air intake, at the headlights, and at the body seams. 

and if large, nonsupported surfaces which could be de- The addition of foam to these points resulted in more 
formed in their entirety were kept within certain limits, than doubling the weight here, however. 
then tolerable HIC figures up to velocities of 45 km/h The acceleration-time sequence plots alone, however, 
(28 mph), with very high energy absorption, are indeed do not sut~ce to explain all the differences observed in 
possible. See Figure 10. collision sequences with respect to all accident evidence 

Figure 11 shows the influence of the soft face, for which and traces and damage done to the dummies and the test 
the $I (severity index) calculated for pelvis and thorax is vehicles. With tests conducted using the conventional 
compared for the various test vehicles. The advantages comparison car, it was observed that the following types 
of the UNI-CAR are more apparent here than for the of injuries were suffered in almost every second test: 
tests for the hood, primarily responsible as it is for head dummy legs and knee joints were damaged by the pro- 
injuries, nounced bumper edges, and collarbones were broken by 

The reason for this phenomenon is the known fact that impact of the elbow on the hood in the vicinity of the 
favorably designed sheet-metal hoods can also result in engine. Furthermore, splinters from headlight covers and 

Figure 12. Damages to the comparison vehicles from pedestrian tests (right side UNI-Car; impact locations marked with 
different colours). 
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Comparisons of test results with pontoon-shaped ve- 

hicles and wedge-formed ones such as the UNI-CAR will 
¯ UNI-CAR--50%-Ha|e Dummy 

always demonstrate different motions sequences and load- 
500, 

ing conditions, as a result of geometric factors. We must ~00~ ............ . 
point out that hoods with front edges at the normal lim- 

ousine height are associated with extremely high thorax 
300 ............. 

~__ loads and very long trajectory lengths for children; ex- 200 
tremely low design forms, on the other hand, present the t ! 

danger of increased head-impact velocities of adults on 
100 

* ~ .... ~t .... the hood. *~* 
° 

The UNI-CAR compromise reached among aerody- 
~ a ~2 

Head Impa:t velocity 

namics, constructed size, design, visibility conditions, 

deformation paths represents an acceptable mean in the Figure 9. HIC as a function of head-impact velocity in pe- 
destrian tests. configuration of the car body contour with regard ’:o 

safety provided for child and adult pedestrians. In this 

regard, Figure 8 shows a plot of the head-impact veloci’:y fortunately, relatively rigid and did not therefore result 

perpendicular to the hood surface, as a function of the in the improvements which had been expected. Those 

car-pedestrian impact velocity. The test values are there- features which were primarily unfavorable were the alu- 

fore similar to well-known results from other investig~- minum supporting frames for the heavier hood versions 

tions, despite the flat form involved here. A somewhat which had been padded with energy-absorbing polyure- 

thane foam that proved to be too dense. Also prob- 

lematical was the excessively strong car body shell at the 

va~ Im~ soft face, in the vicinity of the headlights in their wells, 
.... UNI’CAR S0%Ou~my as well as the seam along the hood. The last point here 

15- / -- 6-j Dummy 

:i~"i ...... 
VgL-Fz. 50%0u~y was especially disadvantageous in the case of the child 

~o~ dummy. 
~2~ ..................... [*.h,d.] 6"j Oummy 

Good results, however, were achieved through use of 

~o- .:.//// a sandwich hood made of a layer of polyurethane between 
vak two layers of glass-fiber-reinforced plastic; test measured 

.:~ ,7 values are shown here in Figure 10. Further development 

:~.~.," work is necessary here, however, in order to solve still- 

,~./ ---" Vk0u remaining problems involving manufacturing expense, 

form distortion, and exactness of fit: these must be solved 

7 12.5 in order that the inherent advantage for pedestrian safety 

can in fact be implemented. 
Figure 8. Head impact velocity as a function of the collision In order to arrive at conclusions which can be repeat- 

velocity, n car-pedestrian tests. 
edly reached under more easily reproducible conditions, 

various versions of the hood, with their corresponding 

higher contour would, however, have been more favor> models, were subjected to separate testing under a drop- 

able. The pedestrian body-wrap distance should be taken weight apparatus. Insofar as the distance to immovable 

into consideration in such a manner that, even at collision auto components in the engine compartment remains suf- 

velocities of 45 and 50 km/h (28 and 31 mph), the head ficient (the attempt was made to ensure up to 120 mm 

impact will always take place in an area restricted to ff.e of intermediate space, with the exception of several critical 

hood. 

Figure 9 shows the influence of padding the hood on 
o 

pedestrian head loads. Here the HIC (head injury crite- 

rion) values of the UNI-CAR are represented together 

with those of the comparison vehicle for similar head- 

impact velocities. Since, in the case of the 50-percem- //~- 
mate dummy struck from the side, a considerable portion / 

of its rotational energy is relatively frequently absorbed 0,0 ~0 ~0,0         ’ "/o ....... ~o ,o 
by the impact of arm and shoulder onto the hood, rather ................. ~.~ ........ 
than by the head itself, the collision velocity had not been 

chosen as a criterion of comparison. 
Figure 10. Path-of-force characteristic for a sandwich hood 

These tests show quite clearly that the versions of ff.e of polyurethane between glass-fiber-reinforced 
UNI-CAR favorable for production purposes were, un- plastic. 
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hood latches protruding partially through the hood metal 
to the outside would also have given real cause for critical 

injuries in the case of an actual accident. The dangers 
here are not correspondingly recorded in the acceleration- 
time printouts, however. Figure 12 shows the two cars 
compared in testing in the headlight area after a collision 
with a 50-percent dummy at 45 km!h (28 mph). The 
UNI-CAR has remained for the most part undamaged, 
and will therefore be significantly less aggressive in respect 
to the types of injuries which could be expected from 
these damaged vehicle parts. 

SIDE CRASH PROTECTION, MEASURE- 
MENTS, AND TEST RESULTS 

Side Protection Measures 

The side protection system consists of a transverse brac- 

ing which is rigid in compression: two transverse beams 
Figure 14. Hinges and locks on the UNI-Car. 

behind the front seats, between the "B" pillars. The brac- 

ings are provided with additional rigidity by the seat pans. right passengers is extensively avoided by virtue of the 

See Figure 13. The door braces and latches ensure that, high transmission tunnel and shoulder padding. See Fig- 

.......... in case of a side crash, an interlocked bracing system will ure 15. An additional advantage is provided by anchoring 

function to withstand initial forces applied in bending the top of the three-point safety belt system on the inside 
and, for greater deformations, in tension. To guarantee rather than at the outside. 
direct transmission of tension forces (i.e., without first 

having to overcome play), careful design of the connection 
Test Results 

points was necessary (e.g., pillars, hinges, door, lock, etc.). 

See Figure 14. 

By virtue of seats which cannot be adjusted in the 
Investigation was made of the effectiveness of the var- 

ious cross-bracing elements, individually and in interac- 
longitudinal direction, it was possible to provide uniform 

tion. For reasons of cost, the tests were conducted with optimal side padding for all sizes of passengers. The seats 
standard factory car models which had been modified in have been moved a relatively great distance toward the 
accordance with the improvements made with the UNI- middle of the car, thereby allowing for considerable side 
CAR. The following results were determined: 

intrusion before the occupants are struck by the pene- 

trating parts of the car. --By virtue of the bracing, considerably more seating 
Finally, interaction (collision) between the left and the room remains available. 

--Best effectiveness was achieved by an integrated sys- 

Figure 13. Passenger compartment of the UNI-CAR: Figure 15. Interior padding in the UN~,CAR. 
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Table 1. Assessment of the safety benefits. 

Fatality rate Fatality rate Reduction of Safety 
absolutely (coll. with car) fatality rate benefit 

Traffic Participants (FRG 1980) (%) (%) (%) 

Pedestrians 3095 23 40 9.2 

Bicyclists 1142 9 40 3.6 

Mofa, Moped, Mokick 765 5 40 2.0 

Motorcyclists 1232 9 20 1.8 

Occupants in frontal 3912 37 20 7.4 
impacts 
Occupants in side 1825 17 25 4.3 
impacts 
Other 1070 -- 0 0 

Sum 13041 100 m 28.3 

tem with the door braces and the cross braces. In- --reduction in the proportion of those injured in West 

trusion from side crashes was reduced from 465 mm Germany 

with unbraced vehicles, to 225 ram, i.e., to less than --reduction in the number of deaths and severe injuries. 

half. If the above procedure is applied to all relevant collision 
--The free space remaining as a result of the above types for which the UNI-CAR could bring improvements, 

phenomenon can be utilized for minimization of a safety gain of approximately 30 percent could be 
forces acting on passengers by means of providing achieved with respect to the number of traffic deaths. See 
suitable padding of the side doors. This is achieved Table 1. This figure results from inclusion of estimates 
by ensuring as great a padding deformation path as made in the comparison of data from: 
possible for acceleration of passengers up to the lat- 
eral vehicle velocity after a crash from the side. --actual traffic accidents 

--In the striking car, the passengers and vehicle will --test results with present conditions of automotive 

be subjected to slightly higher collision forces as a design (standard factory models) 

result of the bracing reinforcement provided in the --test results with the UNI-CAR. 

struck vehicle. The safety advantage gained on the This safety benefit results from the following breakdown: 
other hand by the maintenance of more survival 13% for pedestrians and bicyclists 
space in the target vehicle passenger compartment 4% for motorcyclists 
more than compensate for the insignificant wors- 7% for car passengers in a head-on crash 
ening of conditions for the striking car, with the 4% for car passengers in a side crash. 
result that this slight disadvantage is acceptable. 

As a result, the stipulations set in the relevant Loading 
Specifications for a safety gain of 28 percent in the area 
of passive safety were in fact satisfied by the cumulative 

ASSESSMENT OF THE SAFETY BENEFITS effects of advantages from the various accident types, as 
well as with respect to the death rate. 

Calculation of the safety benefits gained in the area of 
passive safety is performed in accordance with a new 
prognosis method. The individual steps are as follows: REFERENCES 

--probability of injury as a function of the collison 
velocity, with the present state of vehicle design 1. (--): Ausschreibung zum Projekt "Demonstration 

--gain in speed which results experimentally after in- automobiltechnischer Forschungsergebnisse in inte- 
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The Safety Aspects of the VW Auto 2000 

ULRICH W. SEIFFERT and DESCRIPTION OF THE VW AUTO 2000 
HANS-WILHELM GROVE CONCEPT 

Research Division General 
Volkswagenwerk AG 
Wolfsburg, Germany The VW 2000 research vehicle has already been de- 

scribed in detail in several articles (1) (2). For this reason, 

the general description can be limited to the aims and a 

INTRODUCTION few highlights together with the results. The aim of the 

project was to represent the future of motor car engi- 

The tasks which research and development work is neefing up to the year 2000. Given this aim, the vehicle 

called upon to fulfill have become increasingly more cfit- concept was to be optimized along with a significant 

ical. This does not, however, alter the fact that the motor improvement of vehicle safety, a reduction of exhaust gas 

car has to satisfy a large number of various, conflicting and noise emission and increased fuel economy. Along 

requirements. For the research division of the Volkswa- with alternative materials for all areas of the vehicle, the 

genwerk, this means representing the integral demands use of electronic aids for the three electronic centres in 

made on the motor car of tomorrow. As long ago as 1973, the vehicle was to be investigated in particular. As a result. 

the concept of the IRVW was born and represented in the 2-door saloon shown in Fig. 2 was displased at the 

hardware. As far as this concept is concerned, nothing IAA (International Automobile Exhibition) in Autumn 

has changed up to this conference. Contrary to the well- 1981 in Frankfurt with the 3-cylinder Diesel engine and 

known demands, a whole series of additional demands at the 1982 Hannover Trade Fair with the spark-ignition 

now have to be fulfilled. Figure 1 shows these conflicting engine. In 1982, selective follow-up work was carried out, 

demands. Because of the causal relations, vehicle safety the results of which are given in the following. 

must not, in our opinion, be seen in isolation, also with The 4-seater vehicle permits a payload of 400 kg. The 

regard to the further development of vehicles. In this luggage compartment at the rear has numerous possible 

respect, the "Auto 2000" research project is a logical variations and means that the vehicle can be used to 

continuation of our research work up to now. The VW perform a whole range of transport tasks. The two re- 

Auto 2000 project is demonstrated in the following along search prototypes are fitted with two different engines 

with the results achieved to date. a 4-cylinder spark-ignition engine and a 3-cylinder direct- 
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Figure 1. Conflicting demands in car development. Figure 2. Volkswagen car 2000. 

injection Diesel engine. Together with the transmissions an increase in fuel economy became apparent. It was only 
selected for each engine, the vehicle consumption and possible to achieve these consumption figures by means 
performance values shown in the tables resulted, of the low drag coefficient of co × F = 0.25 × 1.86 = 

The fact that these values were achieved with com- 0.47, i.e., substantially lower than the mean value of new 

paratively high performance should be particularly em- vehicles sold in Germany in 1981 ofcD × F = 0.81 (Fig. 
phasized. However, in the course of the work the conflict 3). Despite the use of a great number of alternative ma, 
between a further reduction of exhaust gas emission and terials, it was not possible to lower the vehicle weight 
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Figure ~, Evolution of co and % x A worldwide. 
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much below the mean value of present-day production 40 
vehicles. One reason for this is the large number of ad- 

ditional items of equipment, the weight of which must be Nm ..... kW 

compensated for by reducing weight elsewhere. 120 30 

Diesel Engine and Stop/Start System ~ ao 20 
The Diesel engine was designed as a 3-cylinder direct- 

injection engine with electronically governed Diesel in- 
60 

.......... jection pump. Of the possible supercharging devices, an lO 
exhaust turbocharger was selected. The consumption and 
performance of the Auto 2000 achieved with this com- 

20 

bination are shown in Figures 4a-4c. The engine/clutch o 
management system is worthy of particular mention here. looo 2000    3000 4000    5000 rpm 

The clutch system was designed as shown in Figure 5. Engine sp~ed 

.... The controlled clutches K1 and K2 cause the engine to Figure 4b. Full throttle characteristics of turbocharged direct 
be switched off when the vehicle is stationary or when injection diesel. 
decelerating. If this system had not been integrated in the 
vehicle concept, fuel consumption would have been ap- 
proximately 17% higher in the ECE urban cycle and 
approximately 4% higher in the US 75 test. Exhaust gas Diesel Engine 

............ ernissions were also reduced by switching off the engine. Top Speed km/h 150 

The measured values for the different test methods were: 
Acceleration s 

0-100 km/h 20 

ECE exhaust gas test: 4O-lOO km/h 
CO = 3 g/test HC + NOx = 6 g/test in 4.th.Gear 

US exhaust gas test: Fuel Consumption 1/100 km 

......... CO = 0.92/mile HC = 0.3 g/mile NOx = 1.2 (DINEcE70_Test030) I 4.2 
g/mile constant 90 km/h 3.3 

constant 120 km/h 4.9 

1/3 Mix 4.1 

Pollutant Emissions Within Present 

CO/HC/NOx European Limits 

Noise Emission dB (A) 73 

Figure 4c. Operational data (diesel-version). 

Spark-Ignition Engine with Automatic Trans- 
mission 

The spark-ignition engine used was a 1.06 litre engine 
with mechanical supercharging, petrol injection, knock 
limit control and map-controlled high-power transistor- 
ized ignition system. Figure 6a shows this engine with 
the mechanical supercharger controlled via a variable 
drive. The results achieved are shown in Figures 6b and 
6c. Related to the limited pollutants, there is a clear 
conflict between a further reduction of pollutant com- 
ponents and of fuel consumption. 

Acoustic Capsule 

Figure 4a. 3-cylinder diesel engine (direct injection with tur- To reduce exterior noise, a vehicle acoustic capsule as 
bocharging), shown in Figure 7 was designed for both engines. The 
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Carburetor 

C 1 Moving-off and gear changing clutch 
C2 Additional engine-flywheel clutch 

Clulches 

C 1-C2-Se~vo Starter 
Pressure sensor ,~, 

u.to r 

mechanical 

’ ~--’~-~eserv°~]-" ! "~ Actuat°r .... 

electrical                 pneumatic 

Act              . . 

,[[[:-_-_[-~--J Electronic F- ..... 

" .... J hilt lever 
...... control ........ 

Figure 5. Start-stop system with flywheel inertia usage. 

installation of this capsule has reduced exterior noise in selected. The hydraulic unit combines in a compact design 

the ISO pass-by test by 6-7 dB (A) in comparison with the master cylinder, brake servo, accumulator, electric 

the legal type approval test value of 80 dB (A). On the motor, pump and antiskid pressure modulator. The sys- 

vehicle with the spark-ignition engine, installation of the tern is based on a three-circuit brake system (front wheel, 

capsule components highlighted the problems concerned rear wheel), with the front wheels being controlled in- 

with the rise in temperature in the engine compartment, dividually and the rear wheels jointly (select low). The 

For a solution appropriate for series production, the cap- tests carried out showed that with this system steerability 

sule cannot for this reason be used to the same extent as in particular is maintained when braking on a bend and 

in the Auto 2000, with the result that the reduction in on/z-split carriageways. The exact tyre inflation pressure 

noise would not be as great, also contributes to perfect vehicle handling as well as to 

the maintenance of comfort and low rolling friction. The 

SAFETY ASPECTS                              Bosch system installed has 4 pressure sensors in the tyres 
and transmissions from tyres to chassis. The sensor, which 

Accident Avoidance 
In the field of accident avoidance a number of addi- 

tional components were tested which have not yet been 

installed in this form as standard in vehicles. Here, we 

are dealing with the following features: 

driver information centre with the ALI system 

tyre pressure indicator 

synthetic voice indicating warnings 

antiskid device 

A sub-frame with wishbones was selected for the front 

axle and a plastic design with countersteering rubber bear- 

ings for the rear axle. These bearings, which are also 

installed in the VW Passat, contribute to directional con- 

trol, particularly in the event of side forces. The built-in 

antiskid device was developed together with the Teves 

company for the Auto 2000. Figure 8 shows the system Figure 6a. 4-cylinder SI-engine (Comprex-Supercharging). 
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120 ~ 60 

Nm kW 

100 50 
Engine: 4 cylinder Otto 
Displacement: 1.06 ! 

80 40 Compression ratio: 9.3 
Supercharger: Roots type 

(Aerzener) 
with variable drive ~ 60 30 ~ 

40 20 

20 10 

1000 2000 3000    4000 5000    6000 rpm 

Engine speed 

Figure 6b. Full throttle characteristics of supercharged Otto engine. 

inflation pressure too low." The ALI system should be 

Spark-Ignition Engine seen as a further element towards accident prevention. 
This system gives the driver information on the flow of 

Top Speed km!h 180 traffic. There is still a great safety potential in a contin- 

Acceleration s UOUS flOW of traffic with regard to reducing the number 
0-100 km/h 12 of accidents. 

40-100 km/h 
in 4.th.Gear 

Fuel Consumption 1/100 kr. Mitigation of Injuries 
(DIN 70 030} Particular attention was paid to mitigating injuries in 

ECE -Test                           7.9 the event of an accident. The measures taken can be 
constant 90 km/h 4.3 

constant 120 km/h 5.6 divided into two areas: 

1/3 Mix 5.9 Protection of rounded body, no sharp-edged 

Fuel Economy mpg pedestrians: body parts, windscreen made 
of Sekuriflex (special tempered US -Test         , 

32 safety glass), deformable bon- City 

Highway 50 net. 

Combined 38 

Pollutant Emissions Within Present 

CO/HC/NOx (ECE) European Limits 

Noise Emission dB (A) 73 

(ISO DP 362) 

Figure 6c. Operational data (Sl-version). 

is screwed into the rim, consists of a reference pressure 
chamber and a metal diaphragm which, when bent, ac- 
tuates a contact so that if the pressure is too low a DC 
voltage signal is transmitted to the driver information 
centre where the synthetic voice utters the phrase "tyre Figure 7. Capsule concept. 
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tudinal members were carried out, likewise with FEM 
Hydraulic-unit 

reservoir 
methods. Figure 10 shows the mesh of a longitudinal 

H~r~ul(~ valve member with the results of the quasi-static pressure test. 
\~ On the basis of the theoretical investigations, the structure 

~ke ~o~t~ for the body in white was designed as shown in Figure 
w~t~ m~ster 11. For head-on collisions, a design with straight 1ongi- cylinder ~ Pump 

switch tudinal members was elaborated which absorbs the energy 

A,ti-sk~-~e~,~ f 
on two planes. The contact surfaces on the pillars were 

~or ~ made larger specially for the door arch. 

~~ 

The new developed special Sekuriflex windscreen was 
bonded to the body frame, as shown in Figure 12. The 

Electronic-control      structure of the windscreen also means an increase in 

~t~.. I ~~’’ 

safety for occupants not wearing a seat belt. This wind- 

~o,t ~ 
S~or    ~o.t ~t 

screen has an additional plastic foil on the innerside which 
helps to avoid lacerations of the face and the sometimes 

~--~. ---q occurring penetration through the windscreen during 

t ~ crash. The Sekuriflex windshield is now under testing 

~ r~ 
related to the other performance criteria in Germany. 
Figure 13 shows a section through the side door. Because 

S~n~or of the relatively large door opening of the 2-door body, 

Figure 8. Anti-skid device,                              it was necessary to design the arch accordingly. Together 
with the energy-absorbing inner door parts, a further 
improvement is to reduce the danger of injury in the event 
of collision from the side. For the front seats, the passive 

Protection of energy-absorbing body, special seat belt system of VW, body belt with knee bolster, was 

occupants: safety steering column, passive fitted (Fig. 14). The system of VW body belt together 
seat belt system, with the special breakaway steering column (Fig. 15) gives 

protection up to 30 mph or more in accordance with the 
An optimum design of the body was aimed for taking requirements of US-FMVSS 208. The following results 

into account legal requirements, the constraints imposed are those of sled impact tests carried out with Golf bodies, 

by aerodynamics, the vehicle curb weight of approxi- equipped with the passive restraint system: 
mately 800 kg together with the engines and transmissions 
selected. 

The wheelbase is 2450 mm, the front track width 1410 ~v = 37 mph Driver Passenger 

mm and rear track width 1358 mm. The passenger com- HIC (-) 789,0 739,0 

partment dimensions are: front/rear headroom 956/923 
a res chest (g) 47,6 39,6 
F femur left (kN) 5,09 4,45 

mm; front/rear elbow width 1455/1426 mm and the so- F femur right (kN) 4,25 5,67 
called comfort dimension (distance from pedals at front 
to front edge of rear seat bench) 1825 mm. To achieve a 
design satisfying this range of requirements, the latest As is generally known, the head impact in particular 

findings of the Finite Element Method were used. Figure is higher in the event of a real crash than in the impact 

9 shows the FEM mesh of the research vehicle with the test due to the different way in which vehicle and dummy 

appurtenant comparative results with regard to calcula- behave. Nevertheless, it can be assumed that FMVSS 208 

tion and testing. The comparison shows that along with is met up to 30 mph or more. 

the optimization measures of the FEM model, the test Initial tests with a modified Hybrid II-dummy were 

conditions must also be exactly simulated. For energy also carried out to check the protection of pedestrians. 

absorption in crashes, optimization runs for the longi- The results are listed in the following: 

Impact Dummy data (t _> 3 ms) 
speed Head Chest Pelvis 

Position of dummy (mph) HIC(-) ares (g) ares (g) ares (g) 

Mid front of ve- 15,6 161 54,7 24,9 31,0 
hicle perpendicu- 22,3 191 48,0 36,5 40,8 
lar to the car 
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Figure 9a. Finite element analysis. 

Front axle 2450 mm Rear axle 

-10 

0                                                                   - 

_~ 20 J 
.~ r ~ Testing 

Me                                         an -values 
Calculation 

clockwise and-- 

’~-~ 40 
/// 

anti-~lockwise 

60                                                  . M = 1500 Nm 

M = 3000 Nm 

70                               B- Pillar 
A-Pillar 

80 

Figure 9b. Finite element analysis. 
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occupants, a judgment about the performance in real 

world pedestrian accidents cannot be made at this time. 

The tests and analyses of vehicle safety show that for 
~ ~ a future vehicle concept designed along the lines of econ- 
\ ~,~ l omy it is also possible to provide a reasonable degree of 

vehicle safety. 
Deformation Stroke 

~0 ................................ ~ 

10 50 100 150 mm 

Displacement 

Figure 10, Finite element analysis for the front-beam. 

Compared with vehicles with a high front end, the 

"flight path" of the dummy is different with the aerody- 

namic shape of the Auto 2000. This applies both to the 

kinematics of the dummy motion as well as to the contact 

time of the dummy on the front of the car. The initial 

impact is taken up by the front end which in case of 

pendulum test absorbs energy up to 2.5 mph. At higher 

speeds, the dummy comes into contact with the Sekuriflex 

windscreen. Figure 16 shows the contact between the car 

2000 and the pedestrian dummy during the collision 

phase. Although the data measured at the dummies are 

well below the criteria specified for restrained vehicle 

Figure 12. Hood/windscreen-design. 

SUMMARY 

The obligations incumbent on vehicle development 
should not just be seen in the field of vehicle safety. Along 
with the further increase in vehicle safety in the field of 
accident avoidance and mitigation of injuries, the require- 
ments in the field of energy saving (manufacturing and 

Figure 11. Body in white, operation), reduction of exhaust gas and noise emission 
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Figure 15. Safety-steering column. 

Figure 13. Door cross section. 

Figure 16. Collision of the Volkswagen-Auto 2000 with a 
pedestrian dummy. 

as well as new products and production technologies must 

be taken into account. For the fields of vehicle safety, it 

would appear apparent that along with further steps to- 

wards optimization in the field of accident avoidance, the 

assessment criteria for the behaviour of vehicles in a real 

crash in particular, but also in simulated accident tests 

will have to be reformulated. This applies in particular 
to the side collision, which represents a new area of em- 

phasis for research in the field of vehicle safety. 
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Aspects of Passive Safety in the  lercedes-Benz Research Car 

G UNTRAM H U BER were accorded equal significance with active and passive 

Daimler-Benz AG, Passenger Car safety. This frequently resulted in a search for a balanced 
compromise between contrary demands--for example, 
more safety for car occupants and road users outside the 
car coupled with reduced weight and economic recycling. 

While the total advantage to be derived was specified, 
the freedom allowed the participants to choose the major 

Under a national research programme, supported by objectives within this scope was felt to be a beneficial 
the Federal Ministry of Research and Technology, test feature of the research programme which enabled more 
vehicles for a touring car were developed which had to realistic experiences and initiatives to be introduced. 
take into equal account aspects of energy savings, econ- An important objective of the demonstration of auto- 
omy, environmental protection and safety. An important motive engineering advances in the rese&rch car, the de- 
partial objective of this programme was the design and velopment of which was supported by the Federal 
testing of measures with the prospect of a further 30% Ministry of Research and Technology, was the reduction 
reduction in injuries and deaths of road users in accidents of deaths and injuries in accidents involving cars by 30%. 
involving cars. 

Methods of improving passive safety emphasizing "pro- 
tection of car occupants in head-on and side collisions 
and protection of pedestrians and cyclists" are demon- 
strated on the research car. 

In countries with right-hand traffic, drivers are subject 
to the greatest risk of injury in head,on collisions due to 
forces acting mainly on the left side, seat use pattern and 
the added danger from pedals and steering. This is count- 
ered by reinforcement of the left side of the body and 
improved restraint systems for all seats. 

Increased resistance of the passenger compartment to 
deformation under transverse load and correspondingly 
re-designed interior surfaces of the doors are suited to 
reduce the load on the occupants in side collisions. Fur- 
thermore, a number of measures are currently being tested 
with the research car for the protection of pedestrians 
and cyclists, whose percentage involvement in accidents Figure 1 Mercedes-Benz research car. 
gains increasing importance due to the growing number 
of cyclists and the substantial advances made in car oc- As statistics show human error to be the cause of some 
cupant protection. 90% of all road accidents, measures to further improve 

The continued lack of suitable measuring devices and passive safety can be expected to be more effective than 
extremely fragmentary studies on the correlation of lab- improvements at the same effort and expense in the al- 
orator3, measurements with actual injuries suffered pre- ready highly developed active safety. 
sent great difficulties for coping with the challenge The new design features serve mainly the protection of 
effectively, 

car occupants in head-on and side collisions as well as 
the protection of pedestrians and cyclists, so that more 

INTRODUCTION than 80% of all injuries to persons in accidents involving 
cars are thus covered. The expected reduction in the 

In contrast to ESV/RSV development in the 1970’s, consequential cost of injury on the basis of the familiar 

with its extreme one-sided safety-oriented emphasis on AIS scale is taken as the measure of progress. The better 

occupant protection, the design of the Mercedes-Benz utilization of existing safety devices is not taken into 

research car was influenced by a broader requirement account, moreover (for example, according to a BAST 

profile guided by considerations of practical va~ue and study a 30% higher rate of belt use corresponds to a 20% 

advantage to society (Fig. 1). reduction in consequential cost of injury), In-depth case 

Measures designed to conserve energy and resources studies, an integral element of development and improve- 

and improve environmental compatibility and economy ment of production vehicles at Daimler-Benz for many 
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years, are the precondition for achieving good results with CASES WiTH MAIS 3÷-INJURED FFIONTSEAT OCCUPANTS 
the method selected (Fig. 2). 36% BELT USE ................ 

However, development work is rendered difficult by 
100 

........... the lack of useful measuring equipment (side collision and % TOTAL 240 CASES 
............. pedestrian dummies) and extremely fragmentary research 

80 
results on the correlation of measurable physical quan- 
tities from laboratory tests with the injuries suffered in 
accidents of comparable crash severity.                      60 

52% 

Passenger Protection in Head-on Collisions 
40 

Head-on collisions represent 60% of the car accidents 
with injury to passengers. They are by far the most fre- 28% 
quent type of accident and entail a high risk of injury to 
vehicle occupants owing to the great changes in velocity. 20% 

All endeavours to reduce these risks require reliable data 
on the frequency, severity and cause for a statistically 

30 510 70 k m I h 90 

relevant large number of vehicle collisions. EES (ENERGY EQUIVALENT SPEED) 

Figure 3 shows the distribution of head-on collisions-- Figure 3. Distribution of head,on collisions. 
in the form of cumulative frequency curves--as a function 
of the energy equivalent speed EES, which characterizes 
the nature and extent of the deformation of the vehicle 
and thus the severity of the accident. ----Only about 25% conform to the legally prescribed 

0° Two hundred forty frontal collisions causing at least barrier collision (3% of symmetric deformations 
one serious injury to or death of a passenger (MAIS 3+)         occur in crashes against trees or poles). 

i 
are taken into account. The EES was defined in connec- --In the speed range 40 < EES < 60 kmFn a sharp 

tion with the reconstruction of highway accidents and increase of cumulative frequency is recognized, 

has proven a far better descriptor of accident severity caused mainly by collisions on the left-hand side. 

.............. than the often used change of velocity A v. --Speeds of EES > 80 km/h are hardly relevant Eta- 

From the distribution curves in Figure 3 we can con- tistically because of glance-off and the smal! number 

clude: of cases. 

--60% of all serious to fatal injuries occur in the speed The analysis of the head-on collisions shows that the 

range with EES _< 50 km/h, mainly due to failure drivers are subjected to the greatest risk of injury. This 

to use restraint systems, can be explained by the additional danger coming from 

--More than 50% of all frontal collisions with serious the pedals and steering, the preponderance of left-hand 

injuries involve the left-hand side of the vehicle in offset collisions and the frequency of seat occupancy 

countries with right-hand traffic. This suggests a sim- (driver : frontpassenger : back seat = 4 : 2 : I). 

ilar frequency on the right-hand side in countries Consequently, improved occupant protection for the 

where driving is on the left. driver’s seat in head,on collisions must be accorded special 
significance in terms of efficiency (benefit/cost/weight 
requirement); Special attention should be given to an as, 
pect of left-hand collisions, particularly involving glance- 
off., in future accident evaluations and new vehicle designs 
(Fig. 4). 

Serious injuries, which in most cases determined the 
maximum injury severity (MAIS); to the lower extrem- 
ities were found in the study of 82 belt-wearing drivers 
whose cars collided in the left"hand offset mode. Due to 
the high intrusion speeds in the footwell and the smaller 
change of velocity AV this trend is augmented in collisions 
involving glance-off (Av <_ 0.7 EES), 

In addition to relatively minor head and thorax injuries 
specific injuries tothe lower extremities were observed 

due to "impact shocks" from EES = 40 kmih upwards~ 
The investigation of all belt’wearing occupants in head- 

Figure 2. Accident investigation team on scene, on collisions led to similar results: Injury severity MAIS 
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10 20 30 40 50 60 70 km/h 90 

EES (ENERGY EQUIVALENT SPEED) 

¯ t2 CASES ~ GLANCE~OFF t I STANDARD DEVIATION OF 70 CASES 
WITHOUT GLANCE-OFF 

Figure 4. Injury severity of belted drivers. 

I~igure 6, Frontal offset barrier test. 

3-6 occurred with the following frequency: lower extrem- 

ities 40%, trunk 27%, head 27%, upper extremities 6%. ment in steering shaft); and direction of pedals for- 

The following passive-safety-enhancing elements are wards when more severe deformation occurs 

being tested in the Mercedes-Benz research car: --Improved three-point belts on the front seats with 

all belt anchorages in the seat structure; buckles in- 
-Reinforced front end and passenger compartment 

tegrated in the rear cushion (Fig. 5) 
structure on left-hand side (asymmetric) 

--Modified arrangement of components in the engine 
--Two-stage automatic support through belt tensioners 

on all seats and airbag in the steering wheel 
compartment to reduce residual block length after --Windscreen made of laminated glass with anti-shat- 
compression through crash forces                        ter film 

--Improved coupling of the right-side front-end struc- --New type of child restraint system as integral part 
ture, which is not directly loaded in a left offset of the rear seat, adaptable as regards age and inter- 
collision, with the left-hand side, by means of a high 

changeability: 
strength bumper support and the hood, which is 

hinged on the left and locked in two places As test procedure the frontal collision at 55 km/h with 

--Control of front wheel turn (because of influence on a solid obstacle, offset to the left, with 40% overlap of 

leg room!); disconnection of steering gear--.steering the vehicle width was selected (Fig. 6). 

wheel link dependent on displacement (Aramid ele- 
Results: 

First tests with modified production cars including 

evaluations on the Bendix-Accelerator have already given 

some positive results. For example, despite the extreme 

test condition the passenger compartment remained intact 

as a survival space while acceleration was appreciably 

reduced (a = 20 g instead of 33 g) and steering displace- 

ment lessened and occupants could be freed without dif- 

ficulty (door opening forces < 50 N). 

Through measures applied to the restraint system, the 

following values for load on occupants were obtained for 

driver and front passenger in comparison with the pro- 

duction cars (Fig, 7). 

Protection of Occupants in Side Collisions 
A study of side collisions as to type of deformation, 

direction of impact, speed and severity of injury is not 

yet available. A small number of cases but a large variety 

of parameters make conclusive judgments difficulti The 

great risk of injury in side collisions is brought about by 

Figure 5. Front seats with integrated three-point belts, the extent and shape of the intrusion, the intrusion speed 
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creased mileages of cars. By contrast, a sharp rise in 
injuries and deaths to motorized cyclists can be noted. 

Their accident balance, still little analyzed at this time, 

is difficult to influence by measures applied to cars owing 
to the large share of intrinsic energy, the higher riding 
position and the wide dispersion of contact points. 

The degree to which external road users are endangered 
is represented in the case studies at hand by the injury 
risk ascertained in relation to contact areas on the vehicle 

..............    (Fig. 10). 
The greatest risk of injury to pedestrians stems from 

contact with the vehicle front, injury mechanisms of 
which have been adequately researched. For cyclists only Figure 11. Car to pedestrian test. 
few preliminary study results are available. In comparison 
to pedestrians the large percentage of side contacts is 
conspicuous. 

RELATIVE INJURY RISK (reL IR) As suitable test method a combination of pendulum 
tests on frequently impacted structural elements and 
model calculations is recommended. The latter serve to 

~ ascertain contact points and test parameters in the de. 
45% 

~ ~ ~ cz:zz °I°"==~ === velopment phase of new vehicles. 
In the absence of adequate experience with this method 

of optimization, dummy tests with the CCMC pedestrian 
position will be performed as a transitional arrangement 
(Fig. 11). 

Results: 
,E ..... ....... ~’" ~0ot~,o~ In Figure 12 first results of tests with a relatively fre- 

~ IR~ 246 PEDESTRIAN TO PASSENGER CAR COLLtSIONS 
j~l quent impact speed in city traffic of 25 km/h are shown. 

.................................. ~~~ According to the results, all measurable load values with 
° ."~[,"~’~g’~ss~,~,~° ....... the exception of the head values for the child dummy 

could be reduced. The higher head load despite the soft 
~,T: D~.. srO~ ~, nose is traceable to the front edge of the hood (conflicting 

Figure 10. Causes and risk of injuries with car collisions to targets load-bearing hood/head impact zone). Generally 
pedestrians, speaking, these test results should be viewed with caution 

due to only inadequate modification of the dummies and 

The following injury-reducing measures, which mostly because measurements of this kind only partially reflect 

benefit also cyclists, are being tested on the Mercedes- the risk of injury. 

Benz research car: 

--Bumpers with energy-absorbing foam facing in front 
of the basebeam and Polyurethane spoiler with lower 
leg contact area moved downwards 

--Soft face with radiator grille of fibre-reinforced 
polyurethane and yielding headlamp lenses of 
Poly methylmethacrylate. 

~Fenders and complete panelling of A-pillars made of 
Polyurethane 

~Hood edges and sealing hood / engine capsule / 
accessories partition with low resistance to defor- 
mation under vertical loading 

--More deeply set nose contour (children) and com- 
pletely recessed windscreen wipers 

--Two-shell roof frame construction without roll.fin. 
ished edge and projecting trim to reduce risk of injury 

to cyclists. Figure 12. Dummy loads in pedestrian tests. 
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The following elements for enhancing occupant pro- 
tection in side collisions are being tested in the Mercedes- 
Benz research car (Fig. 9): 

--Claw type overlap between all doors, the lower sec .......... 
tions of which are reinforced, and the side members, 
transversely reinforced with interior plates; addi- 
tional overlap of front doors at the reinforced bases 
of the centre pillars (bumper contact area!) 

--Tension-compression connections in the doors be- 
tween upper hinges and door latches 

--Transverse stiffening of the passenger compartment 
through floor cross member including transmission 
tunnel bridge, recessed bulkhead and load-bearing 

Figure 7. Dummy loads in front offset barrier tests,              seat structures (protective zones) 

of the impacted sidewall structure relative to the occr- 
pants and the limited capacity of the structural members 
and body panelling to absorb energy. 

The risk of injury to the occupants can--as shown in 
Figure 8--be correlated with certain parts of the vehicle 
and can be determined from the frequency of contaci:s 
and the severity of the injuries using factors proportional 
to the consequential cost of injury. 

Based on the results of the 222 side collisions with 336 
injured passengers investigated by us we conclude: 

--The most frequent cause of injury and thus the grea~- 
est risk of injury" is attributable to the interior surfaces 
of the doors. 

--The most serious injuries are attributable to objec~:s 
outside the passenger compartment, chiefly becau,~e 
of contact with the head due to the breakage of 
prestressed glass panes and intrusions. 

--A similarly high risk exists in the head impact area: Figure 9: Improved occupant protection in lateral collisions: 

doorposts, side roof frame and window frames, tt~e 
latter particularly in conjunction with broken sic~e --Expanded hip impact zones on all doors with approx. 
windows. 80 mm thick energy absorbing foam members be- 

tween inside and outside panels on the front doors 
CAUSE OF INJURY 

1NJURIEsNUMBER OF 
RELATIVE m --All side windows made of Polycarbonate with high 

SURFACE OF SIDE INTERIOR 
~ 1190j0 l impact strength, firmly glued to the window frame 

OTHER VEH, AND EXT, OBJECT ~ 117% ! ~Sandwiched prefab headliner with energy absorbing 
INERTIAl. FORCE, WHIPLASH ~ 111°/0 ] foam and Kevlar surface layer which yields fairly 
RESTRAINT SYSTEU ~ ~ well under pressure in the head contact area 
B-~ILt~R [-qT] ~ ---All belt anchorages on the seat separated from the 
O~H~R OCCU~A~ ~ ~ sidewall structure which takes the direct impact. 

.~L.,.o "--’~. ,oOt~o~ The measures were to be tested in impact tests with 

~ m, the moving barrier in accordance with ISO/TC 22/SC 
~=~ 10 striking the standing research car at 45 km/h at an 

angle of 90°. Results of the tests are not yet available. 
3 4 

o .o...oo~,’.:~.,....~.o.o...o.. Protection of Pedestrians and Cyclists 
~ .o~. o~ c~o.~ o.,..~.,~s The number of injured and killed pedestrians shows a 

Figure 8. Cause and risk of injuries in side impacts, slightly declining trend, particularly relative to the in- 
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Influence of Research Results on Production measures---even partially modified--may be found on fu- 
Cars: ture production cars which will be in strict correspond- 

The research programme has accelerated the demon- ence with our standards regarding function, reliability and 

stration of some new steps suited to improve further on quality. To achieve economically justified results towards 

safety, economy and environmental compatibility of pas- improved protection of road traffic participants, increased 

senger cars. The profound examination of the demon- willingness of car occupants to use existing means for 

strated engineering solutions is still pending. Only those protection is a prerequisite. 

Study of Devices Designed to Improve Safety Belt Performance 

M. PETIOT and J. PROVENSAL high mean deceleration, i.e., over a short stopping dis- 

.............. Renault State Owned Works tance. In the case of an orthogonal head-on collision, the 
occupant energy dissipated by the coupling is of the order Research and Development Department    of 25 to 35%. 

Of the several factors which limit the share of coupling, 
INTRODUCTION two are regularly mentioned: first of all, the belt wearing 

slack, and secondly, movement of the webbing resulting 
Safety belt efficiency in head-on collisions has been from tightening of the strap reserve on the retractor spc,ol 

confirmed by multidisciplinary analysis of actual acci- (spool out effect). 
dents. However, this efficiency is limited, and wearing of Over recent years, devices to suppress these factors have 
a safety belt is not a guarantee of protection against im- been under study. Strap pretension devices concern wear- 
pacts of any violence whatsoever. If the reader refers to ing slack and, in part, movement. The belt locking devices 
a recent accidentology analysis performed by the Peugeot- are intended to suppress movement. 

.......... Renault association, restraining improvement in the event Renault is convinced that an improvement in coupling 
........... of head-on collisions remains an essential priority. In fact, is still a highly interesting factor and, since 1970, has 

according to this survey, and in the hypothesis in which conducted studies in this field. In a previous paper, Re- 
belts are worn at a rate of 100%, head-on collisions will nault presented its work concerning pretensioners (11). 
still cause as many deaths as all other collisions config- Up to the present, the interest of web locking devices 
urations combined, was cancelled out by systematic breaking of the straps 

In a head-on collision, there are three main reasons due to the locking clamps or claws. Recently, research 
why wearing a seat belt does not prevent death or severe in this field was renewed, due to the availability of newly 
injury: designed devices located at the retractor. 

--The occupant strikes an element of the compartment 
This paper is devoted to an examination of the progress 

violently. This is due to an excessive movement of 
actually due to these devices, omitting aspects relative to 

the occupant inside the compartment, and is favor- 
comfort. Renault considers that comfort cannot be ne- 

ized by a high intrusion level, 
glected, and all the more so since unwinding and re- 
winding problems, together with difficulties in correctly 

--The threshold of resistance of the occupant’s thorax 
adjusting the pressure on the thorax, are to be feared. 

is exceeded, subsequent to excessively high forces in 
However, in agreement with belt manufacturers, it has 

the shoulder belt. 
been admitted that the state of progress of the prototypes 

--The occupant "submarined." 
used does not, at least for the moment, enable an objective 

For the first two reasons cited, improvement in seat judgment to be made concerning the final performances 
belts involves the resolution of a dilemma, increasing of such devices in this field. 
retention without increasing belt solicitations. The solu- 
tion to this problem is known, and consists in improving 
coupling (or ride down effect), i.e., obtaining a better 
immediate coupling of the occupant to the vehicle, so as DEVICES TESTED 
to use the stopping distance of the vehicle to the best 
possible advantage. Presentation of Devices 

With a standard three-point belt, the part of the oc- In the present state of the technique, devices located 
cupant energy dissipated by coupling is relatively low. at the D. ring were not retained due to breaking of the 
Moreover, this is all the lower if the impact occurs at a webbing at the clamping device. 
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Five different types of lockers located at the retractor 

were or are being tested. 

These are broken down into two classes, according to 

their operating principle. 

Type A 

The web locker is independent of the retractor. Locking 

results from deceleration of the compartment. Deceler- 

ation causes movement of a flyweight, which actuates the 

locking device. In the open position, both locking clamps 

are open, and allow the strap to slide freely. This principle 

has no adverse effect on comfort. 

Figure 2. Web locker B. 

Operation Validation 

Webbing ruptures 

Our work has demonstrated that the breaking resist- 

ance of the belt as a whole was not decreased with respect 

to that of a standard three-point belt. 

During particularly stringent catapult tests, designed 

to approach the resistance limits of the safety belt, the 

percentage breakages, with or without a locker, were not 

significantly different. In 20% of the cases, breaking oc- 

curred with a three-point standard belt, and in 24% of 

cases with the locker. All breaks were located on the 

strap, the return loop or at the sliding buckle. Whatever 

the type of locker tested, there were never any traces of 

Figure 1. Web locker A. incipient tearing of the strap at the clamping device. 

No breakages occurred during the barrier collision tests 

Type B using the locker. 

The locking device is located under the retractor. Lock- 

ing results from forces in the strap. Once the retractor Spool out reduction 

has been locked, any pull on the strap causes the locking The use of a locker considerably reduces movement 

clamps to close in. The clamping pressure increases with due to tightening of the webbing around the retractor 

belt webbing tension. When the roller is not locked, the spool. 

clamps cannot close; this is the open position. With this This movement obviously increases with the length of 

principle, there will be a decrease in comfort if the device the strap wound, the severity of the collision and the mass 

has not been carefully designed, of the dummy. 

Table 1. Average results of 18 sled tests with proc~uction cars (50 km/h - 0°). 

Conventional 
Retractor Weblocker A Weblocker B 

Film spool                 146 16,5 54 
(mm) 

Head 
displacement 655 640 625 

(mm) 

~L chest 47 44 42 
(g - 3 ms) 

F shoulder 
belt 690 730 860 

(daN) 
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One gives, hereinafter, the mean travel values at the --3 collisions against barrier with complete R. 18 vehicle 

outlet from the retractor, obtained over 40 sled tests, 

performed under identical conditions; i.e., speed 50 kph, 
The conditions were as follows: speed 50 kph, orthog- 

.............. deceleration pulse for R.20 against 0° barrier, length of 
onal barrier, H2 dummies installed in the seat track mid- 

.......... strap wound 800 mm, 12% elongation polyester strap, 
position, three-point series production belt with or with- 

Hybrid 2 dummy. With a standard three-point belt, the 
out locker. One collision was performed with a conven- 

mean spoo! out is 170 mm. For tests using a locker, the 
tional retractor, one with locker A and one with locker 

movement is reduced to 20, 30, 50 and 60 mm, depending 
B. 

on the prototype locker used. Results 
............. The type A locker gave noticeably better performances Locker efficiency was estimated by measuring the char- 

than the type B. During subsequent tests, this was con- acteristic restraining parameters, i.e.: 
firmed (see Tables 1 and 2). This advantage seems to be 

a logical consequence of the operating principle, which --Head movement within the compartment. This meas- 

enables locking as soon as the flyweight moves. For the urement was not retained when a head impact oc, 

type B prototypes, clamping calls for locking of the re- curred. 

............ tractor, then strap movement while the clamps close in. --The driver HIC and the impact speed of the head, 

............. for barrier collisions. The HICs obtained without 

head impact are not characteristic of potential in- 

juries, and were therefore not taken into considera- 

LOCKERS ASSOCIATED WITH A STAND- tion (however, time over 80 g,s has always been 

ARD THREE-POINT BELT mentioned). 
---Thorax 3 ms deceleration. 

0° Collision Configuration --Force in the shoulder belt at the shoulder. 

Test program --Femur forces. 

--18 sled tests on R. 18 body 
--"Submarining." 

The test conditions were as follows: speed 50 kph; R.18 The results obtained call for the following comments 

deceleration law against 0° wall at 50 km per hr; dash- (see Tables 1 and 2). 

board, windshield and steering column removed; series 

production three-point belt with or without locker, H2 Head forward movement 
dummy installed in seat track mid-position. Six tests were 

performed using a conventional retractor, six with a type Sled tests show only a slight reduction in head forward 

A locker and six with a type B locker, movement: 15 mm for the type A locker and 30 mm for 

Table 2. Results of crash tests with production cars (50 km/h - 0°). 

Conventional 
Retractor              Weblocker A             Weblocker B 

Driver Passenger Driver Passenger Driver Passenger 

Film spool (mm) 90 105 8 0 40 45 

Head displacement 
(mm)                     --        615         --        625         --         595 

HIC 
(relative values) 100 -- 116 -- 62 -- 

t for 3~ head > 80 g 
(en ms) 0,8 0 8,7 0 0,8 0 

Head impact speed 
(ms) 15 -- 13 -- 13 W 

3~L chest 
(g - 3ms) (ms) 57 50 44 39 45 43 

?,L Pelvis 
(g - 3 ms) (ms) 44 36 45 35 52 45 

F shoulder belt 
(daN) 535 540 680 630 810 780 

Femur load left 
(daN) 100 260 80 360 120 200 

Femur load right 
(daN) 240 140 220 170 390 180 
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the type B locker. During barrier collision tests, an in- by a detailed energy study which it is not possible to 

crease in head forward movement of 10 mm was observed develop here. At most, on the deceleration curves re- 

with locker A, and a decrease of 20 mm with locker B. corded during the barrier collision tests, it is possible to 

These differences remain of the same order of magnitude observe that the actual start of restraining of the dummy 

as those imputable to dispersions, and it would seem is hardly effected by the presence of a locker (see Fig. 3). 

justified to conclude that no noticeable gain has been It should be stated that this result, as observed for high 

provided by the lockers, mean deceleration collisions is not necessarily obtained 

In spite of the absence of head forward movement for lower mean deceleration collisions. Now, it should be 

reduction, a certain reduction in shoulder forward move- noted that accidentologists consider the latter more rep- 

ment was, however, noted. This contradiction can be ex- resentative of accidentological reality. 

plained by kinematic modifications. In particular, we On average, the use of a locker entails a slight increase 

observed that the use of a locker increases rotation of the in the thorax 3 ms deceleration criterion. Due to increase 

thorax with respect to the shoulder strap---shoulder con- of the force in the shoulder strap, it is probable that this 

tact point. Strongly restrained by the shoulder strap at decrease results from an increase in rotation of the thorax 

the shoulder, the dummy tends to turn towards the door. as already mentioned. Therefore, this cannot be consid- 

This twist explains the decrease in shoulder forward ered as an actual benefit in safety, 

movement, without a decrease in head forward move- 

ment. 
"Submarining" 

HIC and head impact speed The use of a locker seems to increase the tendency to 

With respect to the series production three-point belt 
"submarine." This phenomenon is closely related to the 

test, driver HIC increased by 17% with the type A locker, 
design of the overall restraining system. Also, and al- 

and decreased by 35% with the type B locker. These 
though the use of a locker has not excessively downgraded 

performances of the vehicle used for these tests, this prob- 
important differences do not, however, indicate a ranking 

of efficiency. These results from a minor modification of 
lem should, in our opinion, be taken into consideration 
before making a decision to install a locker on a given 

the kinematics. In one case, head-steering wheel impact 
vehicle. 

took place at the hub, and the other at the rim. 

The head impact speed was slightly decreased by the 

use of a locker. This gain may be the result of better Femur force 
restraining of the dummy at the shoulder. Because of the 

HICs obtained, it should, however, be noted that this gain On the vehicle used, the values obtained with the three- 
does not provide a sufficient remedy to the differences in point, series production belt were low, and this criterion 
head impact location, cannot, therefore, be a discriminating factor in this type 

of collision. 

Forces in strap and head and thorax decelera- 

tion 
30° configuration 

Measurement of the force in the shoulder strap at the 

shoulder is a difficult operation. The results showed rel- Test program--7 collisions at 65 kph (30° left) 
atively high dispersions, and, considered isolatedly, the 

figures given should be considered with reserve. The (oblique) configuration is generally considered as 

However, for the overall tests, it is undeniable that the more representative of actual accidents than an orthog- 

use of a locker is accompanied by an increase in forces onal collision. A study intended to quantize the efficiency 

in the shoulder strap; this can be estimated as between 5 of lockers in terms of actual safety must therefore involve 

and 15%. certain tests in this configuration. The 30° left impact 

It seems possible to explain this increase as follows: using a complete R.18 vehicle was retained. (In this con- 

the use of a locker increases the overall stiffness of the figuration, the vehicle collided with the barrier from the 

safety belt, but does not noticeably increase that part of left-hand side, the wall being inclined by 30° with respect 

dummy energy dissipated due to coupling with the ve- to the longitudinal axis of the vehicle, see Figure 4.) 

hicle. Mainly, the share of this coupling is limited by the Moreover, and in order to obtain extreme severity con- 

existence of occupant-belt slack. Tightening of the strap ditions, the collision speed was 65 kph. Under these con- 

on the retractor spool influences this slack, but is not a ditions of severity, results are generally dispersed, and it 

preponderant element. The wearing of the belt, the stiff- was therefore necessary to conduct several collisions, i.e., 

ness of the seat cushion and deformation of the occupant three with a series production, three-point belt, and four 

forms the major part. This observation has been justified with lockers. 
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I 

PELVIS PELVIS 

O 100 O 100 

~WEBLOCt(ER B 
..... CONVENTIONAL 

I~ETRACTOR 

Figure 3. Chest and pelvis deceleration pulses. 

Results due to a modification of the kinematic. This point is 

Injury criteria 
developed below. 

Conversely, a single, more efficient restraint seems to 

The mean values obtained are combined in Table 3. explain the decrease in femur forces. Due to the order of 

For the driver, and with the exception of the shoulder magnitude of the values, the decrease obtained can be 

strap force, the use of a locker causes a general decrease considered as particularly interesting. In fact, and if it is 

in injury criteria. This decrease is obvious for HIC and admitted that the mean human tolerance corresponds to 

femur forces, the mean values dropping by almost half. a value of 1,000 daN, this signifies that it was possible 

In our opinion, the differences in HIC are once again to avoid dangerous impacts. 

Table 3. Average results of 7 crash tests with production cars (65 km/h - 30°G). 

Conventional Retractor Web!ocker 

Driver Passenger Driver Passenger 
Film spool (mm) 97,5 123 24 25 

HIC (s) 1580 -- 907 -- 

t for 3, Head > 80 g (ms) 13,3 6,6 2,4 4,6 

"~R chest 
(g -- 3 ms) (ms) 58 42 47 44 

),R Pelvis 
(g - 3 ms) (ms) 69 58 60 52 

Femur load left 
(daN) 432 510 160 223 

Femur load right 
(daN) 1.038 213 495 196 

F shoulder belt 
(daN) 580 785 725 785 
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For the passenger, the results are globally positive. Using a locker, while increasing thorax rotation, also 

However, the gains obtained are much less pronounced accentuates lateral movement of the head. The conse- 

than for the driver, and cannot be considered as actually quences of this are to move the impact point of the head 

representative in terms of real safety. This is all the more completely on the steering wheel rim, thus reducing col- 

clear if kinematics are taken into account, lision severity. 

Passenger 
Kinematic analysis 

Without a locker, movement to the left of the passenger 

With respect to the 0° collision, this type of impact is causes slippage of the belt on the shoulder; the strap, 
dissymmetric. Simultaneously to the transverse movement which catches in the articulation of the arm, produces 
of the vehicle to the right, there is a transverse movement important rotation of the thorax. The dummy has a tend- 
of the dummies to the left. See Fig. 4. ency to escape from the belt. 

This transverse movement calls for separate analysis of The use of a locker accentuates thorax rotation, thus 
driver and passenger restraint, increasing the risk of escape. If this escape possibility, 

which was highlighted using an H2 dummy, is obtained 

with an actual occupant, it can be considered that the 

Driver use of a locker under these conditions is useless, and even 

dangerous. 
Driver movement to the left, without locker, 

--favorizes a correct position of the shoulder strap on 

the shoulder LOCKERS ASSOCIATED WITH AN OPTI- 
--decreases thorax rotation MIZED THREE-POINT BELT 
removes the head impact towards the outside of the 

steering wheel, the impact location itself being shared Parameters Modified 
between the rim and the hub. 

Allowing for previously acquired information, optim- 

ization concerned: 

the position of the three belt attachment points 

~~~j 

i 
~~.~"    the percentage elongation of the strap (6, 12, 17%) the seat cushion stiffness and geometry. 

? ,~"             The only objective sought was to improve efficiency of 

the lockers. To achieve this, efforts have been made to: 

\1~ ~)/ limit rotation of the thorax 

accentuate shoulder restraining 

Test --avoid the risk of "submarining." Program 

Over an initial stage, twenty sled tests were performed 

to study the effect of each of these parameters. In order 

Pt~SSENGI~R               OI~IVISR              to judge the effect of the modifications on locker effi- 

ciency, each configuration was tested once without the 

locker, and once with. Only the principal conclusions are 

mentioned here, so as not to complicate this paper. 

The position of the attachment point is, by far, the 

most discriminating parameter. However, it seems pref- 

erable to use a strap of 6% elongation, with a relatively 

stiff seat cushion. 
30° 

i ’, The position of each of the 3 anchorage points has a 

notable effect, but it was only by raising the shoulder 

strap point that it was possible to fully monitor rotation 

Figure 4. 30° angled barrier test at 65 km/h. of the tho~rax. 
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Subsequent to this study, the following optimum con-    Table 4. Results of sled tests with modified cars (50 km/h 
figuration was retained:                                       - 0°). 

--shoulder strap point raised by 100 mm Conventional 

............ --outside lap belt point advanced by 100 mm Retractor Weblocker A 

--inside lap belt point back by 100 mm and lowered Spool film 80 0 

by 50 mm (mm) 

--6% elongation strap Head displacement 595 500 

--seat cushion reinforced. (mm) 

"fL chest 47 52 
After sled testing, this configuration was subjected to (g - 3 ms) (ms) 

two 50 km/h orthogonal barrier collisions, using a com-      yL Pelvis     (ms)        36            37 
plete R. 18 automobile, one with conventional retractors (g - 3 ms) 

and the other with lockers. F shoulder belt N.A. 720 
(daN) 

Results 
Results obtained during the catapult and wall tests are 

given in Tables 4 and 5 respectively. Here, it is worth noting that the use of a locker with 
The basic conclusion that can be drawn is that optim- a standard three-point belt gave a reduction of only 15 

ization of the various items involving restraining as a to 30 mm on average, depending on the type of locker. 
function of locker presence has, as expected, increased For the barrier test, a head travel on the passenger side 
the efficiency of the locker as far as the occupant move- 

of 520 mm was obtained. This represents a gain: 
ment is concerned. 

With the sled, it was possible to obtain a head travel ---of the order of 100 mm with respect to collisions 

of 500 mm. This represents a gain: using the standard three-point belt. It should be re- 
membered that, under these conditions, the use of a 

--of 155 mm, with respect to the reference tests (base- locker did not provide any noticeable gain; 
line car ÷ conventional retractor) ---of 55 mm, with respect to the collision in the opti- 

---of 130 mm with respect to tests using the locker only mized configuration with a conventional retractor. 
(baseline car + locker) 

--of 95 mm with respect to the modified car test (mod- In the optimized configuration, and for barrier impacts, 

ified car ÷ conventional retractor), an important decrease in driver HIC was noted with 

Table 5. Results of crash test with modified cars (50 km/h - 0°). 

Conventional Retractor Weblocker A 

Driver Passenger Driver Passenger 

Film spool (mm) 95 130 0 0 
Head displacement m 575 m 520 

HIC 
relative values 
standard belt 75 -- 54 m 

t for 3’ head > 80 g 2,9 0 1,5 0 
(ms) 

Head impact speed 14 m 11,7 I -- 
(ms) 

3’~ chest (ms) 
49 42 40 35 

(g - :3 ms) 
48            34            41            37 3"L Pelvis        (ms) 

(g -- 3 ms) 

F shoulder belt 770 760 710 720 
(daN) 

F pelvis belt 770 760 860 830 
(daN) 

Femur load left 125 160 170 150 

Femur load right 155 150 120 180 
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respect to the value obtained using the series production that the newly developed belt geometry is not com- 

vehicle. This decrease can be explained by the different patible with the various criteria which a restraining 

head impact locations. In both cases, impact occurred device must meet. In particular, this applies to com- 

against the top of the steering wheel. The difference be- fort. The shoulder strap is too high at neck level. It 

tween these two tests may result from the difference be- should also be noted that the new outside attachment 

tween the two impact speeds. However, it should be noted point of the lap belt is no longer located in the zone 

that the values obtained are both below what is considered mandated by the standards. 

to be the tolerable threshold. The difference obtained 

therefore does not necessarily signify that injuries can be As far as the fundamental object of this study is con- 
avoided, cerned, i.e., examination of progress in actual safety pro- 

As far as the other criteria are concerned, the results vided by the use of such devices, the state of progress of 
do not seem to question the conclusions obtained sub- our work indicates contradictory results which are dif- 
sequent to tests performed with a standard three-point ficult to estimate. However, if the various corporal seg- 
belt. ments involved in head-on collisions are treated 

separately, several trends become clear. 

CONCLUSION 

Lower members 
This study has shown that several retractor located belt 

locking devices which operate correctly are at present In our study, the use of a locker can, in some cases, 
available on the market. Use of these considerably reduces 

avoid dangerous solicitations of the femur, and cannot be 
strap movement at the outlet from the retractor, without considered as unfavorable. The gain involved is difficult 
noticeably increasing the risk of overall rupture of the to estimate. Moreover, it must be considered that the 
safety belt. severity of injuries on the femur segment is potentially 

The effects on restraining, which are imputable to the less important than to other segments. 
use of lockers of this type, are complex and difficult to 

estimate. However, some major points can be highlighted. 

The use of a locker does not increase coupling sensi- 

tivity, and, in particular, this applies to a high mean Abdomen 
deceleration collision. Suppression of spool out increases 

the overall stiffness of the restraining device. Solicitations 
"Submarining," implying loading of the soft parts of 

on the occupants due to the forces developed on the belt 
the abdomen, on the one hand, and the spinal column, 

are therefore conserved or even increased. 
By "stiffening" the restraining device, a locker can on the other, due to the lap belt can be the origin of 

increase retention. However, and allowing for the oper- 
severe injuries. Therefore, this phenomenon cannot be 

ation of a standard three-point belt, this gain in stiffness 
neglected. The use of a locker seems to increase this risk. 

However, prior to installing a locker on a given vehicle, 
does not necessarily result in a reduction of the travel of 

it would be at least desirable that this does not lead to 
the dummy inside the passenger compartment. To obtain 

unacceptable "submarining." 
positive results, optimization of the restraining device may 

be necessary. While potentially obtainable, the limits of 

an optimization of this type should be noted. 

Thorax 
a. The geometric position of the attachments has been 

optimized for a given model size and a given seat Injuries to the thorax result either from the safety belt 
adjustment. In other cases, this may be inefficient itself, or interaction with the steering column. As far as 
or even dangerous, injuries caused by the belt alone are concerned, it would 

b. The developed optimization was tested for orthog- seem preferable to consider the shoulderstrap force at the 
onal collisions only, and it is not certain that this shoulder, instead of the thorax 3 ms deceleration criterion. 
will be efficient in other collision configurations. For Since injuries are a function of the occupant’s age, and 
example, and according to our study, suppression knowing that the lower age groups are over-represented 
of model rotation in the event of a 65 km per hour in accidents, it is legitimate to have efficient restraint, 

30°L collision would render the impact of the driv- limiting travel and implying a tolerably high shoulder 
er’s head against the steering column more severe, force for young occupants. However, the use of a locker 

c. For this optimization, only the efficiency criterion notably increases this force, and it is impossible not to 

was taken into account. Now, it should be noted fear supplementary injuries to the thorax. 
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A Lightweight Two-Passenger Automobile Combining Improved Crash- 
worthiness, Good Performance, and I-’xcellent Fuel Economy 

MICHAEL R. SEAL a manageable crash pulse. To this end the front and rear 

Director, Vehicle Research Institute chassis panels were made from 6061 T-3 .75 mm thick. 

Western Washington University The nose section of the structure ahead of the toeboard 
was filled with aluminum honeycomb material. (Fig. 2.) 
On the advice of Mr. Sol Davis of Dynamic Science it 

MICHAEL FITZPATRICK was decided to use aluminum honeycomb material with 
Fitzpatrick Engineering a crush strength of 100 psi (7 kg per cm2) over an area 

of 400 sq. in. (2581 cm2) for a 40,000 lb (18,182 kg) force 
through the available 29.5 in. (75 mm) crush stroke of 

the front end of the car ....... 
The Viking Six Integrated Research Vehicle was de- 

signed under contract to the National Highway Traffic 
Safety Administration of the Department of Transpor- Passive Restraint Airbelts 
tation to demonstrate that it is possible to obtain superior 
fuel economy and performance without compromising Although the original design of the car had called for 

passenger safety. The Viking Six has achieved occupant a passive belt design the only pyrotechnic inflator avail- 

survival in a 41.2 mph barrier crash, fuel economy of able at this time mandated an active belt system for the 

40.4 mph city and 66.6 mph highway, and has met 1982 crash test. (Fig. 4.) Late in 1980 Mr. M. Fitzpatrick of 

exhaust emission standards. It can accelerate from 0-60 Fitzpatrick Engineering designed and static tested an "in- 

in less than 9 seconds and shows outstanding stability on belt gas generator" which Vehicle Research Institute per- 

comers and in crosswinds, sonnel have installed in a functional passive restraint air 
belt system on the second iteration of the Viking Six 
design. (Fig. 3.) 

Once the problem of the in-belt inflator was solved it 

The Viking One through Five series of experimental became possible to complete the passive restraint design 

vehicles have demonstrated ability to achieve extremely originally intended. Unfortunately if we were to use the 
force limiting system developed for the first crash test we high fuel economy and the ability to meet stringent ex- 

haust emission standards. The Viking Six vehicle breaks would have to devise some system for automatic decou- 

new ground because a high degree of crashworthiness and piing when the hatch is raised for occupant entry or 

occupant safety has been achieved without compromising egress. A simple peg-in-hole system independent of the 
main hatch latching system solved the problem and the exhaust emissions or fuel economy. 
belt end was riveted up to the hatch with aluminum rivets 
that shear off at about 200 lb force. (Fig. 5.) A notch is 

SAFETY FEATURES cut into the forward face of the peg so that relative motion 

Crashworthy Structure during the crash sequence will shear the rivets before the 
2200 lb force limiters started to stroke ensuring that there 

Viking Six was designed to see if it would be possible would be no excessive g loading at the beginning of the 
to build an ultralight (1320 lb, 600 kg) fuel efficient vehicle stroke. 
capable of providing safety at least as good as that pro- 
vided by full sized cars. Its performance in a crash test 
at Dynamic Science in Arizona on May 29, 1980 showed 
an ability to provide survivability for the occupants in a Gas Generator 
41.2 mph (66 kph) crash. In order to provide good crash- Figure 6 shows the gas generator chosen. It is manu- 

worthiness in such a vehicle many unusual design steps factured by Thiokol and weighs only 6 oz fully loaded 

were taken. To make sure that the occupants would not for each occupant as opposed to 7.6 lb for the former gas 

be crushed in the crash event the central monocoque generator used in the crash test. Although the in-belt gas 

chassis section was made extremely stiff as shown in generator has only 12 gms of propellant per occupant vs 

Figure 1 with 1.5 mm to 2 mm 7075 T-6 sheet and hat 57 gms per occupant in the old system, the gas would be 

section riveted together. This structure was obviously stiff much hotter at 1600 degrees Fahrenheit (871 degrees 

enough as it only suffered a 4 mm permanent deformation Celsius) as compared with 6130 degrees Fahrenheit (315 

after the crash event. The front and rear chassis sections degrees Celsius) of the previous system which would help 

were designed to crush at much lower loadings to provide to bridge the gap. Also assisting in this regard was the 
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Figure 1. Viking Six chassis drawings. 
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Figure 2. Front chassis pictorial. 
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Figure 3, Belts on dummies. Figure 4. Viking Six MK II seat belts. 

new airbelt design which was configured to have the RESTRAINT SYSTEM DESIGN 
airbelt volume in only the area required for proper per- 
formance. As airbelt inflation is used primarily to prevent At the conclusion of the four sled tests Fitzpatrick 

forward rotation of the head almost all of the available Engineering settled on a total restraint system design 

volume within the airbelt was devoted to supporting the which was judged to have the most potential for meeting 

head. the Federal Motor Vehicle Safety Standards (FMVSS) 

As a result of a number of static tests and mathematical 208 injury criteria in a frontal barrier crash of 40 mph. 

analyses Fitzpatrick concluded that a 550 cu. in. volume The 40 mph impact velocity was chosen based upon sled 
test results as well as predicted behavior of the vehicle airbelt loaded with 12 gins of propellant activated 20 ms 

into the crash event should provide performance equiv- structure in the crash. 

alent to the crash test performed on the first Viking Six 
vehicle. Gas Generator 

The gas generator chosen for use as the inflation source 

FITZPATRICK ENGINEERING REPORT for the airbelt systems was a generator originally man. 
ufactured for installation in a steering wheel hub and used 

As Mr. M. Fitzpatrick had the primary responsibility with a driver airbag system. The gas generator was sup- 
for restraint system design the following excerpt from his plied by Thiokol and loaded with 115 grams of DLZ 113 
final report to the NHTSA is presented here. gas generant (50 gins of pellets 0.120 in. (3 mm) thick 

SIZE: 2.5 X 1.875 X 0.875 IN. 

ROLL WEIGIIT (LOADED): 60Z 

IGNITER BOOSTER ~ 

##~ 
SCREENS 

T.I.G. RIVETS 
. CASE 

HATCH BRACKET 

COM POSITION 

PELLETS OR 

PIN                                      ~ ’~           ~ WAyT- ~ AMP 

STRIP 

LEADS 

Figure 5. Belt decoupler drawing. Figure 6. In-belt gas generator. 
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and 65 gms of pellets 0.060 in. (1.5 mm) thick). The these g loads, a crushable, aluminum honeycomb block 
igniter charge was 3 gms of UIZ-172 with 12 gms of of 24 psi (1.7 kg per cm2) crush strength(part #38-5052- 

FeSO4 as a neutralizer. The cooling screen was 0.7 in. .0007-1.0) and 45 sq. in. (290 cm2) area was placed under 

(18 ram), 21 strand Gold with a 2-12 mesh and 3-40 mesh the driver and passenger seats for the test. Unfortunately, 
filter screen, due to lack of headroom, it was not possible to place the 

The gas generator is bolted to a gas distribution man-. honeycomb under the seat; space only exists under the 
ifold with two three-quarter inch (19 mm) I.D. exhaust seat leading edge. 
parts which distributes one-half of the total flow to each During sled testing we noticed that the best overall 
of the two airbelt systems as shown in Figure 6. This type trajectory control and underseat honeycomb crush for the 

........ of gas generation distribution system was based upon that occupants was maintained if we allowed certain rivets 
............. used in the Calspan RSV as modified by Fitzpatrick En- that connected the seat body to the floor bracket to shear, 

gineering, thereby allowing the seats to rotate forward and stay with 
the occupants. (Fig. 8.) This rivet shearing concept was 

Airbelt retained for the crash test. 

The airbelt design was based upon a design by Fitzpa- 
Knee Restraint 

............. trick Engineering and Calspan for the Calspan RSV. Cer. 
.............. tain changes to this basic design were necessary prior to Since the airbelt was a two-point design (torso belt only 

using it in the Viking Six. To be consistent with desired as shown in Figure 4), some form of lower body restraint 

anchor point locations in the Viking Six, the inflatable was necessary. Originally, W.W.U. had installed a VW 

portion of the belt was shortened. Also, due to the fact Rabbit knee bolster in the Viking Six; however, it was 

that no force limiting belt webbing was readily available, determined during sled testing that it was simply too 

......... standard nylon webbing was used with the idea that a "hard" for integration into the Viking Six structure; so 

........... mechanical force limiter could be implemented later if it was discarded in favor of a new knee restraint designed 

desired. (Fig. 7.) The retractor used with the airbelt sys- specifically for the Viking Six. (Fig. 10.) 

tern was a VW Rabbit retractor. A Honda pivot loop 
became necessary in the final design iteration. Force Limiter 

Due to the fact that the crash pulse of the Viking Six 
Seats could only be estimated since no crash history for this 

............ Due to the nature of the seat design Which has very vehicle exists, and due to our desire to maximize the stroke 

little padding and the rather high rearward angle in which efficiency of the airbelt system, Fitzpatrick Engineering 

the occupants recline in order for the vehicle to have as designed a mechanical force limiter for use with airbelt 

little air resistance as possible, we became concerned early systems. (Fig. 7.) 

in the program that the occupants might receive excessive For the Viking Six crash test an energy absorber system 

....... g loads up through the spine. In an effort to attenuate composed of a tape width of 0.75 in. (19 ram) a tape 

..... thickness of 0.071 in. (1.8 mm), and a roller diameter of 
0.250 in. (6 ram) was used for both the driver and pas- 
senger systems. The rollers and tapes were lubricated with 

ROLL grease before the test. 

Anchor Point Locations 

With an airbelt design it is very important to locate 
the belt anchors so that the belt passes across the chest 

STEEL STRIP 
355mm LONG 

Figure 7. Force limiter. Figure 8. Seat shearing rivets. 
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in a manner where proper head support will be maintained TEST RESULTS 
as the head rotates forward during the crash. Addition- 
ally, the anchors must be located so the belt force trans- The Viking Six crash test was conducted by Dynamic 

mission angles are as efficient as possible. In order to Science on May 29, 1980. The actual crash velocity was 

accomplish this it was necessary to move the lower anchor 41.2 mph (66 kph) with a rebound velocity estimated at 

3 in. (76 mm) rearward to the bulkhead immediately 3 mph (5 kph). Sensing time for airbelt actuation was 

behind the seats and to move the upper anchor upward selected and verified at 11 ms. 

and inboard a total of 8~ in. (222 ram) on the roll bar As is evident from Table 1, all the measured injury 

from the original W.W.U. positions, parameters are well below the FMVSS 208 injury criteria 
limits. We believe these results are especially pertinent 

Pre-Test Configuration since they show that it is possible to design a very small 

Figures 9 through 12 show the pertinent restraint sys- car and still protect the vehicle occupants within estab- 

tem dimensions in schematic form. In addition, the anchor lished injury guidelines even at velocities greater than 

point locations mentioned above are shown, required by present standards. Admittedly only one im- 

For this test, 50th percentile Part 572 dummies were pact mode was tested here; however, we believe in a 

used in both the driver and passenger positions. Since we program where more development and testing were pos- 

wanted to be sure that the test velocity was at least 40.0 sible, these results could be extended to other accident 

mph (64 kph), we chose a test "window" for velocity of modes as well. 

41 +- 1 mph. Any velocity outside this range would result The seats performed pretty much as expected in that 

in an aborted test. The vehicle front end energy absorber 
selected for this test was 75 psi (34 kg) crush strength 
aluminum honeycomb which was expected to exhibit a 
static crush of approximately 22.5 in. (572 ram). 

Figure 9. Viking Six knee restraints. Figure 11. Viking Six belt set up, side view. 

Figure 10. Viking Six belt set up, front view. Figure 12. Viking Six belt set up 3/4 view. 
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Table 1. Injury measures received for the driver and passenger. 

Driver Passenger "208" Std. 

HIC *552 286 1000 

Pk. Res. Chest 44 51 60 

G’s (-3 ms) 

Pk. Vert. Chest 24 24 NA 

G’s (-3 ms) 

Pk. Femur Loads 
Left 1031 1080 2250 

Right 1130 819 2250 

*Roll bar hit dumm)� on side o,f head controllin~ HIC 

the rivets previously discussed sheared according to plan. Film and data analysis show that peak chest g’s and 

However, not quite as much honeycomb was crushed force limiter stroke were over when the roll bar collapsed. 

under the seat pans as desired. The reason for this is that The dummy and vehicle had both stopped moving for- 

some other rivets holding the plate to which the under ward when this event happened. Here again, one might 

seat honeycomb had been bonded, sheared allowing the wonder why the roll bar collapsed when the belts which 

honeycomb to slide partially out from under the seat pans. were loading the roll bar had reached their peak loads 

Perhaps if this had not happened, the chest vertical g sometime before and were now much lower as evidenced 

component would have been a little less than the 24 g’s by the drop off in chest g’s. The answer, we feel, lies in 

actually measured, two related facts. First, the rivet failure at the roll bar 
There was very little knee restraint crush for either the base that led to its collapse, probably started earlier in 

driver or the passenger (0-~ in., 13 ram) as the upward the impact event without any apparent movement of the 

tilt to the seat pan effectively prevented the lower body roll bar. However, as the rivets continued to tear out of 

from translating very far and absorbed, through bending the sheet aluminum, a point was reached--rather late in 

and crushing the honeycomb, most of the lower body the event where the roll bar strength was now less than 

energy. Sled test #2 on the driver side was the sled test the force applied even though the force was now much 

in which the seat and the knee restraint were configured reduced. (Fig. 14.) Secondly, there may have been another 

most nearly like this test and exhibited nearly identical contributing factor to roll bar collapse. The buckling of 

results in that, here too, the knee penetration was only the structure immediately aft of the roll bar may have 

about ~ in. (13 mm). dumped its load into the roll bar base structure. If so, 

Perhaps if the vehicle was designed to have slightly this would also tend to explain the late failure of the roll 

more headroom, the occupants could be seated more bar, significantly after the peak belt loads were experi- 

nearly erect and absorb more of the lower body energy enced. 

through the knee restraint rather than the seat pan. This The driver side force limiter stroked approximately 3 

should help lower the chest vertical g’s which are a little in. (76 mm), 2 in. (51 mm) normal stroke plus 1 in. (25 

higher than we think is necessary, mm) weld tearing at the point where the force limiter 

The crash pulse g’s were fairly high in the beginning tape attached to the retractor. The passenger side force 

of the crash. However in spite of the fact that these g’s limiter stroked 6 in. (152 mm) in normal fashion. 

peaked at approximately 56 g’s and were quite high for 
a relatively long time resulting in a very short crash pulse 
duration of only 72 ms, the force limiter operation effec- ~       ~ 

tively limited body g’s to rather low values. .4 ~ 
One might wonder, given the severe roll bar bending -~ ~ o c 

that occurred, whether the roll bar may have added to 
~ ~ 
o \     ~oli ~ar        ~ 

the force limiting thereby resulting in chest g levels that ~ , 
~~ 

~ ~ 

were artificially low. We wondered about this, too, but 
.~ ~, 

~ ___/" 

<! 
~ 

~ ~ 

~ ~ 
close inspection of the films and data show that roll bar 

~ 
~ 

,-4 bending did not begin until approximately 85 ms and was 
~ ,~ 

over at 90 ms, very late in the event and much later than ° 

°/ peak chest g’s were experienced. This is corroborated by ~ 
o 

the g "spike" on the dummy’s head at 90 ms when con- ~ . 

tacted by the roll bar at maximum roll bar rotation and ~" ~ me ~Z q-~0 ~,.~ 

by the sudden drop off in chest longitudinal g’s for both 
the driver and passenger at approximately 85 ms. Figure 13. Roll bar deformation. 
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"Fne reason for the difference in total stroke for the two made stiff enough to force the striking car to provide 

systems is not entirely clear; however, it may be that the nearly all of the fide down distance through crush in its 

honeycomb on the passenger side being a little less se- nose. 

cutely fastened (due to riveting space restrictions) due to The Viking Six used side boxes 6 in. (152 mm) by 13 

fewer rivets, allowed the honeycomb to slip out from in. (330 mm) in cross section made from 7075 T-6 alu- 

under the seat earlier in the crash event. If so, this would minum sheet 115 mm thick reinforced at critical points 

mean that less energy would be absorbed necessitating with 2 mm thick 7075 T-6 hat section. A transverse panel 

more stroke by the upper torso force limiter, of 7075 T-6 1.5 mm thick behind the seats anchors the 
The crush of the vehicle front end was qualitatively rear end of the box while the upper dash panel structure 

much different than anticipated; although quantitatively provides a front transverse stiffener as well as providing 

the crash pulse g levels were not a great deal different a reaction point for the knee bar. A tranverse member 

than expected with the exception that the peak levels were under the front edge of the seats further stiffens the middle 

somewhat higher. The reason we say the crush was dif- of the structure. Additional stiffening is provided by alu- 

ferent than anticipated is that rather than crushing ac- minum honeycomb bonded to the face skins with expoxy 

cordian fashion the remaining half over-rode the correctly adhesive. The inner surface of the side tanks had a 500 

crushed section and was incompletely crushed. As it mm thick layer of rigid polyurethane foam covered with 

turned out however, the rest of the vehicle structure ab- 13 mm of ensolite foam. The entire cab is skinned with 

sorbed more energy than anticipated, which apparently dark brown vinyl upholstery material. 

helped offset the odd crash behavior of the aluminum The windshield is mounted well forward of the driver 
honeycomb itself, to give maximum ride down space for the occupants’ 

There was significant pitching of the vehicle late in the heads during a crash when they are riding forward in 

crash event; however, we believe the center-of-gravity of their belts, which are stroking the force limiters previously 

the vehicle was artificially high due to instrumentation described. Other benefits of the forward mounted wind- 
mounting locations being generally much higher than shield are that the angle of vision subtended by the A 

normal vehicle C.G. In addition, we do not believe that pillars is very small and the degree of sunshielding makes 

pitching is necessarily detrimental to the occupants as it separate sun visors unnecessary. 

adds more overground stroke in which to bring the oc, 

cupants to rest and does not appreciably affect vertical WEIGHT SAVING 
g-levels "seen" by the occupants as it occurs over a rel- 

atively long time period late in the impact event. Extensive use of aluminum played an important part 
Static crush of the vehicle was estimated at 18-19 in. in weight reduction. Not only were all major castings for 

(46C~-480 ram) while dynamic crush measured from the engine, transmission, steering, suspension, and brakes 
films was approximately 25-26 in. (650 mm). This is quite made from aluminum alloy, but also the chassis lower 
a difference indicating that the vehicle may have had a body monocoque tubs were made from aluminum sheet. 
fairly high rebound velocity. The actual rebound velocity All of the parts cast in the Vehicle Research Institute 
is a little difficult to establish however. This is because (VRI) were cast from 356A-T6 alloy with strontium mod, 
the vehicle accelerometers underwent such gross move, ification to improve grain structure. The parts were heat 
ments and rotations due to severe buckling in areas where treated to T-6 or T-61 to improve strength and machin, 
the accelerometers were mounted. For example, of the ability. (Fig. 14.) 
three compartment-mounted accelerometer traces only The center monocoque was made from 7075 T-6 alloy 
one showed a return to zero in vehicle velocity when 0.080 in. (2 mm) for the critical toeboard which serves 
integrated. The other two showed a residual vehicle ve- 

locity of 6-8 mph (10-13 kpm) in the original direction 

of travel which is clearly impossible. Film analysis shows 

the vehicle rebound velocity to be approximately 3 mph 

(5 kph) for a total vehicle "delta V" of 44 mph (70 kph). 

SIDE IMPACT 

Analysis of force and acceleration suffered by the im- 

pacted car during a side crash make it apparent that it 

is not feasible to provide a side crush zone wide enough ..... 

to absorb the energy released when the striking vehicle 

impacts at 40 mph (60 kph) (30 inches (76 mm) would 

be required on each side of the car). If a measure of safety 

is to be provided then the side of the vehicle must be Figure 14. Viking Six chassis. 
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as the reaction member for the aluminum honeycomb The wishbones for the unequal length nonparallel system 
deformable section in the nose of the car. Localized 1on- were made from 0.040 in, (1 mm) thick 4130 chrome- 
gitudinal and transverse stiffening was provided by comer moly steel tubing 0.750 in, (19 ram) in diameter. T’ne 
reinforcement angle sections and 0.060 in. (1.5 mm) 7075 suspension system makes use of coil springs wrapped 
T-6 alloy hat sections. The forward and rear bays were around the shock absorbers, forged steel spindles and 

made from 0.050 in. (!.2 mm) 6061 T-4 sheet to form a uprights at the front, mount forged aluminum 6061 T-6 
structure strong enough and stiff enough to carry normal steering arms. (Figs, 15 and 16.) Aluminum discs with 

usage loads but able to deform at a survivable rate during copper-iron metal spray surfaces were cast and machined 

a crash. The overall weight of the hull was kept to 225 for front and rear. The front units have given no trouble, 
............. lb (102 kg). Previous experience with Viking Four alu- but the more heavily loaded rear units have actually 

minum aerodynamic skin and Viking Five’s glass rein- melted the aluminum from the middle of the iron-alu- 

forced polyester matrix body led us to believe that there minum-iron sandwich. As a consequence the experimental 

is not a lot to choose between the two materials for one discs have been replaced with cast iron units. The front 

off prototypes in terms of weight, and the glass reinforced wheel diameter was kept as small as possible for several 

polyester skin is far easier to build. As a matter of record reasons. The elimination of bumps in the upper body to 
.... it does seem that bringing a body up to show quality with allow for the wheel travel of larger wheels improves aero- 

liberal quantities of filler material has more effect on body dynamics. Smaller intrustion into the car center at full 

skin weight than the initial material chosen. As a con- lock make it possible to fit a good aluminum deformable 

sequence we attempted to make aircraft quality body skins structure. Smaller skirts could be put over the front wheels 

from fiberglass. The body skins for both cars were initially at full lock which saves frontal area. 

very light (220 lb, 90.7 kg) and the panels used on the 
.......... crash test car had very little filler. The second fuel econ- BODY DESIGN 

omy, emission, and performance car suffered from a mis- 
understanding with the campus janitor service. They took Styling 
it upon themselves to destroy some of the body plugs and 

The styling of Viking Six was based on the premise 
mold before the final body parts were fabricated. As a 
consequence the show car on display in Japan weighs that a smooth aerodynamic form could provide an at- 

............... about 50 lb (22.6 kg) more than planned, tractive appearance. The rounded elastomeric urethane 
............ five mph bumper provides a curved surface unlikely to 

injure a pedestrian struck in a low speed impact. (Fig. 
SUSPENSION AND BRAKE MATERIALS 17.) In fact the 40 degree sloping windshield would be 

Suspension components were specially fabricated to likely to deflect a person clear over the vehicle with a 

save unsprung mass for improved ride and roadholding, minimum second impact injury. The headlights were set 

Figure 15. Front suspension. Figure 16. Rear suspension. 
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and bottom continues into the compound curved side 
windows. The windscreen is made from safety plate so 
that a windshield wiper will not scratch it, but all other 
windows were made from scratch resistant hard surfaced 
polycarbonate to save weight. The hatch for occupant 
access hinges at the forward edge and is counterbalanced 
with gas struts to make it virtually effortless to lift. The 
flush fitting exterior door handles are pressed at the upper 
edge to make the lower surface pop out for easy lifting 
of the hatch. 

Inflatable air belts are attached to the top of the B 
pillar on the hatch edge so that the engagement pin re- 
leases when the hatch is unlatched and the belts rise out 

Figure 17. Viking Six MK I. of the way when the hatch rises to allow entry or exit. 

The steering column tilts upward to provide easy access 

well back from the front so that they will be out of the for the driver who must step over a relatively high sill. 

5 mph bumper strike zone and because the front of the (Fig. 18.) 

car is low enough that the most forward part of the body 
high enough to rneet the Federal headlight height regu- Aerodynamics 

tations is almost at the leading edge of the windshield. The rear view mirror sits on a long airfoil-shaped strut 
to minimize aerodynamic interference drag. The mirror 

Headlight Cover itself is enclosed in a streamlined pod and is adjustable 

Early in the design program it was decided that good from inside the car. 

aerodynamic form would be required to give the expected An unusual feature of the car is that all four wheels 

fuel economy. Initial wind tunnel tests on one-eighth scale are enclosed to reduce aerodynamic drag. Although one 

model indicated that a drag coefficient (Cd) of .26 would might suppose that the enclosed front wheels would re- 

be possible on the already low frontal area of 15.1 sq. quire either a narrow front track or an increased turning 

(1.4 sq. meter). Subsequent coast down tests and rolling circle such is not the case. The car has a 30-ft (9 m) 

drag measurements done at the California Subaru Engi- turning circle. The underbody is sloped upwards towards 

neering Center indicate that the actual Cd is closer to the rear to reduce aerodynamic lift and the windshield is 

.21. Removal of the headlight cover panel increases the given pronounced curvature in plan form to direct air to 

Cd to .25 and increases wind noise from a very low level the sides of the vehicle, not over its roof where it would 

to more normal levels. Fuel economy could be expected contribute to a high velocity low pressure area on the top 

to be noticeably poorer on a highway driving cycle. The surface of the vehicle. Cooling air is taken in through a 

panel used is a flat wrap panel of hard abrasive-resistant NACA Duct in the center of the underpan where it is 

polycarbonate. During the first year of use the panel has ducted through the radiator and into the engine corn- 

"been remarkably free from scratches, but a demister-de- partment. The exit duct for engine compartment air is 

froster system will be necessary for some conditions. Dur- through a clear polycarbonate duct behind the drivers 

ing a snowstorm in the mountain passes of Oregon the head (the one place the driver cannot see anyway) and 

headlight range was seriously compromised by snow out through an aircraft style exit vent in the roof in a 

build-up. The flexible tight cover does provide an excellent 
cushion for a struck pedestrian, however. 

Ventilation 
A NACA Duct in the center of the hood feeds a duct 

which contains the heater-defroster core and axial flow 
fan. Although the need for such a duct inlet shape is not 
really necessary on such a low speed vehicle it does add 
an aerodynamic styling appeal. 

Other Design Features 
A single wiper centrally mounted wiped sufficient area 

to give good forward vision. It parks in the center of the 
screen in a manner that minimizes aerodynamic drag. 
The A pillars are extremely thin (1~ inches, 38 mm) to 
maximize for-ward vision. The line of the windscreen top Figure 18, Tilt Steering Wheel. 
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natural low pressure zone, (Fig. 19,)When the car is tion, the three clutch and brake master cylinders are 

operating at normal speeds natural air flow is sufficient exposed. When the cover to the tunnel between the seats 

to cool the engine. At idle, convection currents cool the is uncovered the switches and attendant wiring are ex- 
...... engine. There are some conditions when the thermostat posed. The seat belt retractors and shift linkage also lurk 

controlled electric fan is required however. When crawl- in this tunnel. Removal of the front wheels does present 

ing up a steep grade in heavy traffic, the fan comes on a problem however. The car must be jacked up so the 

to cool the engine, wheel nuts are exposed and the wheel will only come out 

Aerodynamic stability was a matter of some concern of its well when pointed straight ahead. 

as the center of gravity of the vehicle is well to the back 
and the lateral center of pressure of well streamlined    Seats 
vehicles tends to be well for-ward. As a result the nose Finding seats that will fit into this low built car that 
section of the car is quite tow and has well-rounded con- can be adjusted to fit a 95th percentile male and a 5th 
tours. The rear sections are quite slab sided and the rear percentile female without incurring a weight penalty 
wheel skirts drop to within several inches of the ground, proved to be a problem. Finally it became necessary to 
The net result of moving the center of lateral effort aft design and construct special seats. The seat chassis was 
and fitting the rear end with tires of much larger footprint made from 2024 T-6 aluminum skinned balsa core ma- 
than those of the front gives very satisfactory crosswind terial riveted together with doublers at high stress areas. 
performance. All turn signals and repeater lamps are fit- The seats were then upholstered in conventional mate- 
ted flush with the body to further reduce aerodynamic rials. The adjustment mechanism is unique. It was de- 
drag. The rear lamps are mounted just ahead of the rear termined that the best driving position for a tal! person 
clear polycarbonate cover to maximize rearward vision was a steep reclining position, while best vision and corn- 
in parking maneuvers. In fact the driver can actually see fort for a short driver was achieved by providing a more 
the rear bumper when backing up. upright driving position with the seat closer to the dash- 

board. The 105 degree angle between the seat back and 

C OM P ON E NT ACCESSIBILITY seat bottom is maintained at all times. Standard seat rails 
1 were mounted outboard of the seats to give the lowest 

It was considered desirable to provide easy access to possible seating position, while the seat angle adjustment 

all mechanical, electrical, and plumbing components of was provided by means of an adjustable aluminum wedge 

the vehicle. The rear body panel tilts back on hinges at controlled by a simple knob on the floor. 

the extreme rear of the body providing good access to 
the engine. By simply removing the easily accessible hinge Luggage Space 

pins the entire rear aerodynamic skin comes off the car. Although Viking Six does not have a great deal of~’ 
As there are no electrical connections to this panel, re- luggage space it was sufficient to carry luggage for two 
moval is very easy. A number of easily accessible cap weeks for two people to California and back from the 
screws that hold down the transaxle cover can be removed VRI Research Laboratory in Washington State. The rear 
and the entire powertrain is exposed and can be worked hatch pivots around its rear attachment hinges to provide 
on from above rather than below. The battery is easily access to the luggage space. The insulation fitted around 
accessible in the extreme right rear section of the chassis, the exhaust system to provide early catalyst light off serves 

When the hatch is lifted and the instrument backing to keep the luggage compartment at the satisfactory tern- 
panel lifted off (no fasteners), all of the instruments and perature in 25 degrees Celsius. 
associated wiring is exposed for easy servicing, In addi- 

ENGINE EFFICIENCY IMPROVEMENT 

At the beginning of the research project a search was 
made for a lightweight engine of good efficiency and 
smoothness able to meet exhaust emission standards. En- 
gines of less than four cylinders were rejected because it 
was not thought that adequate smoothness and refinement 
would be available from such powerplants. The Subaru 
1600 cc aluminum engine was chosen because of its light 
weight (185 lb, 84 kg), boxer layout, and its proven ability 
to meet exhaust emission standards. Unfortunately the 
engine has somewhat too much displacement for best fuel 
economy. It was decided to use Eaton valve disablers on 

Figure 19. Viking Six MK II. the intake and exhaust valves on the front cylinders of 
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each bank so that the driver can switch off two cylinders 
in situations not needing high power output. Although 
the front two cylinders are motoring there is very little 
power loss because pumping losses are almost eliminated 
as the valves are closed. The energy required to compress 
the air in the cylinder is almost entirely recovered on the 
expansion stroke. The remaining two cylinders are able 
to function at much higher Brake Mean Effective Pressure 
(BMEP) which provided improved thermal efficiency. 
(Fig. 20.) 

Because of low vehicle drag a low numerical final drive 
ratio can -be used with large diameter wheels and tires. 
At a given vehicle speed in top gear the engine will operate 
at reduced rpm and increased throttle opening which 
reduces pumping losses. Figure 20, Valve disablers. 

FUEL ECONOMY The roll center at the front is 50 mm above ground level, 

One of the prime objectives of this integrated research while the rear roll center is 100 mm above ground level. 

safety vehicle was to improve vehicle fuel efficiency with- The virtual swing arm length both front and rear is 190 

out compromising safety goals. Improvements in engine mm. Camber gain at 3 degree roll maintains the outer 

efficiency, aerodynamic drag, and weight reduction all wheel perpendicular to the road surface. The tire footprint 

played a part in the demonstrated high mileage of the at each end of the vehicle is high for the load carried and 

vehicle. On an EPA city test 40.4 mpg (5.84 liter per 100 in direct proportion to it. 

km) was achieved and a highway figure of 66.6 mpg (3.55 Nine-inch disc brakes are used at each wheel with 

liters per 100 km) was achieved. Gravimetric data showed aluminum brake calipers. Two master cylinders are used 

that even better results could be obtained with further with a balance beam mounted integral with the pedal so 

engine optimization, that a simple screw adjustment can adjust the percentage 
braking each end of the vehicle receives. At this writing 

PERFORMANCE AND HANDLING the unit is not servo controlled by weight in the trunk. 
At this time only acceleration and coast down tests 

Atthough acceleration, braking, and handling were not have been run on the car. It has achieved a 8.95 s time 
the highest priorities for the Viking Six program, VRI from 0-60 mph (0-96 kph) and a time of 16.8 s for the 
personnel have a long standing personal interest in these standing start quarter mile. This writer has driven the 
aspects of vehicle design. The basic suspension system car down the freeways from Bellingham, Washington to 
utilizes coil-over shock absorber units located by a long Santa Ana, California and back up the coast of California, 
and short arm nonparallel wishbone system at each end. Oregon, and Washington and can report that the car is 

Table 2. Steady state fuel economy 1,625 pound inertia--3.2 hp. 

Speed Gear Time Fuel Used Liters 
(MPH) Used Min: Sec 7 (gms) MPG 100 Km 
50 5th 2:56.98 100 gms 68.4 3.45 
(4 Cyl) 

50 5th 3:39.76 100 gms 84.9 2,78 
(2 C-~l) 
55 5th 2:46.09 100 gins 70.6 3.35 
(4 Cyl) 

55 5th 2:45.91 100 gms 70.6 3.35 
(2 C~t) 
45 5th 3:07.43 100 gms 65.1 3.63 
(4 Cyl) 

45 5th 3:45.39 100 gms 78.7 l 3,07 
(2 Cyl) I 

Spaed (MPH) × Time (Min) x 46.37 
Fuel Consumption (MPG) = 

Fuel Used (gms) 
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Table 3. Exhaust emission data. 

Emission Data Fuel Economy 

Test Date Test Type HC CO NOx CO2 CB 

3 25 82 CVS -- H .09 .89 .86 202.4 43.4 

3 27 82 CVS- CH .25 1.13 .89 237.5 36.9 

3 29 82 CVS -- CH .25 6.62 1.23 208.2 40.4 

3 29 82 HFET .05 2.51 1.42 129.0 66.6 

......... comfortable and surefooted on all types of roads. In fact occupants in a very small lightweight vehicle in a crash 

the car compares favorably in roadworthiness to a Chev- situation. The work done with in belt inflator shows that 

rolet Corvette and Lotus Europa. effective passive restraint air belt systems are viable and 
show promise of combining the best features of air bags 

EXHAUST EMISSIONS and belts albeit at a high cost. Further work with the 

front crush zone suggests that with suitable redesign the 
Viking Six was tested for exhaust emissions at the Su- aluminum honeycomb may not be necessary. (Fig. 21.) 

.... baru Technical Center in Santa Ana. After some prelim- 

inary work to dial in the best compromise for fuel 

economy and exhaust emissions the following results were 

posted. 

SUMMARY 

Viking Six met the 1982 exhaust emission requirements 

without a feedback loop carburetor or fuel injection. This 

is a graphic example of what a reduction in weight and 

aerodynamic drag can do to reduce emissions and improve 

fuel economy while limiting hardware costs. 

Fuel economy could be improved still further by using 

a smaller displacement engine optimized for a car of this 

weight. We plan to try a 1300 cc engine of the same type 

in the near future. 

A very significant conclusion based on the results of 

this program indicates that it is indeed possible to protect Figure 21. Dynamic science crash test. 
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Panel Discussion on 
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Mr. John Furness, Chairman, United Kingdom 

Panel Member Statements 

M ICHAE L M. FI N KE LSTE I N use of computer simulations of advanced design concepts, 

United States the construction of advanced safety testing facilities, and 
finally the creation of a new awareness of safety perfon~- 
ance as a design requirement. 

How many of these advances were the product of the 

The purpose of the initial experimental safety vehicle ESV/RSV or how much was proved by this project is 

program was to test, on an experimental basis, new ideas interesting to consider since we are not able to fully de- 

of automotive safety incorporated in a vehicle which has termine sources of technology changes. 

been designed, fabricated, and tested as a total system. Over the years, we have come to know each other better 

......... The basic objectives of the program were to determine and now work together in cooperative research efforts. 
i 

the technical feasibility of making significant safety per- We share technical progress through personal contacts 
formance improvements in motor vehicles, to stimulate and through international forums such as this Conference 

public awareness of the long-term social and economic where we gather to exchange research results and discuss 
advantages to be gained from the savings of lives and mutual safety problems. Our research and knowledge in 
injuries resulting from advanced auto safety design, to automotive safety, like our ESV/RSV performance spec- 

encourage the industry to increase their efforts in auto ifications, have matured and grown. I believe our progress 

safety design, and finally, to establish the technical base has exceeded our most optimistic expectations of 12 years 

for the development of improved motor vehicle safety ago. Indeed, as one participant once stated, "The real 

standards. How well have we, this confederation of con- result of the ESV program may well be not the questions 

cerned nations, done in the past 12 years? Have we ac- answered, but the questions asked but yet unanswered." 

complished our initial objectives, or is there work yet to To try to find answers to the questions yet unanswered 

be done? we in the United States are in the process of analyzing 

I believe this international cooperative program has all available accident data to determine the principal 
been perhaps not in the way originally envisioned sue- causes of death and injuries in traffic accidents. The re- 
cessful. Automobiles produced today are safer, more fuel suits of this analysis in the crashworthiness area have 
efficient, less polluting, and more economical to maintain already been presented during the SAE Conference of last 
than those manufactured only a few years ago. Auto- February. The same detailed analysis is now in progress 
motive technology has made impressive advances. Ques- for the accident avoidance area, and the results of this 
tions of how much of this was related to ESV/RSV is a work will be presented at the SAE Conference in Feb- 
subject that no two individuals would agree on. ruary/March 1983. The "easy" solutions to improved 

The technology of the ESV/RSV includes among other safety performance are already known and have been or 
items the relocation of fuel tanks over the rear axle, the are being implemented. Future improvement will require 
integration of restraint systems with structure crash per- hard cost/benefit analysis, detailed economic impact anal, 
formance, the application of advanced electronics in- ysis, and conclusive research results. 
eluding the miniprocessor, diagnostic displays and The United States has no near-term plans for the con- 
information displays, application of lightweight material struction of additional complete experimental vehicle sys- 
in improved structures, improved restraint systems, the tems. Our plans now are, based on the analysis mentioned 
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above, to turn our attention to the subsystems which our tion in deaths and injuries. I personally believe that our 
analysis has indicated are a major contributor to death knowledge and engineering expertise have advanced to 

and injury. In parallel with this subsystem research we the point where we can accomplish these improvements 
will continue our supporting research in accident data without weight or fuel economy penalties. Our engineers 
analysis, biomechanics, and human factors. The possi- must be allowed to practice their trade and apply their 

bilities for an immediate and dramatic reduction in traffic knowledge. 
fatalities do not exist in the vehicle safety design area but For the automotive engineer to introduce this new 

in a change in social behavior patterns such as increased available technology requires serious management sup- 

belt usage and a reduction in the number of drunk drivers, port. As new designs are developed in response to con- 
These areas are receiving m~jor attention as our highest sumer demands, many tradeoffs are required. The impact 
priority programs, of the introduction of advanced automotive technology 

However, we know that improvements in the safety is considerable. The manufacturing process must change, 
design of vehicles still require our serious attention: im- new suppliers are required, new test and reliability pro- 
provements in the front and side structure; improvements cedures must be developed to mention only a few; how- 
in braking and handling, lighting and visibility; improve- ever, in this the space age and in this the safety, 

ments in the interior compartment, steering column, and environment, and fuel economy age we must accept the 

glazing; improvements in restraint systems; further ad- challenge. The technology is available; our task is to trans- 
vances in material substitution to reduce weight and im- fer this technology into production cars. 
prove safety and fuel economy; more incorporation of As we enter this age of the world car, as we fine tune 
advanced electronics for improved driver displays, warn- our research programs, and as we work together in this 
ings, and improved engine/transmission performance, common effort, I believe that the international ESV pro- 
Improved safety designs in all of these areas and many gram was the initiative from which we started and the 
others can result in a significant contribution to a reduc- base from which we can now advance. 

Panel Discussion on ESV/RSV Development: Panel member statement 
for EEVC 

PROF. DR. BERTIL ALDMAN desired level of safety for the occupants had been 

Sweden achieved. The approval would be based upon a set of 

requirements related to human tolerance levels and the 

kinematic response of appropriate anthropomorphic test 

dummies. 

The European Experimental Vehicles Committee has However, a working group, set up by EEVC, presented 

followed closely and with great interest the ESV/RSV a report at the sixth ESV Conference which revealed gaps 

programme in all its phases of development. Over the in the knowledge of biomechanics and lack of biofidelity 

years it has been possible to note how the basic philosophy in current test dummies. EEVC then aided the Commis- 

behind this programme has gradually penetrated into the sion of the European Economic Community in setting up 

general discussions among legislators, car manufacturers, a coherent Biomechanics Programme to tackle these prob- 

and researchers in Europe. Of particular interest in this lems. It has monitored very closely the realization of this 

context is of course the principle that safety should be programme and in particular that part of it which has 

built into cars from the beginning and not added after- dealt with the closing of the gaps in our knowledge about 

wards, human tolerance levels. 

Traditionally in Europe a number of regulations and For the development of a suitable side impact dummy 

directives have been applied, which have mainly been intended for legislative testing and for research puproses 

design or construction standards often related to com- EEVC formed an ad hoc group with the responsibility to 

ponent testing. During the last decade, however, attempts draft desirable requirements and lay down provisional 

have been made to arrive at performance standards with performance specifications for such a dummy. Liaison 

a more global concept of the vehicle, its occupants, and was established with NHTSA and the group monitored 

other road users, the development work carried out within the framework 

When EEVC in 1974 presented its report "The Future of the EEC Biomechanics Programme. The work resulted 

for Car Safety in Europe" at the fifth ESV Conference in a number of new dummies whose components interface 

in London the basic approach was that eventually a few with contiguous parts of the Hybrid II dummy. This 

full scale car tests should be used to demonstrate that a enabled comparative testing of one American and three 
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European complete side impact dummies to be carried coming more popular to adults than they used to be. The 

out. It is expected that this ongoing project will eventually group shall make recommendations including priorities 

lead to the formulation of an acceptable performance for action for bicycles and the vehicles striking them in 

specification for a side impact dummy to be used for order to reduce the severity of such accidents and injuries. 

.......... legislative purposes. The group itself will give priority to the possible influence 

Two other EEVC working groups, reporting at this on the safety of bicyclists from certain already proposed 

conference, have addressed the problem of testing to check measures, so that changes to the car can be considered 

occupant protection in side impacts and the protection with respect to the benefit of all non-occupant road users 

of pedestrians when impacted by the front structures of as well as to the occupants of the vehicle. It is expected 

cars. These problems will continue to be monitored by that the results from these studies will be available in 

the committee through its working groups. It is hoped 1984. 

that more light will be shed on the problem of optimizing During the period of time over which the ESV~SV 

the frontal car structures to reduce their aggressivity in programme has developed into its present state, it has 

pedestrian collisions and to increase their compatibility been of great interest to watch how the concern of re- 

with other cars in side impacts. The results are not ex- searchers, car manufacturers, and legislators in Europe 

pected to be available until late 1983 and late 1984 re- gradually has changed. It has turned from components 

............. spectively, for safety, such as the safety belt or the air bag, to larger 

Over the last few years many countries in Europe have systems including seats and other structures in the car. 
seen a considerable increase in the number and usage of In this context also luggage and fellow occupants are of 

bicycles. Many of these are lighter and capable of higher interest as interaction may occur in some types of acci- 

speeds than earlier models were. This creates more con- dents. Finally the entire vehicle has been taken into con- 

flicts with other road user categories. The most frequent sideration not only in a few specified situations but in all 

serious accidents for two-wheelers being those where an its aspects of safety in a variety of accident situations for 

impact with a car takes place. At the initiative of The both occupants and other road users. The interest also 

Netherlands the EEVC main committee recently decided embraces the normal driving conditions where problems 
to set up a new working group to tackle the safety of related to fuel conservation and reduction of noise and 

bicycles and in particular this problem. The group will pollution are being discussed, 

mainly be concerned with bicycles and the light type of The EEVC sees this as a logical line of development 

mopeds which resemble bicycles in their main construc- for Europe and the lead times necessary for the car man- 

tion. Heavier mopeds and motorcycles will not be studied ufacturers to make their products conform with the new 

by this group, ideas have to be added to those needed for the researchers 

The task of the group will be to study available data and the testing institutes who have to learn to handle the 

on accidents and injuries to riders of light two-wheelers more complex test situations. In this latter context the 

in Europe. Particular interest should be given to the sex ESV/RSV programme has been beneficial to all con- 

...... and age distribution of the victims since bicycles are be- cerned in this field. 

Panel Statement ESV/RSV Development 

P. VON MANTEUFFEL Besides the work to enhance safety within the individ- 

Federal Republic of Germany ual companies themselves German car manufacturers and 

some vendors have combined their research efforts and-- 

some ten years ago---formed the "Research Association 

on Automobile Technology (FAT)." 

Of the 24 reports on research projects hitherto pub, 

lished, 11 deal with various aspects of automotive and 
This morning members of the German delegation re- traffic safety. One of our speakers here in Kyoto will 

ported on our recent research car project. Other reports 

by our delegation will cover work in the areas of side 
report on the status of a particular project dealing with 

collisions, field performance of an automatic restraint 
dummy/cadaver comparison in head-on collisions. 

system, modifications of an integrated research vehicle 
For our following panel discussion I would like to raise 

for improved crashworthiness, a statistical analysis of the 
a few topics of general interest, and ~[ shall put them forth 

influence of vehicle size on safety, injury risks at higher 
partly in the form of a hypothesis. 

test speeds as well as questions of terminology and def- 1. Hypothesis No. 1 is the following: The decade of spec- 

initions of passive safety and compatibility, tacular presentations of complete ESVs/RSVs is over. 
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Insight into the technological means to improve par- imum standard is simply an upper limit. Engineers 

ticularly passive safety has been tremendous. In this create different technical solutions which give certain 

respect I agree completely with Mike Finkelstein. Ac- performance readings below the limit value thus in- 

tual safety progress on production cars, however-- troducing the element of competition. From there on 

working under the constraint of cost/benefit aspects-- market forces should take over. I frankly believe that 

is harder to achieve. Is this so? unless this is recognized, the maximum/minimum phi- 

2. My second hypothesis offered for discussion is as fop losophy of setting standards is endangered. 

lows: The days of safety devices with high benefit/cost 5. Fifth, I should like to touch upon the question of how 
ratios on production cars (such as the safety belt) are to continue these ESV conferences. 
over. Air bags and antilock brake systems are rnuch As much as we see these conferences as a forum to 
more expensive and statistically less effective. Would exchange views between government and industry of 

you agree, then, that safety progress on production various nations, and because our delegation has always 

cars can be expected to gently level off, that technical contributed very actively to this exchange, we dare to 

improvements will, in future, rather have to rely on appeal to this assembly to discuss its own future plans. 

the effects of many detail advancements? If it is true that the years of design of complete ESVs 

3~ Harmonization/Trade Barriers: are over, and this was my first hypothesis, should we 
One of the most important aspects in international not contemplate to reorganize this exchange of views 
automobile design, manufacture, and trade is the har- by embedding the reports on safety work into other 
monization of regulations. We welcome particularly existing regular conferences (such as, for example, next 

the positive attitude which NHTSA is taking toward week’s FISITA) where safety is regularly on the 

this common goal. At the same time industry cannot agenda? 

be content with the actual progress achieved in this Again I say this not without bowing before DOT/ 
field as of today. NHTSA and our Japanese hosts for staging this and 

In spite of these efforts, the tendency to invent new the preceding conferences. 
automobile regulations and approval methods thus ob- Our efforts for safer road vehicles must not be regarded 
structing trade is, in many countries, increasing. How as the one and only means to improve road safety. Driver 
can we create a forurn for a broad harmonization pro, behavior, improved roads, and organization of traffic are 
gram? other important factors. A concerted safety effort requires 

4. Another subject I would like to offer for discussion is careful assessment of all factors, including the driver, in 

the minimum/maximum philosophy of standards a totalistic approach. 

which to me seems endangered. Generally, in a given Most important of all we must increase the general 

testing discipline, either a certain minimurn value must public awareness of road safety aspects. In Germany, 

be reached or exceeded, or a certain maxSmum value unfortunately, some people presently seem to be more 

may not be exceeded, concerned about 11,000 trees when an airport runway or 

A heavy strike against the basics of this philosophy a road is to be built than about 11,000 road fatalities. 
was, in my opinion, the 35 mph crash test program Finally, let me close with a request to our Japanese 

in the U.S. Similar elements of violation of the mini- panel member, Goto-san, to please, if appropriate, de- 

mum/maximum philosophy can today be found else- scribe the key elements of the highly successful Japanese 

where, also in Germany. road safety program. 
I believe it is important to accept the fact that a max- Thank you for your patience. 

Panel Statement on ESV/RSV Development 

I. D. NEILSON Goods Vehicle. The relatively high numbers of motor- 

United Kingdom cyclist casualties and of accidents involving Heavy Goods 
Vehicles are the reasons why safety developments for 
these vehicles have been studied for some years. There 
have been both a UK demonstration safety motorcycle 

In the United Kingdom the distribution of fatalities in and an articulated vehicle. It is good to be able to report 

road accidents is different from that for many other coun- that there have been many positive results from these 

tries. Under 4,0% are killed in cars, whilst pedestrians developments. Sintered pads for disc brakes for motor- 

account for 33%, and pedal and motor cyclists 25%, cycles are now in large scale production. Antilock brakes 

Alz<)ut 14% of fatalities are in accidents involving a Heavy are almost developed for motorcycles and are being in- 
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creasingly adopted for both the semi-trailers and the trac- seats and related items has been recognized by one of the 

tor units of articulated vehicles. Two-wheeler riders are NHTSA Awards at this Conference. 

becoming increasingly conscious of the need to use lights Looking to the future, one outcome of all the work on 

or wear conspicuous garments. Heavy Goods Vehicles vehicle safety Research and Development seems likely to 

will be required to have sideguards and underrun pro- be the adoption of antilock braking for motorcycles as 

tection at the rear, and a standard for spray suppression well as for articulated vehicles. Car design will incorporate 

is being discussed urgently in the British Standards In- protection for pedestrians as well as for occupants in side 

stitution which it is intended will become mandatory if impacts. Protection of the occupants of small cars in 

a satisfactory conclusion is reached, frontal impacts can be improved but the will to do so is 

There has been little obvious progress towards im- required. The present question for vehicle safety legisla- 

proving the safety of cars but research and development tion is whether progress can be made by updating current 

for cars as well as for other vehicles is continuing in the minimum standards or whether Crashworthiness Ratings 

United Kingdom. An impetus is being given by the belated of cars can be introduced to the extent that car purchasers 

introduction of the compulsory wearing of seat belts and consider the quality of the safety offered in the new cars 

of restrictions on the positioning of unrestrained children, available to them. If so, they would encourage improved 

We are glad that the long development of child safety safety through the pressures of the market place. 

Panel Discussion on ESV/RSV Development 

ENZO FRANCHINI, has put industries, in particular the automobile in- 

Italy dustry, in serious difficulties. 

These difficulties concern numbers of interacting prob- 
lems such as consumption reduction (hence energy waste), 
weight reduction (hence cost), low pollution and accept- 

The ESV program has developed through distinct able safety. 
phases that have assumed different characteristics over The solution lies in innovation. Innovation in structure 
the years, and engine design, materials and electronics applied to 

motorcar, production technology. 
The first phase began with the definition of an ex- Today the automobile industry is making extensive re- 
perimental safety vehicle that would meet extremely search and investing large amounts of money in those 
severe requirements. On the one hand it led to models fields. The recent Italian accomplishments, Fiat VSS and 
not suitable for production and moreover excessively Alfa Romeo Svar, are mentioned in the Italian Govern- 
heavy; on the other hand to Fiat ESVs having a ment status report. 
limited weight but a cost increased by 40 per cent. Industry’s efforts call for cooperation by governments 

--The second phase defined a research safety vehicle in the field of economics and in the field of regulations. 
with less severe requirements aiming at its produ- These must be such as not to cause disadvantages in 
cibility. Even if less heavy models were developed, certain areas (e.g., weight, consumption, cost) with the 
in the light of the 1973 energy crisis weight and purpose of giving advantages in others (e.g., pollution and 
consumption resulted to be prohibitive, safety). Regulations must not be antithetical in their aims, 
The third phase has begun in the recent past in which but it is necessary that they have a realistic and thought- 
the energy crisis, combined with the economic crisis, out basis. 

Panel Discussion on ESV/RSV Development 

DOMINQUE C ESARI, rapid introduction of safety research results into produc- 

France tion cars. 
However, traffic accidents still remain a serious prob- 

During the last decade, the number of traffic accident lem for the industrialized countries; and it is, therefore. 
victims decreased while the vehicle miles traveled in- necessary to continue our research efforts to reduce their 
creased. A great part of this improvement is certainly due very serious consequences. 

to consequences of ESV/RSV program which allowed the Future programs should mainly address specific im- 
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provements in subsystems without necessarily developing posed by the European Experimental Vehicles Commit- 

complete prototypes of full scale cars. The field of work tee. The results of this work will be presented during this 

is extremely broad, and I would now like to discuss the Conference. We think that an integrated test procedure 

topics which we feel are most important, is a good way to improve the safety of cars; however, 

The French Government recently decided to set up an there are problems with its applications which must be 

accident investigation program which would deal with resolved. 

severe and fatal traffic accidents. This program will be In the same field, it would be interesting to make an 

principally concerned with vehicle crashes in the field of evaluation of the gain in safety as a result of the integrated 

active safety, test procedure in frontal impact. The problems in dealing 

During the past few years, car design has been improved with integrated tests concern the behavior of dummy 

to reduce fuel consumption. In this connection, there are improvements, and improvements in our knowledge of 

in France at this moment two projects for the design of injury mechanisms and human tolerance in order to 

cars which use less than 3 liters of gasoline to travel 100 choose realistic protection criteria. 

kilometers. These cars will have interior space similar to Another specific improvement one can think of is re- 

present cars, but they will be much lighter. Due to the straint systems design. The protection offered by safety 

importance of the loading of these cars compared to their belts could be increased by improving their performances 

curb weight, it is necessary to accomplish the gain in fuel during accidents and by increasing their acceptability to 

consumption without decreasing their safety performance, users. 

In the same way, the manufacture of future cars will In the field of side impact protection, injury mecha- 

more and more involve new materials. These new ma- nisms are presently known and specific solutions are pro- 

terials have a behavior during impact which is not fully posed by the car industry, but evaluation methods are 

understood. This behavior must be determined to estab- still uncertain. 

lish protection levels for occupants and other road users. Finally we think that international cooperation is nec- 

France has participated in the establishment of an in- essary to proceed more quickly and more efficiently. This 

tegrated test procedure for frontal impact and contributed is especially true in the field of biomechanica[ research 

to the definition of a test procedure for side impact pro- and dummy improvement. 

Panel Statement: A Future Plan for the ESV/RSV Program 

KEN ICH I GOTO, vanced taking into consideration the absorption of impact 
Japan energy. This was a great achievement of the ESV program. 

Based on the results of ESV program, the RSV program 

I have the pleasure of speaking to you about my private was initiated to develop a production car applicable to 

views on the future plans for the ESV and RSV program, the mid-1980’s. The results of this program have been 

In the first place, it is necessary to review the progress presented during the Eighth and current Ninth ESV Con- 

of the program to date. The development of Experimental ferences. I have some doubts about the success of the 

Safety Vehicles began in 1970 with the announcement of RSV program. I suppose that the types of vehicle pro- 

the ESV program. Although there might be some debat- duced after Phase 2 were developed by putting emphasis 

able points, I think that the specifications were epoch- on the specifications for crashworthiness. Such a vehicle 

making in the safety design of vehicles. In order to satisfy should not be evaluated as a model of producti6n cars 

these specifications, auto manufacturers in the partici- for the mid-1980’s. In my opinion, the RSV program was 

pating countries, after major design efforts, finished the not successful, whereas the ESV program was successful. 

evaluation tests of ESV’s in 1974. It should be pointed The IVS program was introduced as a follow-on pro, 

out, however, that the manufacturers could not develop gram to ESV and RSV. The current status of this program 

safety ehicles capable of fully meeting all the safety re- is unknown. My comments on the IVS program are that 

quirements. The major question pertained to body weight, it should not aim at developing a safety vehicle but at 

Vehicle weight had to be increased to reinforce structure developing a vehicle of the future. Automobiles should 

strength. An alternative solution was conceived to the be designed on a well balanced basis covering all require- 

effect that impact energy could be absorbed by the vehicle ments, not just safety. The IVS program calls for more 
body without reinforcing the structure strength. The de, specification items than for the RSV. I assume that the 

sign characteristics of the past which put emphasis on large manufacturers are obliged to develop and complete 

improving operational durability on bad roads were ad- an IVS. Furthermore, they have to expedite the devel- 
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opment of their own production models capable of possibility of the occurrence of an accident where crash- 
competing in the current innovative age. In these worthiness is required. With these points in mind, I would 

circumstances, manufacturers may be reluctant to develop like to stress that accident prevention should be empha- 
an IVS. Then, what should we do? I would like to suggest sized rather than crashworthiness. I agree with the current 

.......... that fundamental studies on problems relating to safety NHTSA program addressing the prevention of accidents 

be encouraged. Although it is attractive work to complete involving drunk drivers. As is often pointed out, the safety 

an IVS as early as possible, I fear that the RSV program problem consists of the automobile, the human, and the 

experience may be repeated, environment. In consideration of what is most important 

I have two concerns regarding the IVS program. The in these factors, I would like to say that emphasis should 

first concern is that the program supports rulemaking and also be placed on the other problems relating to the au- 

the other concern is that the program still places emphasis tomobile. 

on vehicle performance during collision. As to the first The best way to reduce injuries in vehicle accidents is 

concern, I understand that rulemaking is an easy way to to investigate the causes of accidents and then to find a 

enforce the application of safety requirements. The man- way to remove the causes. 

ufacturers are not in a position to easily adopt safety In conclusion, I propose that if we are to continue the 

devices since these devices are dit~cult to market. How- International Technical Conference on ESVs hereafter, 

ever, the persons engaging in safety problem have as their the first thing we should do is to clarify the role of these 

final object the reduction of injuries in vehicle accidents conferences and change the name to the International 

and not in rulemaking. My second concern addresses the Technical Conference on Automotive Safety. Thank you. 
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Compatibility and Passive Safety Terminology and Problematics 

Dr. ULRICH BEZ and Despite the age of this subject and the application of 

Dr. WALTER SCHMID a massive engineering potential, there are problems of 

Bayerisch Motoren Werke AG Germany understanding on a national and international level 
among experts and their discussion partners greatly 
impeding the efficiency of all these efforts. 

ABSTRACT A study of the contents of literature meanwhile avail- 

able regarding, e.g., COMPATIBILITY of vehicles in 
The different, semantic use of problem-relevant terms traffic accidents particularly reveals the problems in- 

is proving an increasing obstacle to understanding among volved. 
different experts and authors of technical literature. When What dominates is co-existence and ignorance. 
is a vehicle safe, when is it compatible, what is risk of The aim of this paper is to improve mutual understand- 
injury? 

These are only a few of the fundamental terms whose 
meaning differs from author to author, from automobile Degree of Danger 
manufacturer to automobile manufacturer, from country == , 

to country. 
~ 

, 
As a result of their work in various national and in- ~ 

ternational bodies, the authors of this paper are constantly ~: 
confronted with the problems resulting from different 
interpretation of such terms. Drawing on their own un- 
derstanding of the problems involved and the effects of 
stipulations, the authors in their paper attempt to explain 
such terms on an application-oriented basis, to define 
them and to supplement, or at least round off, the "struc- 
ture" by means of new terms. This paper is intended not 

only to be an aid to experts in informing others of their 
results but is also aimed at enabling the reader to un- 
derstand what has become rather complex material. 

INTRODUCTION 

The subject of SAFETY IN ROAD TRAFFIC is as 
old as the invention of the wheel. In recent times--since ~ 
1970--efforts relating to this subject have intensified on Degree of Safety 
a wide, international level. 

*Dr. Ing. h. c. F. Porsche AG until September 1982 Figure 1. Scheme: Risk - Danger - Safety. 
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ing between experts in industry and administration and SAFETY IN ROAD TRAFFIC 
to offer the experts a sound basis for a common goal- 

oriented approach. Following the preceding section which was devoted to 

Although the authors of this paper are aware of how higher-order aspects dealing with terms, we now provide 
difficult it is to change opinions once they have become an overview of the complex known as road safety. A 
ingrained and the problems which might confront com- particular aim is to classify the terms PASSIVE SAFETY 
men terminology, they nevertheless attempt to clarify the and COMPATIBILITY. 
meaning of the terms PASSIVE SAFETY and COM- The four principal sectors determining safety in road 
PATIBILITY by means of a comprehensive consideration traffic are: 
and then to define them relative to each other. For this The HUMAN 
consideration, it is necessary to somewhat delineate the The VEHICLE 
meaning of terms in general usage such as DANGER, The ENVIRONMENT 
RISK or SAFETY. The RESCUE SYSTEM 

The human is a significant risk factor on the one hand 

SAFETYnDANG ER--RISK as an active participant in traffic--being able to both avoid 

as well as to cause an accident as the result of his ca- 

Life in itself is dangerous. The definition in DIN 31004 pabilities and on the other hand in his capacity as a 

"SAFETY is the absence of DANGER" does admittedly passive participant in an accident is the victim of the 

imply a state of absolute safety. If, however, the focus of 
danger which he himself has frequently influenced. (Fig. 

this consideration regarding SAFETY is humans with 2.) 

their health and wellbeing, an absolute level of safety is 
Depending on his constitution, his physical and psychic 

state, he represents a greater or smaller accident risk and 
absolutely impossible for humans---due to the very nature 

of the matter, 
consequently also an injury risk for himself and other 

As shown in Figure 1, there are only conditions de- 
humans, whether as driver of a vehicle or pedestrian by 

scribed by a particular DEGREE OF SAFETY as well 
reacting, acting, judging in different ways. 

The impairment of human health is influenced by the as by a DEGREE OF DANGER. It is not possible to 

transfer DEGREE OF SAFETY into AN OBJECT IS 
mechanical loads which can be sustained by head, thorax, 

SAFE. Such statements are arbitrary, pelvis and extremities. It can today be stated as a reliable 

This description of state does however enable a com- 

parison to be made, e.g., of different means of transpor- 

tation whether expressed positively as DEGREE OF 

SAFETY or negatively as DEGREE OF DANGER. We 

can say, for instance, that means of transport A is safer 

than means of transport B. This necessitates laying down ~"-ff-~~~gme.t [ [accrue 

an absolute DEGREE OF SAFETY although it is suf- 

ficient to relate the objects under comparison to the same 

basis. 
The term RISK is closely related to the DEGREE OF 

DANGER and thus to DEGREE OF SAFETY. A small 

RISK means a greater DEGREE OF SAFETY and 

smaller DEGREE OF DANGER. 

¯ SAFETY is the probability of non-impairment of 

health and wellbeing of humans or non-damage to 

property, k Vehicle 

¯ DANGER is the probability of impairment to health 

and wellbeing of humans or damage to property. 

¯ The expressions SAFETY and DANGER are col- 

loquial simplifications of DEGREE OF SAFETY 

and DEGREE OF DANGER. The term RISK is 

closely related to DANGER and SAFETY. 

° Comparative considerations with the adjectives 

SAFE and DANGEROUS are possible, the prereq- 
uisite being: The same basis. 

° The adjectives SAFE and DANGEROUS do not 

determine the actual state or behaviour of an object. Figure 2. Structure of safety in road traffic. 
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fact that this load factor varies from human to human 
and is greatly dependent on age. 

[ Rehabilitation~. [ 

The behaviour of the vehicle is usually split up into an 
~ 

active and a passive sector. 
In the active sector, a vehicle which is as quiet running 

as possible, dampens vibrations to the maximum extent ~ndividual CaseI               | ~/ehicle-Specific 

possible and in which the air is properly conditioned 
I ~ [ [ Accident Risk H Accident-Specific 

~~.~. [Consideration-Specific provides the ideal requirements for maintaining the driv- 
er’s concentration at a high level. Good road behaviour ~ ~rity I ~ Frequency ~-~ 

also comes under this sector. The terms PASSIVE / k’~ /~ 
SAFETY and COMPATIBILITY can be found under Biomechanics1\~/ ~                            Human I 

Material Value i \. ! ""_-’ I _. / ! E.,iro,.me,tl the heading of passive behaviour. 
The environment affects vehicle safety inter alia by the " ~ ~ ~ Y [ Vehicle J 

visibility conditions existing, the condition of roads and 
any obstacles present. An essential factor is also the nature Figure 3. Structure of accident risk. Rescue as a filter func- 

of other road users, e.g., other vehicles or pedestrians, 
tion determines final rehabilitation. 

Rescue is significantly influenced by the human as res- 
cuer and helper, by medicine (e.g., shock prophylaxis) by 
means of technical aids such as salvage tools or medical of whom is involved in the damage or of how it is 
apparatus, as well as the organization set up to ensure distributed. 
that the right helpers are on the scene as rapidly as pos- 
sible with the right equipment. 

An attempt to change the degree of PASSIVE SAFETY Conflicts 
results in fundamental conflicting objectives from the mu- Changing individual elements of the four principal sec- 

tual influencing of the aforementioned principal sectors tots of PASSIVE SAFETY (Fig. 2) is still the method 

of passive safety, it being one of the principal tasks of the most widely used today to improve the degree of safety. 

engineer to solve or reduce these conflicts. Development engineers in the automobile industry rec- 
ognized early on, however, that a consequent reduction 
of the risk of injury, e.g., when impacting against a solid 

Passive Safety wall, can increase the risk of injury in other types of 

The definitions specified here are closely related to the 
accidents, such as a head-on and side collision involving 

terms elucidated, 
different vehicles. 

It is therefore questionable in respect of a large number 
¯ PASSIVE SAFETY deals with the effect of vehicle of legislative efforts based on individual elements--e.g., 

technology on the risk of injury to the human and impact against wall, post laterally, etc.--whether they in 
property in defined accidents and with the biome- fact increase PASSIVE SAFETY. 
chanical capacity of the human, which is assumed Solving such conflicts first of all demands researching 
to be known, the causes and mechanisms contributing to the occurrence 

The remarkable bandspread characterizing all known 
of damage. It is then necessary to balance the attainable 

analyses of real traffic accidents is attributable primarily 
improvements on the one hand with any impalrments 

to the large bandspread of the biomechanical capacity of 
which may have to be accepted on the other hand. 

the human and the different accident conditions. ¯ Problems of the DISTRIBUTION OF ACCIDENT 
Measures to change PASSIVE SAFETY therefore re- RISKS thus exist in the cases of conflicts. 

quire to be oriented on statistical characteristic values. 
Improvements to PASSIVE SAFETY result in a reduc- Compatibility 
tion in the ACCIDENT RISK by reducing INJURY 
SEVERITY and MATERIAL DAMAGE (Fig. 3.). Based on the knowledge of this problem of distribution, 

Using the designation, common in safety science, the the following terminology is therefore proposed. 

severity of an accident becomes DEGREE OF DAMAGE ¯ COMPATIBILITY is concerned with the mutual 
S and the frequency of accident becomes PROBABILITY influencing of elements of the four principal groups 
OF OCCURRENCE OF DAMAGE W and thus AC- of PASSIVE SAFETY: 
CIDENT RISK R. 

Nature of collision 
R = S ° W Nature of vehicle 

¯ PASSIVE SAFETY influences the degree of AC- Nature of risk 

CIDENT SEVERITY primarily and independently Nature of consideration 
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Nature of collision is, e.g., single-vehicle collision, The conclusion to be drawn from this is that the strat- 

front-end, side or rear-end collision with other vehicles egy of the observer is of significant influence. 

or rollover. Nature of risk of accident relates, e.g., to 

material damage or slight or severe injury to different 
COMPATIBILITY STRATEGIES 

parts of the body. 
Apart from different types of private cars, we must 

If Chapters 1 to 3 are used in assessing technical lit- reckon with collisions concerning trucks, buses and two- 

wheeled vehicles, 
erature--referred to in the Appendix it can be stated 

that all the principal work can be arranged in the ter- 

o COMPATIBILITY PROBLEMS are problems in minology stated. On the other hand, the statement and 
which defined vehicle changes on the one hand in- results differ due to the application of different strategies. 
crease PASSIVE SAFETY, reduce the risk of ac- The strategy determines the results like a filter of spec- 
cident at that point while on the other hand tra] analysis, employed for input data with the same or- 
increasing another ACCIDENT RISK. igin. 

o Compatibility influences the statistical accident risk To aid understanding, it is urgently necessary in future 
of the entire number of all accidents via the distri- for all authors, speakers, organizations, industry and au- 
bution of the accident risk in the individual case and thorities to clearly set out what is the strategy basis of 
thus the DEGREE OF PASSIVE SAFETY. their knowledge or requirements. 

In the same way as with the term SAFETY, a state of Figures 2 and 5 are an essential aid in this respect. 

complete COMPATIBILITY is not possible since defined Figure 5 presents the principal strategies and possibilities 

for mixing in a systematical form. Mixing takes place not distributions are in themselves only variants which can 

only be assessed and arranged by employing further cri- only via the three circles MOTIVATION, FILTER, 

teria. For this reason, the DEGREE OF COMPATI- SPACE but also within each circle. It is seldom a matter 

BILITY is decisively influenced by the criteria employed, of the PURE FORM of a strategy. 

When dealing with compatibility problems, the view- For instance, if the economic aspect dominates-- 

whether national or private economic aspectswpolitica] point of the observer is of elementary significance. The 

primary consideration may be self protection, protection 
(company or state) factors or humanitarian (moral or 

of other traffic users, losses to the economy or insurance 
ethical) factors always play a role. 

The middle circle, the FILTER CIRCLE, shows that economic aspects, 
the motivation aspects are filtered in a purely arbitrary 

manner or with focal points---e.g., dealing exclusively 

Degree of Compatibility 

.~_ 

"~.~a n it 
Conflicting Objectives 

Figure 5. Presentation ol important compatibility strategies 
Figure 4. Scheme: Passive safety- Compatibility- conflicting and their correlation (motivation circle, selection 

obiective, circle, space limitation circle). 
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NHTSA Frontal Structures Research 

CARL L. RAGLAND The next step will attempt to assess the effect of these 

National Highway Traffic Safety risk factors to determine the potential for occupant harm. 

Administration 
This risk assessment will be accomplished using simple 
but valid trend predicting analytical techniques. These 
techniques will relate the risk factors and changes in risk 
factors to overall fleet risk which allows the final step to 
be accomplished. 

A methodology is being developed to assess fleet safety The final step in the approach utilizes an accounting 
in the frontal crash mode. While many individual safety model which sums the risk potential for all input scenarios 
contributions have been made in improving safety poten- to determine the optimum physical parameters for any 
tial of one vehicle, few studies have successfully predicted given exposure which minimizes occupant risk. The out- 
net safety gains which may be obtained by relatively minor put of one such study is shown in Figure 1. This study 
vehicle changes (in some cases) applied to large portions shows that for the range of input parameters there exists 

of the fleet. This study addresses the methodology for a minimum harm level associated with stiffness for every 

predicting the net gain in safety benefit by manipulation theoretical crash pulse shape. This result is very important 
of input vehicle/fleet parameters (stiffness, weight, fleet in indicating the need for optimizing stiffness. However, 
distributions, accident distributions), and occupant injury the sample output shown here is not relatable to the real 
predictive analysis. The application of this methodology fleet because the definition used for stiffness is not ap- 

is the identification of optimized vehicle structural input plicable to car-to-car collisions and the crash pulse shapes 
parameters which result in minimum risk to the popu- are too theoretical (not linked to specific cars). This out- 
lation as a whole, put is useful, though, to predict expected results from a 

more refined study. This paper will discuss the efforts to 
refine a methodology to assess present and future fleets 
and determine expected safety improvements associated 
with fleet/vehicle changes. 

Even though protection of occupants in frontal crashes 
has ~n a major focus of safety efforts in recent years, 
frontal crashes still continue to present the largest risk RISK FACTOR 
to passenger car occupants. For instance, 50% of all 
passenger car fatalities and 53% of all light vehicle serious Data Collection 
injuries (AIS _> 3) result from frontal accidents. These The first step in the research approach is the collection 
data are obtained from NHTSA’s Fatal Accident Re- and compilation of data necessary for input to the ac- 
porting System and from the National Crash Severity counting methodology. As a major source for crash test 
Study. and vehicle data, including weight, stiffness, geometry, 

To investigate this problem, NHTSA frontal structures 
research is undertaking a systems approach quantitatively 
identi~’ing problem areas, conducting parameter studies 
to optimize structural/safety design and performance pa- 
rameters, and finally recommending countermeasures \ 
that would be most effective in a specific fleet environ- 9.., \ X. 4 / 
ment. a ~ \ / 

The first step of this approach is identifying all pertinent \ / 
factors which influence occupant risk. These factors in- 
clude exposure factors and physical factors such as stiff- 
ness, crash pulse shape, intrusion, and vehicle interior 
geometric and restraint data, all of which will be derived 
from various data sources including but not limited to: 

6 

~!, SINESQUARE PULSE 

--accident data 
--crash test data 
--registration data 
--fleet weight data ~0 ~0 ~ ~ ~0 ~0 70 

CAR STIFFNESS, KLBS PER FT 

--analytical studies 

~vehicle studies Figure 1. Injury frequency vs. stiffness by crash pulse shape. 
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etc., the NHTSA has collected in a data base system over 

460 records of crash tests of various types performed over 

P U LS E S H A P E the past several years. Of these crash tests, approximately 
240 include tests in which at least one of the vehicles 

G ROU P (S KETCH) were impacted with a predominantly frontal PDOF (prin- 
cipal direction of force). These records will be the primary 

t emphasis of this study along with other necessary fleet 

properties, distributions of weights (current and pro- 

A x jected), etc. 

Collection and compilation of the crash test data are 

being performed to present the data in a format which is 

~/ 
~ t compatible with accident data. These data will be pre- 

sented in tabular form showing distributions of delta V’s, 

B x striking and struck car weights, collision types, and im- 

pact types. Comparisons will then be made with accident 

data to determine commonalities and voids in test data. 

~ 
,~ t As shown in Figure 1 and in other research findings, 

crash pulse shape can have a significant influence on 

C x occupant frontal crash protection (1). Therefore one of 

the primary physical factors associated with occupant risk 

is crash pulse shape. This factor has been condensed from 

t the 240 crash tests into 9 generic crash pulse shapes as 

shown in Figure 2 (2). These data will be useful as input 

D x to the accounting model for identifying one of the primary 

characteristics of the existing fleet. 

From this sample of crash pulses it can be determined 

~ 
t that, while variations of crash pulse shape are available, 

these variations may be narrowed down to perhaps 5 or 

E x 6 basic shapes. Future research work will concentrate on 

sales weighting these data to determine a representative 

fleet distribution. 

t Another structural parameter which can be linked to 

crash pulse shape is structural stiffness: Here stiffness is 

F x defined as the combination of factors influencing resist- 

ance to crash forces. Where specific stiffness is unique to 

each crash event, generally stiffness may best be derived 

~ 
t from dynamic loads measured during a specified crash 

event such as a fixed load cell barrier test. The NHTSA 
G x has collected and compiled such force-crush curves using 

a NHTSA designed load ce!l barrier. This barrier, shown 

in Figure 3, is constructed of rigid supporting structure 

t 

, 
Figure 2. Generic crash pulse shapes. 

Figure 3. NHTSA load celt barrier face. 
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used to mount thirty-six, 50,000 pound capacity load cells, Table A. Stiffness comparison for 35 mph load cell barrier 

capable of measuring a 25,000 pound off-axis load when 
tests. 

combined with a 25,000 inch pound moment. Extremely 

good data are being collected from this device. Integration N H TSA T EST 
of load-time histories indicates virtually no loss of load TEST VEHICLE STIFFNESS, 
based on impulse-momentum balance. Additionally there N O. WEI G HT (LB S. / FT.) 
is very negligible noise content in data. 

Force-time data from the load cell barrier have been 118 3066 55900 
collected on a small sample of test vehicles. These data 119 2404 69200 
include approximately 14 model year 1980 cars, 12 model 122 2314 58400 
year 1980 cars, and 24 model year 1982 cars (1982 model 

year testing is currently in progress with approximately 
137 3714 80900 

10 model year 82 tests completed at date of writing). 194 2707 75000 

Utilization of these data has been primarily to determine 273 2456 77000 
stiffness of the crash tested cars and hence to extrapolate 333 2214 73000 
stiffness properties to the entire fleet. 334 3417 87800 

A sample of the total load,time data digitally filtered 

at 300 Hz cut-off is shown in Figure 4. 
365 2650 57000 

Two secondary benefits have resulted from load cell 380 3965 52000 

barrier data. First, load data, unlike accelerometer data, 386 3930 93882 

have proven to have low susceptibility to noise and vi- 425 4615 89000 
bration. Therefore load-time data, can be used to "match" 426 2641 60300 
the best accelerometer response, when several redundant 

427 3880 84600 
accelerometers are available in the vehicle compartment. 

Secondly, the actual structural response is measured with 428 2767 58500 

a high degree of precision. This allows assessment of 999* 3428 45600 

repeatability of test car structures under similar test con- 999* 3060 65581 
ditions. Load data, in this case, can identify structures 999* 2584 88000 
that behave differently in tests due to manufacturing/ 

design changes, etc. . 

Complete load cell barrier data (load-time) are stored TO B E ASSIGN E D 

FLTER CUTOFF FREQUENCY 300 H~* PEAKS 165531 12505578 POL 

Table B. Stiffness comparison for 35 mph load cell barrier 
tests, 2100-2700 pound weight class. 

NHTSA TEST 

~ ~ 
TEST VEHICLE STIFFNESS, 
NO. WEIGHT K 

(LBS./FT.) 

119 2404 69200 
1 22 2314 58400 
273 2456 77000 

~ 333 2214 73000 
365 2650 57000 

, __~    ,     ,     , 426 2641 60300 
~,:, 0~,~ ~, ~ 0 ~ ,~ ~2 ~, ,~ o ,8 

999* 2584 88000 
~!ME S[ CONDS 

Figure 4. Load-time data filtered at 300 Hz. 1981 Mercury * TO BE ASSIGNED 
Marquis, 35 mph load cell barrier total force vs. 
time. 
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Table C. Stiffness comparison for 35 mph load cell barrier    Table E. Stiffness comparison for 35 mph load cell barrier 
tests, 2700-3300 pound weight class,                      tests, over 3900 pound weight class. 

NHTSA TEST NHTSA TEST 

TEST VEHICLE STIFFNESS, TEST VEHICLE STIFFNESS, 

NO. WEIGHT K NO. WEIGHT K 

(LBS./FT.) (LBS./FT.) 

118 3066 55900 380 3965 52000 

194 2707 75000 386 3930 93882 

428 2767 58500 425 4615 89000 

999* 3060 65581 

* TO BE ASSIGNED most simply be expressed as a frequency distribution of 
the shortest distance between an occupant’s head or chest 
and interior components. An example is shown in Table 
F. More sophisticated dimensions may be required for 

in the NHTSA data base. Table A presents one form of more detailed occupant studies. Fleet distributions are 

comparing these data using the definition that stiffness, available from many sources such as fuel economy data 

K, is the maximum force divided by the dynamic crush for projected fleets, Polk Data, and accident data sources 
.... which occurs at the same time as that maximum force such as NCSS (National Crash Severity Study)and NASS 

...... value. While this straight line force-crush is not totally (National Accident Sampling System). One compilation 

representative of overall stiffness, it serves as a reasonable of 1985 weight projections is shown in Figure 5 while 

approximation in most cases for classifying the selected overall NCSS passenger car weight distribution is shown 

test cars by stiffness. A weight breakdown of this small in Figure 6 (3,4). Frequency of closing velocity distri- 

sample of data is presented in Tables B through E. Future butions and accident types is obtained also from NCSS 
..... attempts will be made to expand this sample size to in- and NASS data along with occupant injury relationships~ 

clude a cross section of cars in terms of stiffness. Then, It is anticipated that exposure data as currently obtained 

association of crash pulse shapes with stiffness will be will not significantly be altered in future fleets, except 

used as input to the accounting methodology to be de- weight-frequency distribution changes. Other data being 

scribed in the following section, compiled for possible input to the analytical accounting 

Other data required to analytically assess the frontal model are interior data necessary to exercise an analytical 

crash environment include interior geometry of occupant 2-D or 3-D occupant model. These data may include input 

compartments, fleet weight distributions for current fleets for intrusion in the model, various occupant sizes, various 

as well as projected fleets, closing velocity frequency dis’ seating positions, etc. It is anticipated that the more com- 

tributions, and relationships between occupant injury se- plex approach to occupant modeling will not, however, 

verity with both intrusion and occupant impact speed be a part of the initial research effort. 

(with interior vehicle components). Interior geometry can 

ASSESSMENT OF RISK FACTORS 
Table D. Stiffness comparison for 35 mph load cell barrier 

tests, 3300-3900 pound weight class. The primary factors which are related to risk and are 
practical to control by vehicle designs are vehicle struc- 

N H TSA TEST tures and occupant protection countermeasures. Since nu- 

TEST VEHICLE STIFFNESS, 
NO. WEIGHT K Table F. Occupant spacing frequency distribution. 

(LBS./FT.) 
Xn (INCHES)          F (%) 

137 3714 80900 6 34 
334 3417 87800 12 50 
427 3880 84600 18 8 

999* 3428 45600 24 8 

Xn=MINIMUM SPACING BETWEEN OCCUPANT AND INTERIOR SURFACE 

* TO BE ASSIGNED F=FREQUENCY OF OCCURRENCE OF A GIVEN OCCUPANT SPACING 
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UNRESTRAINED OCCUPANT 

~ 
SPACE BETWEEN OCCUPANT 

AND INTERIOR SURFACE 

m~m VELOCITY OF ~NTERIOR 

(INTRUDING) SURFACE 

~.m VELOCITY OF ONE-MASS 
OCCUPANT MODEL 

7o                                                                                                          VELOCITY OF VEHICLE COMPARTMENT 

OCCUPANT 
~--’,~.~/~"~ ~.V WITH 
\",1 "~-~/...4 NO INTRUSION 

OCCUPANT 

Figure 5. 1985 passenger car weight distribution by sales. 

merous other studies have addressed occupant protection 
TIME 

countermeasures in the vehicle interior, this paper will Figure 7. Unrestrained occupant velocity-time relationships. 
concentrate on assessing factors relating to vehicle frontal 
structures for design optimization purposes. Assessment 
of occupant risk requires understanding of general effects 
on the occupant due to changed structural parameters, velocity. Figure 5 shows the various occupant velocities 

A simple occupant model will be employed, which will be used to assess occupant harm. Likewise 

The direction for assessment of structures/occupant determination of contact speed is determined (if it occurs) 

response is to adequately predict trends of occupant pro- for a restrained occupant as shown in Figure 6. Addi- 

tection by varying structural parameters. For instance, tionally, intrusion is considered very simply as a rigid 

predictions of occupant harm for unrestrained occupants coupling between the front bumper and the intruding 

will be based on the difference between the velocity of a surface (dash, steering assembly, etc.). Therefore, when 
intrusion begins it is assumed the intruding surface im- 

free flying single mass object representing an occupant 
and the compartment velocity at the time the one-mass 

mediately undergoes the entire delta V of that crash event 
as shown by the theoretical representation of the interior 

occupant contacts with interior. Time of interior contact 
is determined based on the difference between the inte- 

intruding surface velocity profile in Figures 7 and 8. Fur- 
thermore it has been experimentally shown from crash 

gration of the occupant velocity and the compartment 
test data that intrusion begins at approximately the time 
the crush reaches 80% of the value of the measured 

RESTRAINED OCCUPANT 

~ ’~] SPACE BETV’VEEN OCCUPANT AND 80 / INTERIOR SURFACE 

~ ------ VELOCITY OF INTERIOR 
dNTRUDINGI SURFACE 

~o~ VELOCITY OF ONE-MASS OCCUPANT 

MODEL 
60                                           VELOCITY OF VEHICLE COMPARTMENT 

OCCUPANT 
&V WITH 

OCCUPANT INTRUSION 

0~ ~    ~         1                        
I 

10~ ~     3CO0    4O0O     5000 6000 7000 

VVE~GHT (LBS) 
TIME 

Figure 6. NCSS passenger car weight distribution. Figure 8. Restrained occupant velocity-time relationships. 
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RABBIT TO CONCORD @ 32 MPH FRONTAL RABBIT/CONCORD OCCUPANT VELOCITY 

10,0 0,0 ~ 

~,, ~, TEST DATA ~ TEST DATA 

~ ANALYSIS NALYStS 

0,0 -9.0 

L~ 

35 MPH AV FROM TEST 

0,0          25,0          50,0          75.0          100.0          125                   -45.0 
0.0          20.0          40.0          60.0           80.0          !00 

TIME (MILLISECONDS) 
TIME (MILLISECONDS) 

Figure 9. Acceleration time history for Rabbit from Rabbit- 
to-Concord crash test and from analytical predic- 
tion. Figure 10. Velocity-time history of theoretical one-mass oc- 

cupant, test vs. prediction. 

distance between the engine and the front bumper. These 

distances on existing cars in the crash test data base may pulse. Part of the computational software assumes a con- 

be obtained and assessed relative to occupant safety, stant force crush of the "weaker" car when its peak crush 

While these occupant injury relationships are simply is reached. This plateau can be seen in Figure 9. Ad- 

........ conceived and are not expected to accurately predict crash justments are then made to the duration of impact to 

protection potential of an individual vehicle in the fleet, obtain a theoretical impulse/momentum balance° Refine- 

it is expected that general "good" and "bad" structural ment of this methodology is still ongoing to validate 

characteristics (crash pulse, stiffness, engine placement) sults against crash data in all impact conditions. Also 

of individual vehicles and vehicle fleets can be identified, consideration is being given to the question of whether 

To produce the multitude of crash pulses that can be 

generated from various car-to-car, object, etc., collisions 
RABBIT/CONCORD OCCUPANT SPACE 

an analytical crash model was developed. This analytical 

tool is used to predict occupant compartment response. 
~ By using this method, vehicle crush as well as time oc- "~t 

currence of crush is predicted. Therefore, all of the sim- 

plified occupant parameters as previously described can 
be defined. An example output is compared to actual 

crash data for a car-to-car collision in Figures 9 to 12. 

Note this shows the most difficult predictiola in which =        ?~ 

two cars of incompatible structures collide head on. Par- 
~ 

_~ 5,. occu~,. ~_.~ SPAC~.~ ~,OM TES~ _--h 

ticularly encouraging is the reasonable accuracy of the ~ 
dynamic crush, see Figure 12. Compared parameters are 

presented in Table G. Note from Figures 11 and 12, 

intrusion begins substantially before the occupant would 

have contacted the interior surface (without intrusion). 
Therefore, as can be seen by referring to previous Figure 

7, the occupant undergoes the total vehicle delta V as -~5.0 ~ I       1 A .... 
0.0 20~0 40 60.0 

reported in the table. T~E (MILLISECONDSI 

The basis of this crash analysis is a comparative method 

by which structural crushing forces generated in two-car T,EOR~C.L CONTACT T~MES ~ 

crash tests are compared at each time increment of the 

crash event to determine how each car is crushing due Figure 11. Rabbit unrestrained occupant spacing vs. contact 
to its lower force level and to predict the resulting crash time, test vs. prediction~ 
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crash velocity, and occupant injury data as previously 
RABBIT INTRUSION 

discussed. 
400 

~ TEST DATA 

-- ANAL¥S,S EXPERIMENTAL APPROACH 

Once an analytical method successfully predicts trends 
for improved structural crash performance, an experi- 
mental technique needs to be developed to verify results 

22 

04 

~ AVAILABLE CRUSH SPACE of this prediction. Currently the accepted method of eval- 

I ,,A~ BEFORE INTRUSON uating crashworthiness is by flat rigid barrier. While this 

method has proven valuable in advancing state-of-the art 

so~ / !~i in crashworthiness, particularly with regards to restraint 

| ,t/ l i development, it has done very little to advance improve- 

1 ,Y I! ments in compatibility as evidenced by extreme variations 

~oL/ I: in stiffness (Table A). Shortcomings in assessment of 
crashworthiness and compatibility using the fiat rigid bar- 
rier are twofold. First of all the intrusion aspect of crash- 
worthiness is not evaluated on a comparable scale. This 

50! 
0 0 250 500 75.0 100,0 125 assessment can be readily visualized when one considers 

TIME IMILUSECONDS! that in barrier crash testing, intrusion is proportional only 
to kinetic energy, meaning intrusion could be just as severe 

t t THEORETICAL TIMES WHEN INTRUSION BEGINS for large and small cars alike. In the accident environ- 
ment, however, it is recognized that intrusion is typically 

Figure 12. Rabbit displacement-time history to predict intru- a greater problem for small car occupants. Also, accident 
sion, test vs. prediction, 

data show greater intrusion than crash test data at com- 
parable delta V’s. This latter observation is due to the 
crash environment of usually less than full frontal en- 

accelerometer generated force data can be used rather gagement resulting in lower acceleration (force) and 

than currently used load cell data which have restricted greater extent of crush. The second shortcoming of the 

availability, rigid barrier is the assumption that actual objects crashed 
into by a car will have the same force-crush properties 

PARAMETER STUDIES AND                    as the car or will be non-yielding. 
This assumption, while reasonable if stiffness of the car 

OPTIMIZATION is "average," may result in ineffective restraint designs if 
the structural properties of the car versus those of the 

A methodology is currently being developed to account fleet are not considered. Note that car-to-car force inter- 
for all of the above parameters and predict their combined 
effect on occupant harm. The basis of this methodology 
was developed by Dr. A. C. Malliaris. A sample of the 
output generated was shown in Figure 1. Results were Table G. Comparison of Rabbit data from Rabbit-to-Concord 
encouraging from the initial exercise of the methodology, test and analysis. 

but several refinements are required to include "best" 
available input data as previously discussed. TEST ANALYTICAL I 

One of the major refinements to the model replaces 
DATA SIMULAT!ON 

empirically derived equations to predict occupant re- PEAK ACCELERATION 35 g’s 34 

sponse Rand separate equations to predict crush and in- VELOCITY CHANGE OF 42 MPH 42 MPH 

trusion with the structural crash model as previously 
OF VEHICLE 

discussed. MAXIMUM CRUSH, 28.6 INCHES 28 INCHES 

Other refinements to the accounting methodology will 
RESIDUAL 

include the ability to analyze a nonhomogeneous fleet of VELOCITY WHEN OCCUPANT 42 MPH" 42 MPH’ 
HITS INTRUDING (CALCULATED) 

varying stiffness and crash pulse shapes. SURFACE 
As far as input refinements, all input parameters are VELOCITY WHEN OCCUPANT 35 MPH 38 MPH 

being validated and changed as necessary using latest and HITS NON-INTRUDING (CALCULATED) 

best available data. One of the major refinements is in 
SURFACE 

the area of structural data, which includes stiffness prop- 
* SAME AS AV 

erties and crash pulse shapes. Other areas include weight, 
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also intended to be inversely proportional to structural 

stiffness of the test car, rigid unlike the barrier environ- 

ment, in which intrusion is proportional to kinetic energy 
or energy dissipated by the cars structural collapse. 

The means of testing cars in this crash environment is 
performed with a deformable moving barrier. Inciden- 

BRAKE tally, load cells are mounted behind the deforming ele- PEDAL 

ment to enhance knowledge of the structural behavior of 
the test car. This barrier is constructed of aluminum 

DISTANCE AFT FROM M|D-~c~T honeycomb and is the same barrier developed for side 
TRACK POSITION 

impact testing (5). It is designed to absorb energy roughly 

equivalent to that of a 1600 pound car impacting a rigid 
barrier at 35 mph. The purpose of this design is to force 
larger cars to absorb more energy for compatibility as- 
sessment and intrusion assessment. 

Results of dummy response parameters using Part 572 
dummies are shown in Table H. To eliminate variability 
in these tests the restraints were fixed at the "D" ring, 
thus eliminating restraint spool-out. Also for comparative 

BOX BEAM DIMENSIONS 
analysis the seats were placed identically, as shown in 
Figure 13, to represent an intuitively average seating po- 

Figure 13. Seat positioning method used in deformable mov- sition. One more deformable barrier test is planned in the 
ing barrier testing, near future using a Fiat Strada. Analysis of the data has 

not been completed and will be presented at a later date. 

actions are emphasized here because only 40% of the AIS 
> 3 injuries are associated with fixed object collisions CONCLUSIONS 
with a very small percentage of that number being a truly . 

rigid, flat surface. The remaining 60% frontal AIS > 3 This study is based on the premise that occupant risk 

injuries result from car-to-car collisions with a relatively is dependent not just on the singular properties of a vehicle 

large share, especially the more severe crashes, associated but on the properties of the entire fleet. Research studies 

with front-to-front collisions. Thus the largest percentage have shown that occupant response is indeed related to 

of accidents, in which peak accelerations approach the crash pulse shapes. It may also be rationalized that crash 

peak dynamic force capability of the structure (divided pulse shapes are dependent upon stiffness and on the 

by the mass), are accidents involving reasonably sym- combination of stiffness in car-to-car events. Therefore 
.... metric front-to-front collisions, occupant response is also dependent on stiffness as it 

Therefore the crash environment initially chosen for indirectly affects the crash pulse shape. Stiffness also af- 

experimental structure crashworthiness and compatibility fects the occupant harm environment directly by either 

evaluation, is one that creates maximum acceleration and preventing or allowing intrusion, particularly in car,to- 

maximum intrusion under a delta V environment which car collisions. 

is inversely proportional to test car weight. Intrusion is NHTSA research will continue to quantify the effects 

Table H. Dummy response using frontal deformable moving barrier. 

FEMUR LOADS 
CHEST G’s 

CAR 
TEST 

HIC 
3 MSEC              DRIVER PASSENGER 

TYPE 
DRIVER PASSENGER DRIVER PASSENGER LEFT RIGHT LEFT RIGHT 

CITATION DMB 483 418 40 30 255 750 1700 300 

VO LVO DM B 352 361 29 35 500 2000 200 750 

MARQUIS DMB 313 269 27 28 800 600 600 600 

CONCORD DMB 806 523 58 38 1825 1100 675 525 

CUTLASS DMB 1101 751 48 35 520 225 1585 !800 

RA B BIT DM B 2250 707 59 39 550 400 650 400 
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Frontal Crash Protection in a Modern Car Concept 

RUNE ALMQVIST, HUG() MELLANDER, INTRODUCTION 
MAGNUS KOCH 

Volvo Automotive Safety" Centre Volvo Car With the Volvo Safety Engineering Philosophy as a 

background this paper describes how the crashworthiness 

characteristics at the very first beginning of a project are 

built into a new car and how this is controlled through 

the total development programme. 

Volvo’s Safety Engineering Philosophy is described in VOLVO SAFETY ENGINEERING 
detail starting with Volvo traffic accident investigations PHILOSOPHY 
as one of the most important inputs to the safety char- 

acteristics specified for a new Volvo car. How the safety One of the primary characteristics of a Volvo car has 
characteristics are transformed to measurable properties for a long time been safety and with the safety charac- 
in laboratory environment is then explained and exem- teristics Volvo has always meant safe transportation in 
plified. The car specification is further broken down to the real traffic environment. 
system and subsystem specifications suitable and Volvo Safety Engineering Philosophy can be explained 
understandable to the engineer at the drawing board, by a circle as in Figure 1. 
The engineering follow-up procedure, including As safety in the traffic environment is the primary goal, 
Crashworthiness Design Review Meetings and at the end it is important to know the real performance of our cars 
certification tests and production control tests, is dis- in actual accidents. 
cussed. 

How variations in test results affect the engineering 

procedure and methods to set engineering limits to be Accident Analysis 
used during the different design phases are discussed. Since 1965 Volvo has carried out traffic accident re- 

How this Safety Engineering Philosophy is imple- search on Volvo cars and the knowledge from this re- 

mented into the development of a new Volvo car is then search is used to set up our own safety requirements. 

described step by step and exemplified by different tech- Volvo’s Traffic Accident Research consists of two main 

nical solutions and test results, parts 
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ronment. The complex accident has to be transformed to 

!~-~:~7,~ i 

a test which is repeatable and reproducible. Examples of 

Cmn~t~m" these tests are frontal impacts into a rigid barrier, movable 
"’ deformable barrier for side collisions and rollover simu- 

...... 
tmoov~toN ~ 

Q~ ~¢z~t~m 

lations. 
¢D~lgot A~AtV~Iq The occupants in the car have to be simulated with 

test dummies. These dummies are of course not in every 

1~.0~~1 [ I~1~1~’~111~’1 detail copies of the human being but they are anthro. 
I I 

t------------I[ ~ll~O~llt [ 
pometric and anthropomorphic. Dummies of different 

t~t~tol¢ sizes are available (such as 5th percentile female, 50th 
I~�$~1~1 

percentile male, 95th percentile male and many different 

IJOOV "~v#lf-~ sizes of child dummies). Several different injury criteria 
�,~u~’~ ~t~’)v~l~M are connected to the dummies, e.g., head injury criterion, 
Ot4itlt~ 

[ I~|~" ] 

Wtqot~t~ttt4 
chest injury criterion, femur injury criterion. These cri. 

o~t:t~ teria have been found through biomechanical research. 
Within our function analysis staff Volvo has an expert in 

Figure 1. Volvo Safety Engineering Philosophy.              biomechanics who monitors this research in detail, 

Engineering Requirements 
--multidisciplinary accident investigations Having the functional laboratory requirements on the 
--data collection and statistical analysis complete car is not enough. The car must be divided into 

....... The multidisciplinary accident team is on call round various systems and the system into various subsystems. 

the clock, seven days a week. All accidents with occupant With this technique the complete car requirement for 

injuries in a Volvo car, truck or bus are investigated. On different collisions could be broken down into a set of 

the scene of the accident, the investigator looks for all system and subsystem requirements which can be checked 

information which can be of importance during his later in laboratories and which are understandable to the draft- 

......... analysis. This analysis consists of finding the cause of the men and engineers. 

accident and the consequences to the occupanth and the The requirements on systems and subsystems form the 

vehicle. The medical expert of Volvo’s investigation team basis for our development technique within the safety 

gets in touch with his colleagues at the hospital to which engineering procedure. The two major systems are the 

the injured persons have been taken. With the help of body structure system and the interior system. The body 

data from the vehicle and information concerning the structure system covers the "body in white" and drive 

...... sustained injuries, it is possible to relate the pattern of line (engine-transmission) and the interior system covers 

....... injuries to the type of impact which caused them. all the interior of the car such as instrument panel, steer- 

To get a material large enough to be used in a statistical ing wheel, seats and safety belts. 

analysis ~Volvo’s unique insurance system has for a long The requirements for the structure system are built up 

time been used. All Volvo cars sold in Sweden are covered around a measuring technique using barrier tests, "body 

by a three-year motor vehicle damage warranty. This tests" and component tests. During the entire develop- 

damage warranty is administrated by Volvo’s insurance ment procedure analytical tools such as structural mass/ 

company. Through this motor vehicle warranty system spring models and finite-element calculations are used to 

Volvo has access to all data concerning the accidents, further optimize the mechanical engineering. 

Each year, about 45,000 such accidents are reported to Two very important requirements for the structural 

the warranty department. About 5,000 of the more se- system are intrusion and deceleration characteristics in 

dously damaged vehicles are inspected by Volvo’s staff the different crash tests. The reason is that these char- 

of 12 damage assessors who are placed throughout the acterisfics form the inputs to the interior system. The 

country. The basic information for our statistical accident basic development technique for the interior system is a 

research comes from this group of serious accidents, crash simulator in which the intrusion and deceleration 

Our own data in combination with data from different can be reproduced. In this way the development of the 

accident data files from all over the world are the basic interior is not depending on the possibilities to crashtest 

background for setting our priorities, complete cars. As for the structure system the interior 
system uses several subsystem tests and in parallel cal- 
culations in mathematical models are made. 

Laboratory Requirement After a couple of loops between the structure and in, 
The first step in the engineering procedure is to trans- terior engineering departments in which an optimization 

form the accident scene to a controlled laboratory envi- of performance, weight and cost is done, the complete 
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Figure 2. Development cycle for a new car. 

car is ready for the evaluation and certification phase. In Traffic Accident Research can start its investigations to 

this phase complete cars (try-out and preproduction cars) evaluate the safety performance and to gain more knowl- 

are tested with the specified test methods and controlled edge for further improvements. 

against the specified criteria. A few extra loops back to 

structure and interior system may be necessary during 

the evaluation phase. Certification tests against legal re- FRONTAL COLLISION PERFORMANCE 
quirements are then made, sometimes with representatives FOR THE NEW VOLVO 760 
from the authorities witnessing the actual tests. Figure 2 

shows a typical development cycle for a new car. The above described engineering philosophy will now 

be repeated and the special considerations during the 

Production Control 
development of the new Volvo 760 will be accounted for. 

From all international traffic accident statistics as well 
During the development many different types of doc- 

as our own (refs 1, 2) it is obvious that frontal collisions 
umentation are produced to ensure the production qual- are the type of collision with the highest number of ac- 
ity. A special documentation system for Vital Safety Parts cidents as well as the highest total cost for the society. 
(VSP) is used to This has since a long time been recognized by Volvo 

--guide product engineering, manufacturing and as- and since the early fifties Volvo has gradually introduced 

sembly in accordance with government requirements different kinds of technical solutions to improve frontal 

---demonstrate compliance with government require- crash protection (ref 3). When the work to specify a new 

ments Volvo for the eighties started, one of the highest priorities 

--limit the number of vehicles affected by recall action was to engineer a car with outstanding performance in 

in case of non-compliance or safety defect frontal collision. 

--limit product liability exposure and demonstrate that 

due care has been exercised Test Method 
During production control many systems and subsys- The first step in our safety engineering procedure was 

tems (e.g. safety belts, windshields, seats, sunvisor) are to transform the overall specifications to functional re- 

tested and complete cars are taken as samples for crash quirements measurable in laboratory environment. Dif- 

tests, ferent safety regulations have since a long time used 

The circle (see Figure 1) is closed and the new car is impacts against fixed barriers as their test procedures. Of 

ready for the actual traffic environment. The Volvo course these test procedures are very simple simulations 

156 



SECTION 5: TECHNICAL SESSIONS 

of actual accidents and must be combined with careful Vehicle Related Criteria 
analysis by experienced test engineers as well as by ac- 

cident investigators. To limit development cost it was Vehicle criteria were also set up, such as FMVSS 212 
.... nevertheless decided to use these procedures (impact Windshield Retention, FMVSS 219 Windshield Zone In- 

against a fixed barrier 0°, -+ 30°) as the main laboratory trusion, and FMVSS 301 Fuel System Integrity. 
tests as they must be used in the certification phase. It 
was decided to test at 35 mph. ENGINEERING METHODOLOGY 

............ Test Dummies 
System and Subsystem Requirements 

............ Having the functional requirements on the complete 
What type of dummies to use was the next decision to car was not enough. The draftsman at the drawing table 

be taken. During the development of the Volvo 240/260 cannot design for example a front side member only 
most of the tests were made with the Part 572 (50 per- knowing that certain injury criteria in a dummy should 
centile) male dummy. From our own experiences (ref 4) be below a specified level. The car must be divided into 
as well as others (ref 5) it is obvious that the total meas- various main systems and the main systems into various 
urement chain with a dummy as "sensor" is a very com- subsystems. For the frontal collision two main systems 
plicated one and large variations in test results are to be are body structure system and interior system (Figure 3). 
expected. Careful analysis of test signals together with The body structure system covers the "body in white" 
studies of the behaviour of the dummy during the test and driveline and the interior system covers all the interior 
must be used to overcome the shortcomings of the such as instrument panel, steering wheel, seats and safety 
dummy. As no other well documented dummies were belts. 
available the Part 572 dummy was chosen. By using mathematical modelling technique, structural 

mass/spring models, finite element calculations as well 
as different models of occupant simulations, the complete 

Injury Criteria car functional requirements were broken down into re- 

The conventional measurements to be taken in the dum- quirements for the two main systems. 

mies are head and chest acceleration and femur forces. 
From these readings special injury criteria such as HIC, Body Structure System 
SI, Max Chest acceleration etc. can be derived. 

In spite of heavy criticism the criteria stipulated in The body structure system was specified for example 

FMVSS 208, namely HIC, peak chest acceleration (3 ms) by body deceleration curves for 0° and 30* barrier tests, 

and maximum femur forces, are frequently used. intrusion limits for different parts of the body such as 

The protection levels of these criteria, HIC 1000, 60 g floor pan, instrument panel and steering wheel intrusion 

and 2250 lbf (10 kN) respectively have also been ques- and vertical movement. These requirements formed an 

tioned, in particular the level of the HIC value. Patrick 
et al. (ref 6) suggested in 1974 that HIC of 3000 was 
below the acceptable limit and Walfish et al. (ref 7) rec- 
ommends a tolerance limit of 1500. 

To have consistency with all our previous experimental 
work it was nevertheless decided to use HIC 1000, chest                            I 
acceleration 60 g and femur force 10 kN as protection 
levels. 

During later years the problem of detecting subma- 
fining or penetration of lap belt into the abdomen has 
been focused. Our experience is that an optimal restraint 
system is heavily depending on the performance of the 
seat. One way to evaluate this performance is to measure 
submarining or submarininglike behaviour. Even if sub- 
mafining is not a great problem in real life the benefits 
of a good support from the seat cushion in experimental 
work have been documented by several authors (refs 8- 

Transducers on the iliac crest were therefore used in 
combination with high speed film analysis to evaluate the Figure 3. Body structure and interior system engineering 
performance of the belt system, methodology. 
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input to the body engineers for a further procedure broken systems are done in which performance, weight and cost 

down into subsystem requirements, are optimized. During the complete car evaluation phase 

These systems and subsystems requirements were then tryout and preproduction cars are tested with specified 
controlled with test techniques such as component testing, test methods and controlled against specified criteria. A 
subsystem testing, "body tests" and prototype tests, The few extra loops back to the structure and interior systems 

"body test" is a technique used during early stages of may be necessary. 

developrnent when no prototypes are available. By taking The number of complete cars crashed during the de- 

an existing car body and replacing specific parts in front velopment of the Volvo 760 have been 50 and added to 

of the A-pillar with prototype body concepts early test that around 70 body and component tests and 150 sled 

results such as force/deflection curves can be obtained, tests. 
Our experiences from these body tests are that they are 
very useful both when different body concepts are to be Crashworthiness Design Review Meeting 
evaluated as well as during the process of optimization The safety characteristics influence more or less all the 
between the structure design and material selection (ref systems and subsystems in the car and consequently all 
11). departments in the organization have to be involved. 

Therefore a special steering committee meeting "Crash- 

Interior System 
worthiness Design Review Meeting" was formed to con- 
trol the implementation of the Volvo Safety Engineering 

For the interior system the barrier test requirements Philosophy into the design process. 
are broken down to a sled test deceleration curve (the The responsibility to chair these meetings was given to 
same as the body deceleration curve) and intrusion limits the Crashworthiness Functional Analyst. The Functional 
t’or body and interior parts such as the instrument panel Analyst is a person in the organization responsible for 
and the steering wheel, converting the crashworthiness characteristics set by the 

These requirements are the inputs to the interior en- Product Planning Department into Functional Require- 
gineefing process which uses a HYGE crash simulation ments of the complete vehicle. 
sled as an evaluation tool. From our early experiences of In the case of crashworthiness the Functional Analyst 
the use of the HYGE sled a good correlation between is also responsible for the Volvo Automotive Safety Test 
barrier tests and their simulations on the sled can be Centre including Volvo Traffic Accident Research which 
achieved at test speeds up to 30 mph (ref 12). Testing at ensures that neither test result nor actual traffic accident 
higher velocities has however shown the need of further results are neglected during the development process. 
development of the simulation technique. Due to the The meetings have taken place every month and par- 
higher test speed the body deceleration characteristics also ticipants have been all of the managers in the line orga- 
in the vertical direction (pitch) and dynamic intrusions nization including representatives for Engine and 
of body and interior panel including the steering wheel Transmission Engineering, heads of different safety test 
play an important role for the results in the dummies, departments, traffic accident experts and also represen- 
Different techniques are used (max intrusion, intrusion tatives from Legal Requirement and Product Liability 
at contact between dummy and interior, pitch simula- department. 
tions) but still much development has to be done to get The Crashworthiness Design Review Meeting was 
an optimal simulation at speeds higher than 30 mph. In proven to be a very effective way to follow and control 
the meantime careful evaluation of test results from sled the development of the car safety characteristics during 
tests and a detailed comparison with results from barrier all stages of development. Optimization problems between 
tests must be done during the development process. The different engineering areas have been possible to solve at 
importance of not being lost in these highly simplified the earliest possible time in the project. 
simulations of actual traffic accident is obvious. For that 
reason our traffic accident analysis experts are involved ENGINEERING LIMITS 
also in the test evaluation process to ensure that not only 
good test results but also good performance in accidents The various national and international requirements on 

will be achieved, safety characteristics are usually expressed as a maximum 

During both the structure and the interior engineering limit that no cars are allowed to exceed. 

process mathematical calculations are used to back up This implies that the average performance of the man- 

the engineering and test work. Mathematical calculations ufactured cars must be engineered with a margin to the 

have proven to be very helpful in concept evaluations and limits. 

parameter optimizations. The margin must include allowance for a number of 

The body structure and interior systems are developed factors. Some of these are 
in parallel during the early phases of a complete car --uncertainty in the parameters that are used by the 
project (see Figure 2). Several loops between the two engineer in his work 
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--inaccuracies in the measurement techniques and data 
evaluation in the crash test 

--unrepeatability of nominally identical crash test ex- 
ecutions 

--difference between prototype cars and production 

cars                                                                      
~ 

--difficulties in making statistical inference from a 
small number of laboratory tests 

Note that a single test outcome above the limit does 
not imply that the actual car value is outside the limit. 
It might equally well have been random fluctuations in Figure 4. Structure design concept 760. 
the laboratory test procedures that have given this result. 

A thorough treatment of the statistical consequences 
of some of these factors is given by Versace (ref 13). He To optimize the stiffness and weight relationship, mem- 
has illustrated how the engineering limit can be related ber design, sectional properties, welded joints and other 
to the regulatory limit, by paying attention to all the above joints have, for the monocoque body, been carefully cal- 
factors, culated, analyzed and compared with experiences gained 

As input during the early stages of a new car project from previous designs (Figure 4). 
experience data from crash tests of previous models, data The front side members (Figure 5) are designed as 
from the accident research and predictions on future tech- closed sections and from the front and backwards they 
nologies are used. If there is a larger technological step, form a continuously increasing cross section. The side 

..... say for instance a proposed change from belt restraints members run under the floor with an outward angle and 
to airbag systems, due respect must be paid to the un- are connected to the doorsills with a cross member in 
certainty concerning the behaviour of the new system, order to distribute forces. 
Based upon this, requirements are formulated which re- The front wheel housing and the suspension strut form 
quire the first tests with the prototype to exhibit values together with the side member an integrated structure 
well below a limit. As the development continues and the welded to the compartment. 
test data accumulates for the new concept, the confidence The system is able to effectively absorb the kinetic 
increases in the soundness of the new product. This in- energy in a frontal crash. The side members are at the 
creased confidence makes it possible to revise the require- front provided with "trigger swages" to initiate and con- 
ments so that the average performance is closer to the trol the buckling during deformation. 
requirement than first permitted, even while the risk of The aim has been to construct a body which, despite 

.... having one car exceeding the limit is kept low. a large body area, weighs less than its predecessor. High 
It must be noted here that the requirement during strength steel (HSLA) has therefore been used in the front 

development work is not, as some technicians may think, section of the front side members and sheet metal thick- 
a more severe requirement than the requirement on the ness has in different parts of the body been varied in order 
production cars. It is only an augmented and reformulated to optimize strength and weight. 
requirement on the engineers’ work that must be achieved 
in order to get just the performance of the final car that 

the customers expect and the regulations require (ref 14). Interior 
The interior restraint systems are engineered not only 

TECH NICAL SOLUTIONS to meet the overall safety requirements but also to improve 
the systems performance in the following areas: belt corn- 

The overall dimension and weight requirements for the fort, webbing guidance to eliminate problems with pi- 

760 car were as such a challenge. The length from bumper 
to A-pillar was to be decreased some 10 cm as compared 
with the 240/260 car. The kerb weight should also be 
lowered some 50 kg. As a high crash performance was 
to be designed into the 760 car these goals demanded a 
thorough optimization between structure and interior en- 
gineering, 

Structure 
The 760 concept is a front engine, rear wheel drive, 

five-seat passenger car. Figure 5. Front member system: 
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voting webbing guides, seat cushion yieldinguess for front inclined webbing guide as described above. The floor un- 

and rear seats optimizing the balance of the forces acting der the seat cushion has a special ridge which prevents 

on the restrained occupant in a crash, excessive vertical movement and submarining during a 

For the front seats a three-point manual belt with lower crash. This design was built on the experience from the 

anchorage points in the seat frame was chosen. The system Volvo Concept Car (ref 12). 

incorporates one reel and webbing guide fully covered All belt geometries have within the limits of existing 

behind a panel. The webbing guide in the B-pillar is regulations been elaborated to give good protection and 

inclined "aligned" and bolted to the pillar hereby giving comfort for occupants spanning from 5th female to 95th 

consistent performance in crash testing, male percentile. 

The lower belt anchorages are located in the seat struc- 
ture giving constant belt geometry of the lap belt inde- TEST RESULTS 
pendent of the seat position. The dynamic forces in a 
crash are transmitted through the rails which are engi- During the complete development procedure (see Fig- 
neered to withstand this extra loading. ure 2) a lot of testing was done at component, subsystem, 

The seat structure shown in Figure 6 has a special tube 
under the frontal part of the cushion which limits the 

system and complete car level. 

vertical movement of the occupant during a crash. 
At the end of the development it was decided to run 

To minimize steering wheel intrusion during a crash 
three identical frontal barrier tests at 35 mph. The number 

the system has at two locations a collapsible shaft, one 
of tests was chosen as a compromise between cost and 

for bending rnoments and one for axial loadings, in tom- 
the need to cover the repeatability and reproducibility 

bination with a, for rearward forces, strong mounting of 
problem. These three tests were run at MIRA (Motor 
Industry Research Association, England). They are iden- 

the upper shaft bearing, tiffed by the numbers 227-229 in the following result 
Forces generated by chest impacts of unbelted occu- 

pants in a crash will be absorbed at a tolerable force level 
presentation. 

For comparison two previous tests done at the Volvo 
by deforming the steering wheel and the bracket for the crash test laboratory are presented. The Volvo tests are 
upper shaft bearing, 

taken from some early test series and the cars are pro- 
The steering wheel with its four spokes, padded rim totypes not completely identical with the MIRA cars. 

and hub is designed to mitigate head and face injuries on 
The test numbers are 225 and 226. The test results are 

belted occupants in case of contact with the steering wheel shown to illustrate the variation in test results during 
during a crash, 

development. 
The primary goal has been to keep the instrument panel 

away from the belted occupant during a crash. This has 
put special demands on the fire-wall and scuttle area as TEST PROCEDURES 
well as the attachments of the instrument panel. 

At the same time efforts have been made to design an The tests were run according to the test procedure 
instrument panel without protruding parts, projecting a specified in FMVSS 208. Both MIRA and Volvo crash 
"clean" surface towards the occupant, test laboratories have a long experience with this test 

Sheet metal structure and padding characteristics have procedure and fullffll all instrument requirements includ- 
been combined to give tolerable forces if, in spite of all, ing a well organized dummy calibration procedure. The 
a head contact would occur, main difference between the two laboratories is the pro- 

The three-point belt in the rear seat has the same fixed, pulsion system used. MIRA uses an electrical linear motor 
directly connected to the car and Volvo uses a tyristor 
controlled electrical rotational motor and an endless wire 
connected to the car. 

The test cars were Volvo 760 GLE with automatic 
transmission (see Figure 7). 

Test weight was as specified in FMVSS 208 (unloaded 
vehicle weight plus its rated cargo and luggage capacity 
weight plus two Part 572 dummies) which for the Volvo 
760 means 1630 kg (3590 lb). 

A total of 50 signals cover both the dummies and 
different car related measurements as well as a segmented 
force measuring barrier. The tests were covered by eight 
high speed cameras. 

The dummies were calibrated before every single test. 

Figure 6. The interior design concept in the Volvo 760. Table 1 shows some test parameters. 
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Structure Related Test Fqesults 

A typical body deceleration pulse is shown in Figure 

8. 
A typical force/deflection curve is shown in Figure 9. 

The following structure related regulations were 

checked: FMVSS 212 Windshield Retention, FMVSS 219 
Windshield Zone Intrusion and FMVSS 301 Fuel System 

Integrity. 

Table 2 shows results of the test. 

Figure 7. The Volvo 760 GLE. 

~ i ............. / ................................ ~ ..... 

Figure 9. Dynamic Force/Deflection Curve during 35 mph 

Figure 8. Body deceleration pulse, barrier test. 

Table 1. Test parameters. 

MIRA MIRA MIRA Mean Volvo Volvo 
227 228 229 Value SD"~ 225 226 

Test Weight 
kg 1630 1630 1630 1630 0.0 1630 1630 

Test Speed 
mph 35.3 35.3 35.2 35.27 0.006 35.2 35.4 

Test Temp 
°C 22.0 22.0 22.0 22.0 0.0 19 20 

"> SD = standard deviation defined as SD =    ’ - 1 

Table 2. FMVSS 212, 219 and 301 test results. 

MIRA MIRA MIRA Volvo Volvo 

Regulation 227 228 229 225 226 

FMVSS 212 
% Retention 100 100 100 100 100 

FMVSS 219 
Penetration OK OK OK OK OK 

FMVSS 301 
Leakage .clram 0 0 0 0 0 
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Interior Related Test Results Seat Belt Loads 
The occupant crash protection was evaluated by meas- Seat belt loads in the lap belt and shoulder belt were 

uring dummy signals as required in FMVSS 208. also measured and are listed in Table 6. 

Chest Injury Criteria 30° Barrier Test Results 
In Table 3 two chest injury criteria are shown.--Re- Two tests were also done to evaluate the 30° barrier 

suttant chest acceleration duration longer than 3 ms, gains performance. One test 30* right--first contact passenger 

and Chest Severity Index, CSI, (weighted time integral side and one test 30* left--first contact driver side and 

of chest resultant during crash), both tests at a velocity of 35 mph. 

Requirements in FMVSS 212 Windshield Retention, 

FMVSS 219 Windshield Zone Intrusion and FMVSS 301 Head Injury’ Criteria 
Fuel System Integrity were all met. 

Table 4 shows the Head Injury Criteria calculated as Dummy test results as for FMVSS 208 can be seen in 
defined in FMVSS 208 (HIC) and also the same calcu- Table 7. 
lation but during head contact (HICc). 

Femur Injury Criteria CONCLUSIONS 

In Table 5 femur injury criteria as defined in FMVSS This work has demonstrated that by integrating the 

208 are presented, desired safety properties from the very beginning of a new 

Table 3. Dummy results--Chest injury criteria. 

Chest Injury MIRA MIRA MIRA Mean Volvo Volvo 
Criteda 227 228 229 Value SD 225 226 

Ddver 
g~m, 46.4 50.0 47.0 47.8 1.9 54.0 49.2 
CSI 370 427 417 405 30 455 428 

Passenger 
g~m~ 41.6 45.0 45.0 43.9 2.0 45.8 41.4 
CSt 283 311 323 306 21 345 372 

Table 4. Dummy results--Head injury criteria. 

Head t~ury                     MIRA    MIRA    MIRA    Mean             Volvo    Volvo 
Criteda                          227      228      229     Value      SD      225      226 

Ddver 
HtC                                 945       697       820       821        124        898       825 

HICo                            645      676      820      714       93       898      825 

Passenger 
HIC                                 729       890       990       870       132       1030      1290 

HIC~                                      27        209         87        108         93         349        686 

Table 5. Dummy results--Femur injury criteria. 

Femur MIRA MIRA MIRA Mean Volvo Volvo 
Force kN 227 228 229 Value SD 225 226 

Driver 
FL (Left) 4.96 4.74 4.24 4.65 0.37 5.8 4.4 

FR (Right) 0.6! 1.76 1.07 1.15 0.58 2.0 1.3 

Passenger 
FL (Left) 3.91 5.52 3.36 4.26 1.12 3.6 3.1 
FR (Right) 1.31 2.98 0.87 1.72 1.11 1.0 2.3 
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Computer Modeling of Occupant Dynamics in Very 
Severe Frontal Crashes 

......... SHERMAN Eo HENSON passenger compartment gets pushed closer to the occu- 

Ford Motor Company pant. The effect of this passenger compartment defor- 
mation on the loads imposed on the occupant in severe 
crashes is not very well understood. Computer simula- 

ABSTRACT tions of occupant dynamics in frontal crashes have usually 
been done like sled tests, in that crash-induced defor- 

Computer simulations of occupant dynamics in frontal mation of the interior--which may be significant for the 
crashes have pretty much been done like sled tests, in occupant--has not been accounted for. The object of such 
that crash-induced deformation of the interior--which simulation studies is often to assess the effect of changes 
may be significant for the occupant--has usually not been in vehicle front-end parameters on occupant response. 
accounted for. The object of occupant dynamics simu- But these parameter variations may influence the amount 
lation studies is often to assess the effect of changes in of interior deformation. In order to simulate more ac- 
vehicle front-end parameters on occupant response. But curately occupant dynamics in very severe crashes, in- 
these parameter variations may influence the amount of terior deformation caused by engine intrusion should 
interior deformation. In order to simulate more accurately concurrently be simulated. 
occupant dynamics in very severe crashes, the interior In the study reported here, results of high speed barrier 
deformation caused by engine intrusion should concur- crash tests run by NHTSA were used to estimate occupant 
rently be simulated. Crash test results over a range of compartment intrusion as a function of time for input to 
speeds were used in a computer simulation study of oc- a computer simulation model of occupant dynamics. Sim- 
cupant compartment intrusion in high speed barrier crash ulations were run both with and without intrusion to 
tests. It was found that intrusion has a significant effect study the effect of intrusion isolated from other crash 
on occupant response and where appropriate should be variables. 
included in crash simulations. For the crash conditions 
simulated, intrusion increased the restrained occupant’s 
head and chest accelerations while no clear trend emerged METHODOLOGY 

for the unrestrained occupant. The study utilized a computer model called MVMA- 
2D that was developed by the University of Michigan 

I NTRO D U CTI ON Highway Safety Research Institute with funding from the 
Motor Vehicle Manufacturers Association. The model is 

This paper describes the use of a computer model to a lumped mass multi-degree-of-freedom dynamics model 

simulate dummy dynamics in very severe frontal car which represents an occupant, his restraint system, and 

crashes----crashes that are similar to running a car into a the vehicle interior, as shown in Figure 3. The windshield, 

wall at speeds ranging from 35 to 50 mph. Figures 1 and steering column, instrument panel, and floor pan are rep- 

2 are photographs of vehicles which were in real accidents resented by line segments. In order to simulate the effects 

of approximately the range of severity of the simulations of occupant compartment intrusion, the movement of 

discussed in this paper. These high speed crashes tend to these components as a function of time relative to the 

use up all of the energy-absorbing capability built into occupant’s seating position was needed as an input to the 

the front structure of the car and so the front of the model. 

Figure 1. Actual severe crash. Figure 2. Actual severe crash. 
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Table 6. Dummy results--seat belt loads. 

Belt load MIRA MIRA MIRA Mean Volvo Volvo 

kN 227 228 229 Value SD 225 226 

Ddver 
Lap 6.3 7.9 7.5 7.2 0.8 7.0 6.1 

Shoulder 7.4 8.2 7.5 7.7 0.4 5.2 7.7 

Passenger 
Lap 7.3 7.0 7.9 7.4 0.5 7.4 7.5 

Shoulder 7.6 6.8 6.7 7.0 0.5 7.8 7.7 

Table 7. Dummy results--30° barrier. 

Test Parameters 

¯ Velocity: 36.5 mph Right; 36.2 mph Left Wei£1ht: 1630 k£1. 

30° Right/MIRA                 30° Left/MIRA 

Driver        Passenger        Driver        Passenger 

Chest g3m, 35.0 31.0 47.0 44.0 
CSt 216 227 388 315 
HIC 418 517 762 570 

HICo 285 258 361 73 

Femur Forces 3.2 1.4 

FL kN 1.4 2.8 
FR kN 2.8 2.4 2.6 0.8 

Belt Loads 4.2 8.9 
Lap kN 5.9 2.2 
Shoulder kN 6.9 5.1 6.8 7.6 

car project and by continuously following up the engi- point Harness Accident and Laboratory Data Com- 
neering process it is possible to achieve an increased level parison. 18th STAPP Car Crash Conference 1974. 
of safety. 7. G. Walfisch et al. Human Head Tolerance to Impact: 

It has pointed out the inherent complexity of crash Influence of the Jerk on the Occurrence of Brain 
testing and the need to use statistical methods in order Injuries. IRCOBI 1981. 
to make qualified judgments during a car development 8. L. G. Svensson. Means for Effective Improvement of 
process, the Three-Point Seat Belt in Frontal Crashes. 22th 

Emphasis has also been placed on the necessity to use STAPP Car Crash Conference 1978. 
experience from field accidents in order to complement 9. D. Adomeit, H. Appel. Influence of Seat Design on 
the laboratory simulation, the Kinematics and Loadings of the Belted Dummy. 

IRCOBI 1979. 
10. B. Lundell et al. Safety Performance of a Rear Seat 

Belt System with Optimized Seat Cushion Design. 

1. H. Norin et al. Injury reducing effect of seat belts on SAE Passenger Car Meeting 1981, SAE 810796. 
rear seat passengers. ESV-Conference Wolfsburg 11. S. Runberger. Dynamic Test Method for Crash Test- 

1980. ing of Front Structures. To be presented at Open 

2. Fatal Accident Reporting System 1979. United States University, Milton Keynes UK November 1982. 
Department of Transportation. 12. H. Mellander, M. Koch. Restraint System Evalua- 

3. N. J. Bohlin. Refinements of Restraint System De- tion A Comparison Between Barrier Crash Tests, 
sign A Primary Contribution to Seat Belt Effec- Sled Tests and Computer Simulation. SAE Passenger 
tiveness in Sweden. International Symposium on Car Meeting 1978. SAE 780605. 
Occupant Restraint. Toronto June 1981. 13. J. Versace. Safety Test Performance Level. 6th Ex- 

4. G. O’Connel, R. Almqvist. A Survey Concerning the perimental Safety Vehicle Conference. Washington 
Quality of Part 572 Hybrid II Dummies as measuring DC 1976. 
instrnments for crash testing. SAE 770263. 14. M. Koch, A. Nilsson-Ehle. Setting Realistic Design 

5. V. Seiffert, I-I. Leyer. Dynamic Dummy Behaviour Limits in Vehicle Safety Development. To be pre- 
under Different Temperature Influence. SAE 760804. sented at the 1983 SAE International Congress and 

6. L. M. Patrick, A. Andersson, N. J. Bohlin. Three- Exposition, Detroit February/March 1983. 
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Figure 4. Average dynamic engine intrusion vs. time. Figure 6. Driver side interior deformation. 
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Figure 7. Model validation at 35 mph, 

windshield is not deformed at 35 mph. The steering wheel ulation of the event. The following section describes the 

position shown is the expected position without occupant model validation. 

loading. Figures 5 and 6 show the maximum deformation 

of the components, but for input into the model, the 

positions as a function of time for not only these com- VALIDATION 
portents but the floor pan and toe board were required. 

To get the component positions as a function of time, Figure 7 shows a comparison of the dummy head and 

functional relationships for the movement of all of these chest acceleration as a function of time for a driver and 

components were derived from the test results and the right front passenger in a 35 mph barrier crash. The solid 

functions were inputted into the model as tables of surface lines are the test values from the Chevrolet Citation tests 

displacement as a function of time. and the dashed lines are the simulation results. The results 

The MVMA-2D model was set up to represent a 50th of the simulations compare reasonably to the test results 

percentile male in a Citation package. The belt-restrained especially when the large test-to-test variability of barrier 

occupant is shown in Figure 3, but an unrestrained oc- crashes is considered. The same comparison at 40 mph 

cupant was also simulated. Exercising these models is a is shown in Figure 8. The match again is reasonable except 

very complex and time-consuming procedure, since that, as in Figure 7, the peak head g’s in the simulation 

hundreds of input variables are required to describe the occur somewhat later than in the test. The comparison 

occupant and vehicle interior. For each of the panels that at 48 mph in Figure 9 again shows that the simulation 

can be contacted by the occupant such as the windshield, peaks occur later than the test. 

instrument panel, and seat, force-deflection characteris- Although there is room for improvement in the sire- 

tics are inputted into the model in either tabular or poly- ulation, overall, the results were considered acceptable 

nomial format. Belt restraint material properties have to for the present study. Matching peak accelerations over 

be inputted as well as the acceleration-time pulse of the the wide range of crash severity represented here proved 

occupant compartment, Once all the input data were ga.th- to be more difficult than tuning a model to a single, less 

ered and put into the computer correctly, several runs severe crash. The model predictions could not be com- 
were made and the results were compared to those of the pared to test results for the unrestrained occupant because 

Citation tests to see if the model was a reasonable sim- a comparable set of tests has not been run. 
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Figure 8. Model validation at 40 mph, 
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Figure 9. Model validation at 48 mph. 
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Figure l& Intrusion effects on restrained passenger. Figure 12. Intrusion effects on restrained driver. 

PRELIMINARY RESULTS It can be seen in the upper figures, the ones where in- 

trusion was simulated, that the occupant strikes the in- 

Once the model was validated, computer runs were strument panel more forcefully as the crash speed is 

made to explore the effect of intrusion on dummy dy- increased because the instrument panel and floor pan are 

namics. This was done by simply repeating the simula- moving closer to him. It was shown in Figure 4 that 

tions of the Citation barrier crash tests at the three speeds maximum engine intrusion occurs at about the same time, 

without the occupant compartment deformation. Figure 100 ms. In the lower set of figures, the case with no 

10 shows the maximum head acceleration of the restrained intrusion, the occupant moves nearly the same distance 

right front dummy for the three crash speeds with intru- forward even as speed increases and never hits the in- 

sion and with no intrusion. The dots on the graph are strument panel because the panel remains in the same 

the values from the Citation tests. It is apparent that relative position. 

eliminating the intrusion for the restrained occupant has The peak head and chest accelerations for the restrained 

little effect at 35 mph where the intrusion is small, but driver are shown in Figure 12. As in the case of the 

the effect increases with speed and the head acceleration restrained passenger, head and chest accelerations are 

is much larger at 48 mph~ Without intrusion, the dummy lower when there is no intrusion. The apparent decrease 

responses are nearly constant as speed increases. The in head acceleration is an artifact due to the 3 ms cut- 

constant response occurs because at these large values of off; the absolute peak acceleration actually increases 

structural crush, the crush resistance is nearly constant slightly with speed. 

and so the vehicle average deceleration is nearly constant The restrained driver position at 100 ms is shown in 

over the range from 35 to 48 mph. Figure 13 for the simulations with intrusion and with no 

Figure 11 shows the occupant kinematics for the same intrusion. It is again apparent from the figures that the 

simulations as Figure 10. The upper set shows the oc- occupant loads the intruding components more forcefully 

cupant position at about the time of maximum forward when there is intrusion, resulting in higher head and chest 

movement, which is about 100 ms, for the three crash accelerations. 

speeds when intrusion was included in the simulations. While eliminating intrusion appears to be an attractive 

35 MPH 40 MPH 48 MPH 35 MPH 40 MPH 48 MPH 

INTRUSION INTRUSION 

Figure 11. Intrusion effects on restrained passenger at 100     Figure 13. Intrusion effects on restrained driver at 100 mil- 
milliseconds,                                        liseconds. 
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Figure 16. Intrusion effects on unrestrained driver. 
Figure 14. Intrusion effects on unrestrained passenger. 

way to reduce occupant loads for both driver and pas- impact speeds because the windshield is moving closer to 
senger, it is difficult in practice. In order to eliminate the occupant. 
intrusion in these very severe crashes, the front structure Figure 15 shows the kinematics for the unrestrained 
would have to be made either very stiff, or the front of occupant. Notice that the occupant kinematics confirm 
the car would have to be made very long. If the structure the conclusion drawn from Figure 14, that there is very 

............. were stiffened, the vehicle acceleration would increase and little difference in the unrestrained occupant response 
the occupant in the bottom set of pictures in Figures 11 whether or not there is intrusion. The final occupant 
and 13 would move farther forward and probably strike position in the simulations with intrusion shown in the 
the instrument panel like the occupant in the upper pie- upper figures looks almost like the bottom row of figures 
tures where intrusion is included. Increasing the length, where no intrusion was included. 
on the other hand, of the front of the car by the large The head and chest acceleration results for the unres- 

........ amount necessary to eliminate intrusion in these very trained driver are shown in Figure !6. Head acceleration 
severe collisions would be impractical, is somewhat lower for the case with no intrusion, but is 

Figure 14 is similar to Figure 10 except the results are quite high in both cases. There is little difference in chest 
for the unrestrained passenger. The unrestrained model acceleration for intrusion compared to no intrusion except 
is identical to the validated restrained model except the in the extremely severe 48 mph collision where the sire- 
belts were removed. There is no clear difference between ulated steering column bottoms out. The validity of the 
the simulations with intrusion and those with no intrusion simulation in this region is not known since test results 
either for head or chest accelerations. There is an inter- for unrestrained occupants were not available. The high 
esting effect, however, for the head acceleration in the chest acceleration is determined by the assumed force- 
case of intrusion. The head acceleration decreases some- deflection characteristic of the steering system in the re- 
what as the crash speed increases. This is probably due gion beyond the normal collapse zone. Because force- 
to an effect known as ride-down, where the relative speed deflection characteristics for the steering column were not 
that the head contacts the windshield decreases at higher available under these severe conditions, the simulation 

INTRUSION INTRUSION 

35 MPH 40 MPH 48 MPH 35 MPH 40 MPH 48 MPH 

NO NO 
INTRUSION INTRUSION 

Figure 15. Intrusion effects on unrestrained passenger at     Figure 17. Intrusion effects on unrestrained driver at 100 
100 milliseconds,                                    milliseconds. 
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results could be considerably in error. The kinematics of the program which created the computer graphics of the 

the unrestrained driver are shown in Figure 17. MVMA-2D occupant. Assistance and consultation by 
other MVMA-2D users at Ford is gratefully acknowl- 

DISCUSSION AND CONCLUSIONS          edged. 

The results of the computer simulation study indicate REFERENCES 
that simulations, whether by mathematical model or by 
impact sled, of severe collisions should take intrusion into 
account. Including intrasion is most important for the 1. Bowman, B. M., Bennett, R. O., and Robbins, D. H., 
restrained occupant where intrusion may make the dif- "MVMA Two-Dimensional Crash Victim Simulation, 
ference between contacting or not contacting the instru- Version 4," Volume 1 (UM-HSRI-79-5-1)and Volume 
ment pane! or windshield, or where intrusion may have 2 (UM-HSRI-79-5-2), Highway Safety Research In- 
a large influence on the force generated by the contact, stitute, The University of Michigan, June 29, 1979, 

In all the restrained occupant simulations, the effect of 2. Bowman, B. M., Bennett, R. O., Robbins, D. H., and 
intrusion was to increase occupant acceleration. The effect Becker, J. M., "MVMA Two-Dimensional Crash Vic- 
of intrusion on the unrestrained dummy was not as clear tim Simulation, Version 4," Volume 3 (UM-HSRI-79- 
as for the restrained dummy. In some cases intrusion 5-3), Highway Safety Research Institute, The Univer- 

reduced accelerations while in other simulations, accel- sity of Michigan, June 29, 1979. 
erations were increased by intrusion. 3. Levan, W. E., and Alianello, D. A., "New Car As- 

The results of the simulations discussed above should sessment and Standards Enforcement lndicant Test- 

not be generalized and applied to all accidents. Only a ing--FMVSS Nos. 212, 219, and 301-75, General 

small fraction of frontal collisions were simulated in this Motors Corporation 1980 Chevrolet Citation 5-Door 

study. Offset and angular collisions with other size oc- Hatchback, NHTSA 308-T1-430," Report No. 6525- 

cupants could produce different results. Also, while it is V-l, (39.93 Mph), Calspan Corporation, Buffalo, N.Y., 
easy to eliminate intrusion in mathematical models, it is June 6, 1979. 
not so simple in practice. Using today’s technology, major 4. Levan, W. E., and Alianello, D. A., "New Car As- 
structural changes would be required (particularly for the sessment and Standards Enforcement lndicant Test- 
higher speed crashes) which, even if possible, would ing--FMVSS Nos. 212, 219, and 301-75, General 

greatly increase weight, cost, and fuel consumption and Motors Corporation 1980 Chevrolet Citation 5-Door 
could adversely affect the safety of vehicles now on the Hatchback, NHTSA 308-T2-431," Report No. 6525- 

road through increased aggressiveness in car-to-car col- V-2, (48.0 Mph), Calspan Corporation, Buffalo, N.Y., 
lisions. A major challenge for the future is to determine June 7, 1979. 
through systems analysis tradeoff studies, the optimal 5. Levan, W. E., and Alianello, D. A., "New Car As- 
balance of vehicle structure characteristics, sessment and Standards Enforcement lndicant Test- 

ing--FMVSS Nos. 212, 219, and 301-75, General 
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Possible Future Trends Towards Increasing Occupant Protection in 
Frontal Impacts 

G. JONES towards establishing maximum protection in this mode 

Austin Rover Group Ltd. of impact. 
In the ESV program we have seen developments aimed 

at making larger heavier cars more accommodating to 
the smaller lightweight cars in collision situations. We 
have also seen that there are big problems in reducing 

Over the past decade or so of ESV/RSV activity it has the aggressiveness of the larger heavier vehicles. 

been a priority to improve occupant protection in frontal Future developments, particularly for lightweight cars, 

impacts and there is evidently a need to continue research may therefore have to be based on the assumption that 
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it is not always possible to achieve the ideal of little or One of the conclusions in a TRRL report by Hobbs 
no intrusion matched to a restraint system which ideally (1) was that a seat belt wearing rate of 100% would give 

attenuates the vehicle deceleration, an estimated further saving of over 12,000 fatal and se- 
....... In these circumstances there appears to be considerable rious casualties per year. If only 85% wearing rate were 

........ merit in the concept that the occupant be held much more achieved, which is a more realistic figure, the potential 
rigidly in the seating position by seat belts considerably further saving would be 9,000. An estimate by the Uni- 

stiffer than those currently used. versity of Birmingham Accident Research Unit, based on 
Recent tests using a typical 30 mph barrier crash pulse detailed studies of fatal accidents (2) suggests that in the 

show that reduced injury levels and much reduced for’ United Kingdom about 800 people each year die need- 
........... ward displacement to avoid or reduce the effects of see- lessly in their cars simply because they do not use the 

..... ondary impact, are obtained when adopting this concept, seat belts available to them. These people represent 12% 

With a more severe pulse the latter advantages are of all road accident fatalities, because car occupant fa- 

retained and injury levels, though higher, are still below talities comprise only about one-third of the total road 

accepted tolerable levels, deaths. 

Bearing in mind the fact that a high proportion of Note that the overall average seat belt wearing rate in 

frontal impacts are assymetric, producing relatively lower Britain during the period covered by these statements has 

deceleration values but with more intrusion, the overall been about 30%. 

trade-off would appear to favour the system with reduced Frontal impacts, even for those wearing seat belts, do 

forward displacement, however present the greatest risk of serious injury though 
this risk is much lower than for those not wearing belts. 

One of the TRRL findings was that where injuries due INTRODUCTION                                to direct seat belt loading occurred they were mainly of 

minor severity. 
This paper concerns an investigation into the possibility 

It was also reported that the head was the most corn- 
of obtaining increased protection from seat belts in frontal monly injured region of the body and, because of the 
impacts. presence of the steering wheel, there were more drivers 

It is well known that belts as currently provided, and with serious injures (AIS3-6) than there were front seat 
when correctly worn, do enable occupants to survive im- 

passengers within the same injury range. 
pacts of much greater severity than would be so if the However, the difference was not statistically significant. 
occupants were unrestrained. However, there is evidently 

Similar general statements on the TRRL findings were 
a need to continue the search for further improvements 

reported by Hobbs in a more recent paper (3). 
in restraint system performance particularly in view of 

In-depth investigations have also been carried out by 
the fact that initiatives towards producing a degree of 

the University of Birmingham Accident Research Unit 
compatibility between large and small vehicles in frontal and findings (4) were similar to those of the TRRL with 
impacts has proved to be much less fruitful than was regard to belted drivers suffering more severe head injuries 
expected at the start of the ESV program, than belted front seat passengers in frontal impacts. 

Accident data show that in some impacts the most 
Using the University of Birmingham data it is calcu- 

serious injuries are as a result of the occupant striking 
lated that for injuries AIS3-6 the difference between driv- 

forward interior components such as the steering wheel 
ers and front seat passengers was not statistically 

or faeia partly because the restraint itself can allow con- 
significant in this study also. When moderate injuries are 

siderable forward displacement and partly because of in- included so that the range is AIS2-6 the difference, as 
trusion. 

These injuries are generally more severe than those 
reported, is statistically significant. 

For drivers, the head and face was the most frequently 
produced by the belts themselves, injured body area, followed by the legs and the chest. For 

The tests described in this paper were therefore carried front seat passengers the head and face was the most 
out to determine the effect of having a restraint system frequently injured body area but its importance was much 
which very much reduced the forward displacement of reduced compared with drivers and the chest was almost 
the occupant, as important followed by the legs. 

As would be expected, head or facial contacts were 

ACCIDENT DATA much more frequent where there was headspace intrusion, 
there being severe head space intrusion in accidents in- 

The most recent data which indicate the general effec- volving under-run and significant intrusion compromising 
tiveness of seat belts in the United Kingdom have been belt performance in partial overlap impact configurations. 

provided by the Transport and Road Research Labora- Although chest injuries were almost as important as 

tory and by the University of Birmingham Accident Re- head and face injuries for front seat passengers, it is noted 

search Unit, that in the absence of intrusion and additional loading 
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from rear seat passengers, or luggage, no occupant sus- Vehicle Program’ (7)--the recommendation being based 
rained a chest injury more severe than AIS3, that is they mainly on reducing occupant mass sensitivity problems 
were non-life-threatening, associated with elastic restraint systems, and concerned 

A later publication by the University of Birmingham with vehicles in which there would be little intrusion. 

Accident Research Unit (5) deals specifically with steering In the context of the present study there are obvious 

wheel induced head injuries amongst drivers restrained advantages when considerable intrusion occurs. 

by seat belts and a paper by Mackay (6) has emphasised 
the fact that injury producing contacts with the steering TEST PROGRAMME 
wheel and other forward components are subjects for 
further investigation in the search for better protection 

To obtain some facts related to this concept a series of 
in frontal impacts, 

tests was carried out on the ’Hyge’ sled at the Motor 
Industry Research Association. These were to compare 

BASIC CONCEPTS AND PRACTICAL the performance of a typical inertia reel belt system with 
a belt system broadly in accordance with the Battelle 
recommendations, i.e., an elongation rate 10 to 20 percent 

One currently popular concept for obtaining increased of current belts under comparable loading. 
occupant protection is to assume that there is little sig- This stiffer belt system consisted of a laminate of four 

nificant intrusion into the passenger compartment and to thicknesses of current webbing for the lap and diagonal 

provide a restraint system which attenuates the vehicle section, and for test purposes it was a static system with 
deceleration to produce minimum forces on the occupant, the shoulder belt terminating the ’B’ post anchorage, to 

Such a concept relies on inelastic deformation of the re- also minimise the effective belt length. 
straint system and use of all available space. We estimate that at comparable loading the elongation 

In cases where intrusion is small it is natural to en- of this system was in the order of 5 to 10 percent of that 
deavour to produce the ideal by allowing the restraint for the inertia reel system. 

system to make full use of the forward displacement avail- 
able before the occupant contacts the facia or steering FIRST TEST SERIES 
wheel, etc. 

However, current safety belt systems are not sufficiently Figure 1 shows the ’Hyge’ pulse used for the initial 
inelastic or in other words the displacement is not suf- 

series of tests, it is similar to the crash signatures from 
ficiently plastic as to produce attenuation. In fact there 

some medium size UK cars subjected to 30 mph barrier 
is usually a degree of magnification as associated with 

tests. 
the performance of a damped elastic system. In this initial series of tests the Part 572 manikin was 

Whilst this may indicate that future developments to- 
installed on the sled in a rigid seat as normally used for 

wards providing a more plastic restraint system defer- 
ECE 16 type seat belt tests. 

marion would be beneficial, field experience shows that 
Comparative forward displacements and injury criteria 

there is little intrusion only in a limited proportion of 
for the Part 572 manikin are shown in Table 1. 

real crash events. 
With standard inertia reel belts the mean maximum 

Therefore good energy absorption qualities need to be 
linked to the practical limitations of available space when 

forward displacement of the head was 460 mm and with 
the stiff belts the figure was 300 mm. 

intrusion occurs. The mean chest ’g’ value exceeded for a cumulative 
An alternative concept, based on acceptance of the fact 

that considerable intrusion does occur in a proportion of 
the more severe frontal impacts, is to restrain the occupant 
so that he or she experiences little displacement within 
the passenger compartment and is subject to substantially 40, 
the same deceleration pulse as the vehicle itself, virtually 
all of the energy-absorption being exterior to the occupant ~ ao, ~ 
compartment. 

~ ao, In theory even when there is no intrusion the occupant 
should at least be better off than with an elastic restraint 1o, 

system in that there should be no magnification of de- 
celeration, o 1~ ~ ~ 4~ ,no 6"o 

The Battelle Memorial Institute proposed such a system Tim~-milli,,n~onda 
as a near-term recommendation in their 1970 report ’The 
Evaluation of Phase I Reports on the Experimental Safety Figure 1. ’HYGE’ test pulse-first series of tests. 
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Table 1. Results from part 572 manikin.first series. 

Mean Test Results 

Injury Criteria Standard inertia Special stiff belt 

reel belt            system 

Maximum Forward Displacement 
460 300 

of Head--ram 

Chest *G" Exceeded for Cumulative 
36.2               32.6 

3 milliseconds 

Chast Peak Resultant 
40.0               35.0 

Deceleration "G" 

.... ....... Head Injury 
635 424 

.... Criteria 

Head "G° Exceeded for Cumulative 
55.0          47.0 

3 mi||leeconds 

Head Peak Resultant 
57.6         50.0 

Deceleration "G" 

Figure 3. Shoulder anchorage point positions. 

3 m sec period was 36.2 for the standard inertia reel belt 
system and 32.6 with the stiff belt system. For this further series of tests the shoulder anchorage 

Although many regard measured head injury criteria point was also raised in an endeavour to reduce the torso 
as being of no consequence when there is no contact roll-out which had occurred particularly when standard 
between the head and any vehicle component, it is of inertia reel belts were used in the initial series. The re- 
interest to note that in these tests, in which there were spective anchorage points are shown in Figure 3. 
no components to contact, the mean HIC was 635 with The raised anchorage point still complies with the re- 
the standard belts and 424 with the stiff belt system, quirements of Regulation ECE 14 but the belt fit was 

It will be noted that with the stiff belt system the more suited to the Part 572 manikin and there was no 
maximum forward displacement--that is, at the head-- tendency to roll out. 
is approximately 65 percent of that which occurs with Figure 4 shows comparative forward displacements of 
the standard belt system and at the same time the nu- the manikin. 
merical injury values are less.                              In this case with standard inertia reel belts the maxi- 

A further point noted was the tendency for the torso mum forward displacement of the head was 530 mm and 
of the manikin to roll out of the diagonal section of the with the stiff belts the figure was 310 mm, i.e., less than 
standard inertia reel belts. 60 percent of the amount with standard belts. 

This tendency was less evident with the stiff belts. Table 2 shows forward displacements relative to the 
ECE regulation requirements, this time at chest level. 

SECOND TEST SERIES Head displacement is also shown for comparison. 
Compared with the ECE 16 range of between 100 and 

A further series of tests was carried out using a ’Hyge’ 300 mm, measurements at chest level were 310 and 135 

pulse which lies within the ECE 16 envelope and which mm respectively for standard inertia reel and stiff belt 

is shown in Figure 2. system. 

This series of tests was carried out to determine the 
effect of using a differently shaped pulse, i.e., one having 

a more rapid build-up to peak ’g’. 
As in the initial test series the ECE 16 seat and the 

Part 572 manikin were used. 

, 

0 10 20 30 40 SO 60 70 80 90 100 %~ ’~ 

TIm~malts~aads 

Figure 4. Forward movement of manikin restrained by" emer- 
Figure 2. ’HYGE’ test pulse-second series of tests, gency locking reel belt and by stiff static seat be~t. 
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Table 2. Forward displacement of manikin-second series. CONCLUSIONS 

~ r,t ~    ~,~ The results of the tests indicate that the forward move, 
~cE 16 s-~,~l-~t~ ~,nn~ ment of the occupant in an impact can be significantly 

,~,~t ~n ay,*~- 
reduced by the use of seat belts which at a comparable 

Heed Nor~ 
530 310 

~,~-.~ loading have much less elongation than current reel belt 
ro,,o net-,-_-.,, 310 la5 systems. This is particularly significant in the case of the 
~ tooo ~oo 

driver whose space available for forward movement is 
F~v:~ Between 

1 ’70 95 
t,.~-~ ~o o 200 limited by the steering wheel and also when in more severe 

impacts there is intrusion into the passenger compart- 
ment. 

Though there is some trade-off in chest injury when 
the more severe test pulse is used, it must be noted that 

It is of interest to note that although the Part 572 no special attention was paid to damping properties and 

manikin is quite different from that used in testing belts it is possible that an increased amount would be an ad- 

to Regulation ECE 16 the forward displacements with vantage. 
standard reel belts are in the region of the higher ECE Belt tensioning and webbing clamping devices are 
16 values whereas with stiff belts they are near the lower known developments towards the objective of reducing 
values, forward movement of the occupant. Low elongation web- 

The comparative mean measured injury values from bing of minimum length, possibly in combination with a 

the Part 572 manikin are shown in Table 3. In this test suitably developed webbing clamping system may be the 
series the mean chest ’g’ value exceeded for a cumulative most practical means of producing further improvements 
3 m sec period was 44.5 for the standard reel belt system in reel belt systems. Any future developments along these 
and 54.3 for the stiff system, lines must however run in parallel with developments 

Comparable peak resultant chest values were 48.8 and towards providing maximum possible levels of comfort 
59.6 ’g’ respectively, and convenience. 

Note that whereas in the initial series of tests the values 
for the stiff system were lower, the values in this second 
series are higher. ACKNOWLEDGEMENTS 
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Occupant Protection from Impact with the Steering Assembly 

JOHN B. MORRIS, LEE STUCKI, ious make/model vehicles, occupant sizes, and accident 

RICHARD M. MORGAN and NANCY BONDY configurations which essentially comprise this accident 

National Highway Traffic Safety environment. Countermeasures will be introduced into 

Administration 
the SCORES model and the effect on injury and fatality 

reduction will be assessed. 

ABSTRACT 

This paper will discuss areas of NHTSA research re. BACKGROUND 
lating to the accident environment of the driver impacting 

the steering assembly. These include: The steering column is responsible for producing more 

injuries and fatalities than any other vehicle component. 

¯ Accident analyses to define the problem. In an effort to alleviate the harm caused by the steering 

¯ Development of biomechanical criteria for assess- assembly, the automobile industry started designing and 

ment of injury severity on test surrogates, developing energy absorbing steering assemblies in the 

¯ Laboratory testing of steering assemblies to deter- late 1950’s (1). Methods were also devised to prevent 

mine the safety performance, rearward intrusion of the steering column during the 

¯ Computer modeling for reconstructing accidents and crash event. In 1965, the Society of Automotive Engineers 

assessing the effects of changes to steering assembly (SAE), recognizing the need for a test procedure for this 

characteristics on driver responses, new device, issued Recommended Practice J944 (2). This 

............ practice describes the laboratory test procedure for eval- 
..... The accident analyses quantify the problem in terms uating the characteristics of steering control systems un- 

of injuries and fatalities sustained by drivers as a result der simulated driver impact conditions. It consists of a 
of impacting the steering assembly. Relationships will be body form weighing 75 pounds that impacts a steering 
developed between frequency and severity of injury and assembly mounted in the production configuration. A 
source of injury, affected body regions, crash direction load cell mounted between the wheel and column is used 
and severity, and steering assembly response parameters, to measure the force imparted to the system. 

Biomechanical injury criteria on blunt thoracic impact In 1966, the General Services Administration (GSA) 
is available and may be applicable to chest impact with issued a steering assembly protection rule (GSA Standard 
steering wheel hubs. 515/4a) which became effective in October 1967 (3)(4). 

A program was recently completed which evaluated All passenger cars purchased by GSA after the effective 
the safety performance of several production steering as- date were required to comply with this standard. The 
semblies and, also, one improved steering assembly con- standard specified that the force imparted to the SAE 
structed from components with desirable safety attributes. J944 body form must not exceed 2,500 pounds when 
The performance was evaluated via component tests and impacting the steering assembly at 15 mph. The intrusion 
dynamic sled tests with instrumented Hybrid III dum’ prevention portion of the standard specified that the rear- 
mies. ward horizontal displacement of the upper end of the 

A computer program entitled "Steering Column and column must not exceed 5 inches during a 30 mph frontal 
Occupant REsponse Simulation" (SCORES) has been de- barrier test. 
veloped to model the various interactions of a driver In 1967, NHTSA adopted the GSA standard but sep- 
impacting a steering assembly in a frontal collision. The arated the energy absorption and rearward displacement 
SCORES model is used to predict the occupant/steering requirements into two standards, FMVSS Nos. 203 and 
assembly response when certain assembly characteristics 204. These standards became effective on January 1, 1968 
are changed, i.e., column force deflection properties, and (5). Federal Motor Vehicle Safety Standard (FMVSS) No. 
to reconstruct actual accident cases. 203, "Impact Protection for the Driver From the Steering 

A joint effort by NHTSA and Transportation Systems Control System," specifies requirements for minimizing 
Center (TSC) is being conducted to reconstruct the ac- chest, neck, and facial injuries by providing steering sys- 
cident environment of occupants injured by the steering tems that yield forward, cushioning the impact of the 
assembly. The SCORES model will be exercised for vat- driver’s chest by absorbing much of his impact energy in 
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frontal crashes. FMVSS No. 204, "Steering Control Rear- is included in the rulemaking support paper for FMVSS . 

ward Displacement," specifies requirements limiting the Nos. 201, 203, and 204 Extension to Light Trucks and 

rearward displacement of the steering control into the Vans (13). 

passenger cornpartment to reduce the likelihood of chest, Kahane (4) reported that in pre-standard cars in the 

neck, or head injuries. National Crash Severity Study (NCSS), 58 percent of the 

Compliance with these standards has resulted in var- drivers who were killed or hospitalized in frontal crashes 

ious designs for absorbing the energy of the occupant were seriously injured by contacts with the steering as- 

impacting the steering assembly, usually an energy ab- sembly. This is in agreement with a study by Nahum (8) 

sorbing device in the column (FMVSS No. 203). The based on 1960-1966 model cars. Kahane also reported 

prevention of column intrusion into the occupant com- that the pre-standard steering column entered into the 

partment is usually accomplished by a shear capsule passenger compartment in 3.5 percent of the towaway 

(FMVSS No. 204). The standards were subsequently ex- accidents. There also was column displacement in 20 per- 

tended to light trucks and vans effective September 1, cent of the cases involving steering assembly contact and 

1981. 75 percent of the driver fatalities (14). 

Many accident analyses have been conducted to assess Using data from the Fatal Accident Reporting System 

effect of post-1968 steering assemblies. Garrett (6), (FARS), Kahane concluded that energy absorbing steer- 

Huelke (7), Nahum (8), Levine (9), O’Day (10), and ing systems reduced the risk of driver fatalities in frontal 

McLean (11) all reported a reduction in severe injuries crashes by 12 percent. Using NCSS data the study also 

a result of the energy absorbing steering column. Two concluded that energy absorbing systems reduced by 38 

studies have been conducted by NHTSA to determine the percent the risk of serious injury due to the steering as- 

effectiveness of post-1968 steering assemblies. One study sembly. Also observed was that post-standard steering 

was conducted by Kahane (4)(12), and the other which system reduced the incidence of column intrusion into 

Table 1. Harm to car occupant as a function of contact point. 

Body Harm % 

Contact Region of Total 

1 Steering assembly Chest 11.90 

2 Steering assembly Abdomen 9.41 

3 Side interior surface Chest 4.94 

4 Windshield Head and face 4.68 

5 A-Pillars Head and face 4.04 

6 Instrument panel Lower extremities 3,43 

7 Steering assembly Head and face 3.13 

8 Roof edge Head and face 3.02 

9 Side interior surface Abdomen 2.36 

10 Instrument panel Chest 2.06 

11 Instrument panel Abdomen 1.85 

12 Roof Head and face 1.80 

13 Instrument panel Head and face 1,65 

14 Instrument panel Upper extremities 1.40 

15 Arm rests Abdomen 1.25 

16 Glove comp. area Abdomen 1.23 

17 Steering assembly U pper extremities 1.16 

18 Mirrors Head and face 1.08 

19 Glove corn p. area Chest 0.84 

20 Window g~ass Head and face 0.79 

21 Window frame Head and face 0.77 

22 Front seat backs Abdomen 0.76 

23 Side interior surface Lower extremities 0.71 

24 Floor Lower extremities 0.69 

25 Roof edge Neck 0.57 

All the above 65.52 

All other interior contacts 14.74 

All non-contact 7.91 

All exterior contacts 11.83 

All 100.0 

Malliaris (15) 
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the passenger compartment by 68 percent. It should be 
noted that since it is difficult to separate the effects of 1°°I ..... ’ .... ....... 
FMVSS Nos. 203 and 204 on injury reduction, the above ~I-- 
estimates are based on the combined effectiveness of the 
two standards. 

Despite the apparent safety improvements of steering 
assemblies since 1968, the steering assembly remains the 
major source of injury. Using NCSS data, Malliaris (15) 
ranked source of injury (contact point) by percent of 
harm. Four of the top 17 most harmful body region/ ~0~ 
contact point interactions are produced by the steering ~o~ 
assembly. Table 1 presents harm to the occupant as a 
function of contact point/body region. 

Cohen (16) in analyzing NCSS data concluded that the 
steering assembly is responsible for 27 percent of all se- Figure 1. Distribution of steering assembly injuries~AIS 

....... rious (AIS 3-6) injuries. The body areas involved and 3-6 injuries--for drivers in frontal impacts by delta 
their percentage of total serious injury is shown in Table V. 

2. As can be seen, steering assembly impacts with the 
chest and abdomen account for nearly 20 percent of all As reported by Stucki (17) several issues have been 
serious injuries. A tabulation of the distribution of steering raised regarding the adequacy of the FMVSS No, 203 
assembly injury by body region is shown in Table 3. test procedures. Key among these issues are: 

........ Serious to fatal injuries attributed to the steering assembly 
........ occur predominately to the chest (54%) and abdomen ¯ The test device does not physically simulate the 

(25%). Cohen also investigated the effect of delta V on driver impacting the steering assembly in actual 

injury produced by the steering assembly. Figure 1 illus- crash simulations. 

trates the results of this analysis. The mean delta V for ¯ The test device is not a good human surrogate and 

serious chest injury is approximately 27 mph and 32 mph the performance criteria are not adequate indicators 

for the abdomen. Additional analysis of the accident data of injury severity. 

.......... as it relates to the steering column will follow later. ¯ The inability of the test and/or performance criteria 

to distinguish "good" and "bad" design steering as- 
semblies as a result of the previous inadequacies. Table 2. Percent of all AIS 3-6 injuries caused by steering 

assemblies. Observations of the inability of the current test pro- 
cedure to address the effects of accident-induced steering 

Steering assembly/all 
column behavior were made by Gloyns (18) and Garrett body parts 27.3% (698) 
(19). Steering assembly/ 

chest 14.5 Stucki also noted that the FMVSS No. 203 force criteria 
Steering assembly/ do not account for load distribution and that improve- 

abdomen 6.6 ments to the safety of the steering assembly such as load 
Steering assembly/ distribution features are not rewarded by the pertZormance 

SteeringUpper extremitYassembly/ 
1.8 criteria. Ways to realistically evaluate the safety perform- 

head and face 1.7 ance of the steering assembly will be addressed later in 

Steering assembly/ this paper. 
pelvis 1.4 

co.oo ~6~ ACCIDENT ANALYSIS 

Table 3. Distribution of steering assembly injuries (AIS 3-6) The National Crash Severity Study (NCSS) contains 
by body part and impact direction. 12,050 accidents in which a passenger car, light truck, or 

van had to be towed. Accidents were sampled from seven 
Body Part Frontal Non-Frontal areas throughout the United States from January 1977 to 
Chest 53.5% 51.8% March 1979. The NCSS file reports 67,559 weighted driv- 
Head and face 6.6 5.5 ers in towaway passenger cars, of which 14,512 had a 
Abdomen 24.9 22.1 
Pelvis 5.8 4.5 known contact source. Of the 14,512 drivers 5,902 or 
Upper extremity 5.0 11.1 40.7% had contact with the steering assembly of which 
Lower extremity 2.2 2.5 154 or 2,69% were fatally injured. The data presented in 

Total AIS 3-6 Injuries 499 199 this section consist of only those drivers in passenger cars 
Cohen (16) having contact with the steering assembly. 

177 



EXPERIMENTAL SAFETY VEHICLES 

Table 4 shows the distribution of driver injury severity of the AIS 1 and 2 injuries occur at the delta V between 

in terms of AIS, by crash mode. Crash mode is defined 1-20 mph. The severe injuries AIS 3-6, increase propor- 

by the variable ’General Area of Deformation’ which is tionally as the delta V increases. 

the second component of the Collision Deformation Clas- Table 6 describes the injuries sustained by drivers con- 

sification (CDC) and describes the general area of impact tacting the steering assembly in terms of body region and 

to the vehicle. The most severe impact to the vehicle was AIS. 

used to define crash mode. Table 6 shows that over 60 percent of the injuries to 

Table 4 shows that 72% of the drivers having steering drivers contacting the steering assembly are to the body 

assembly contact were in frontal impacts. Almost 74% regions face and chest, followed by upper extremities, 

of the injuries caused by steering assembly contact were head and abdomen. Note: the majority of these injuries 

minor injuries (AIS I). Note: in right and left impacts, are of low severity; however, over 40 percent of the in- 

there are almost the same number of drivers contacting juries to the abdomen and one-fourth of the injuries to 

the steering assembly, the chest are AIS 3 and above. 

Table 5 shows the distribution of AIS for drivers having The National Accident Sampling System--Continuous 

contact with the steering assembly by delta V. Delta V Sampling Subsystem (NASS-CSS) is a random sample of 

is defined as the change in velocity which occurs during police-reported accidents in 10 sites throughout the 

the collision. United States. These accidents when weighted produce 

Deleting the ’other’ category, Table 5 shows that 76% national estimates. Because the potential error in many 

of the drivers were occupants of passenger cars having a of the estimates is large, these numbers should be used 

delta V between 1-20 miles per hour. Approximately 82% as estimates, not as precise counts. 

Table 4. AIS for drivers having contact with the steering assembly by crash mode (NCSS). 

Frequency 
Percent 
Row % 
Column % 

AIS Front Right Left Back Top Other* Total 

3113 264 246 213 106 420 4362 

52.75 4.47 4,17 3.61 1.80 7.12 73.91 

1 71.37 6.05 5.64 4.88 2.43 9.63 
73.21 71.16 66.49 89.50 75.71 79.10 

558 53 60 11 9 65 756 

9.45 0.90 1.02 0.19 0.15 1.10 12.81 

2 73.81 7.01 7.94 1.46 1.19 8.60 

13.12 14.29 16.22 4.62 6.43 12.24 

325 33 32 13 19 33 455 

5.51 0.56 0.54 0.22 0.32 0.56 7.71 

3 71.43 7.25 7.03 2.86 4.18 7.25 

7.64 8.89 8.65 5.46 13.57 6.21 

99 7 17 0 2 8 133 

1.68 0.12 0.29 0 0.03 0.14 2.25 

4 74.44 5.26 12.78 0 1.50 6.02 

2.33 1.89 4.59 0 1.43 1.51 

90 8 9 1 3 2 113 

1.53 0.14 0.15 0.02 0.05 0.03 1.91 

5 79.65 7.08 7.96 0.88 2.65 1.77 

2.11 2.16 2.43 0.42 2.14 0.38 

16 2 2 0 0 0 20 

0.27 0.03 0.03 0 0 0 0.34 

6 80.00 10.00 10.00 0 0 0 

0.38 0.54 0.54 0 0 0 

Injured 51 4 4 0 1 3 63 

Severity 0.86 0.07 0.07 0 0.02 0.05 1.07 

Unknown 80.95 6.35 6.35 0 1.59 4.76 

1.20 ! .08 1.08 0 0.71 0.56 

Total 4252 371 370 238 140 531 5902 

72.04 6.29 6.27 4.03 2.37 9.00 100 

*Other includes undercarriage, unclassifiable, and unknown, 
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Table 5. AIS for drivers having contact with the steering assembly by delta V (NCSS). 

Frequency 
Percent 

....              Row % 
Column % 

Delta V (miles per hour) 

AIS            1-10    11-20    21-30    31-40    41-50    51-60    61-99    Other*     Total 

823 1351 358 46 9 2 0 1773 4362 
13.94 22,89 6.07 0.78 0.15 0.03 0 30.04 73.91 

........ 1 18.87 30.97 8.21 1.05 0.21 0.05 0 40.65 
88.59 75.35 60.58 25.56 18.37 14.29 0 75.80 

80 275 89 37 6 1 0 268 756 
1.36 4.66 1.51 0.63 0.10 0.02 0 4.54 12.81 

2 10.58 36.38 11.77 4.89 0.79 0.13 0 35.45 
8.61 15.34 15.06 20.56 12.24 7.14 0 11.46 

20 107 87 46 13 2 1 179 455 
0.34 1.81 1.47 0.78 0.22 0.03 0.02 3.03 7.71 
4.40 23.52 19.12 10.11 2.86 0.44 0.22 39,34 

3 2.15 5.97 14.72 25.56 26.53 14.29 14.29 7.65 
1 28 27 19 7 1 1 49 133 

0.02 0.47 0.46 0.32 0.12 0.02 0.02 0.83 2.25 
4 0.75 21.05 20.30 14.29 5.26 0.75 0.75 36.84 

0.11 1.56 4.57 10.56 14.29 7.14 14.29 2.09 
...... 0 15 25 25 13 6 4 25 113 

0 0.25 0.42 0.42 0.22 0.10 0.07 0.42 1.91 
5                 0 13.27 22.12 22.12 11.50 5.31 3.54 22.12 

0 0,84 4.23 13.89 26.53 42.86 57.14 1.07 
0 1 0 4 1 1 1 12 20 
0 0.02 0 0.07 0.02 0.02 0.02 0.20 0.34 

6 0 5.00 0 20.00 5.00 5.00 5.00 60.00 
0 0.06 0 2.22 2.04 7.14 14.29 0.51 

Injured 5 16 5 3 0 1 0 33 63 
Severity 0.08 0.27 0.08 0.05 0 0.02 0 0.56 1.07 
Unknown 7.94 25.40 7.94 4.76 0 1.59 0 52.38 

0.54 0.89 0.85 1.67 0 7.14 0 1.41 
Total 929 1793 591 180 49 14 7 2339 5902 

15.74 30.38 10.01 3.05 0.83 0.24 0.12 39.63 100 
%AIS _< 3                 2.3                8.5              23.7                 53              69.4                   77               100 ~ 

*Other includes unknown and not applicable, 

Since the weighting factors assigned to actual accident Table 8 shows the distribution of AIS by delta V. 
cases are large in order to extrapolate to national esti- Excluding the ’other’ category, Table 8 shows that 
mates, this magnifies differences between cells with no 76.7% of the drivers contacting the steering assembly 
actual cases and those with only a few cases. As more were occupants of passenger cars having a delta V between 
cases are collected by NASS, this discrepancy should be 1-20 mph. About 80% of the AIS 1 and 2 injuries occurs 
somewhat corrected, at delta V between 1-20 mph. The severe injuries, AIS 3- 

The NASS-CSS file reports, for 1979 and 1980 corn- 6, increase proportionally as the delta V increases with 
bined, 17,703,387 drivers of passenger cars of which the exception of delta V ’51-60.’ The discrepancy is most 
821,732 or 4.6% had contact with the steering assembly, likely due to the small number of actual cases that fall 
Of the 821,732 drivers 10,353 or 1.3% were fatally in- into the ’51-60’ category. 
jured. Table 9 describes the injuries to drivers in terms of 

Table 7 shows the distribution of AIS for drivers con- body region and AIS. 
tacting the steering a~sembly by crash mode. Table 9 shows that half of the injuries to drivers are 

Table 7 shows that 60% of the drivers having contact to the body regions, face and chest followed by upper 
with the steering assembly were in frontal impacts. A1- extremities, abdomen, and head. The majority of the in- 
most 85% of the injuries to these drivers were minor juries are of low severity (AIS 1 and 2); however, almost 
injuries (AIS 1). These results are in agreement with the one-fourth of the injuries to the abdomen and one-sixth 
NCSS file. of the injuries to the chest are AIS 3 and above. These 
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Table 6. AIS for drivers having steering assembly contact by body region (NCSS). 

Frequency 
Percent 
Row % 
Column % AIS 

Injured Total 

Body Severity 

Region 1 1 3 4 5 6 Unknown 

682 78 43 9 0 0 0 812 

*Upper 11.56 1.32 0.73 0.15 0 0 0 13.76 

Extremities 84.0 9.61 5.30 1.11 0 0 0 

15.64 10.32 9.45 6.77 0 0 0 

1046 144 276 41 60 17 10 1594 

17.72 2.44 4.68 0.69 1.02 0.20 0.17 27.01 
Chest 65.62 9.03 17.31 2.57 3.76 1.07 0.63 

23.98 19.05 60.66 30.83 53.09 85.00 15.87 

1723 318 29 5 0 0 1    2076 

29.19 5.39 0.49 0.08 0 0 0.02 35.17 
Face 83.00 15.32 1.40 0.24 0 0 0.05 

39.50 42.06 6.37 3.76 0 0 1.59 

218 97 13 3 9 1 34 375 

3.69 1.64 0.22 0.05 0.15 0.02 0.58 6.35 
Head 58.13 25.87 3.47 0.80 2.40 0.27 9.07 

5.00 12.83 2.86 2.26 7.96 5.00 53.97 

84 12 4 0 0 0 0 100 

1.42 0.20 0.07 0 0 0 0 1.69 
Knee 84.00 12.00 4.00 0 0 0 0 

1.93 1.59 0.88 0 0 0 0 

189 2 28 64 44 1 16 344 

3.20 0.03 0.47 1.08 0.75 0.02 0.27 5.83 
Abdomen 54.94 0.87 8.14 18.60 12.79 0.29 4.65 

4.33 0.26 6.15 48.12 38.94 5.00 25.40 

71 16 35 1 0 0 1 124 

1.20 0.27 0.59 0.02 0 0 0.02 2.10 
Pelvis 57.26 12.90 28.22 0.81 0 0 0.81 

1.63 2.12 7.69 0.75 0 0 1.59 

168 60 7 0 0 0 1 236 

2.85 1.02 0.12 0 0 0 0.02 3.99 
Shoulder 71.19 25.42 2.97 0 0 0 0.42 

3.85 7.94 1.54 0 0 0 1.59 

88 12 14 5 0 0 0 119 
1.49 0.20 0.23 0.08 0 0 0 2.02 

Thigh 73.95 10.08 11.76 4.20 0 0 0 

2.02 1.59 3.08 3.76 0 0 0 

93 17 6 5 0 1 0 122 

Other 1.58 0.29 0.10 0.08 0 0.02 0 2.07 

Unknown 76.23 13.93 4.92 4.09 0 0.82 0 
2.13 2.25 1.32 3.76 0 5.00 0 

4362 756 455 133 113 20 63 5902 

Total 73.91 12.81 7.71 2.25 1.91 0.34 1.07 100 

*Includes arm, elbow, forearm, and wrist/hand. 

180 



SECTION 5: TECHNICAL SESSIONS 

Table 7. AIS for drivers contacting the steering assembly by crash mode (NASS). 

Frequency 
Percent 
Row % 
Column % 

AIS Front Right Left Back Top Other* Total 
413779 22080 39209 24459 12388 183047 694962 
50.35 2.69 4.77 2.98 1.51 22,28 84.57 
59.54 3.18 5.64 3.52 1.78 26.34 

1 83.12 75.64 70.46 78.99 82.68 94.78 

45756 4850 6942 6015 999 8606 73168 
5.56 0.59 0.84 0.73 0.12 1.05 8.90 

2 62.54 6.63 9.49 8.22 1.37 11.76 
9.11 16.62 12.48 19.43 6.67 4.45 

24110 1850 8749 491 1596 1485 38281 
2.93 0.23 1.06 0.05 0.19 0.18 4.66 

3 62.98 4.83 22.85 1.28 4.17 3.88 
4.84 6.34 15.72 1.59 10.65 0.77 

6194 110 276 0 0 0 6580 
0.75 0.01 0.03 0 0 0 0.80 

4 94.13 1.67 4.19 0 0 0 
1.24 0,38 0.50 0 0 0 

4514 0 0 0 0 0 4514 
...... 0.55 0 0 0 0 0 0.55 

5 100.00 0 0 0 0 0 
0.91 0 0 0 0 0 

1498 299 0 0 0 0 1797 
0.18 0.04 0 0 0 0 0.22 

6 83.36 16.64 0 0 0 0 
0.30 1.02 0 0 0 0 

Injured              1961          0       469            0          0             0         2430 
Severity 0.24 0 0.07 0 0 0 0.30 
Unknown 80.70 0 19.30 0 0 0 

0.39 0 0.84 0 0 0 
Total 497812 29189 55645 30965 14983 193138 821732 

60.58 3.55 6.77 3.77 1.82 23.50 100 

*Other includes undercarriage, unknown, and unclassified. 

results are similar to those shown in Table 6 from the INJURY CRITERIA 
NCSS. Differences which appear are primarily due to the 
small number of actual cases sampled. In order to assess the protective capability of a steering 

assembly a criterion for estimating injury is required. As 

SUMMARY noted previously the two most prevalent body regions 
injured by the steering assembly are the thorax and the 

The NCSS and NASS files both indicate that drivers abdomen. In the following section a review of previous 
are more likely to contact the steering assembly in frontal studies addressing thoracic and abdominal injury toler- 
impacts than in any of the other impacts. The severity of ance is undertaken, and the most appropriate continuous 
the impact defined by delta V shows that the severity of injury criteria for frontal thoracic and abdominal impact 
the injuries (AIS 3-6) increases as the delta V increases, are presented. 
The common injuries sustained by drivers contacting the THORAX INJURY CRITERIA--A variety of kine, 
steering assembly primarily to the face and chest, followed matic parameters have been utilized in the literature for 
by upper extremities, head, and abdomen. The majority predicting the results of a blow to the thorax--thoracic 
of these injuries are AIS 1 and 2, however, the severe acceleration, force, deflection, power, etc. The data base’s 
injuries, AIS 3-6 occur to the body regions, abdomen and for these approaches also vary extensively in type of sub~ 
chest, ject tested---cadavers, porcine subjects, squirrel monkeys, 
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Table 8. AIS for drivers having contact with the steering assembly by delta V (NASS). 

Frequency 
Percent 
Row % 
Column % 

Delta V (miles per hour) 

AIS              1-10     11-20     21-30     31,40     41-50     51-60      Other* Total 

89174 126837 34646 7583 2175 2522 432022 694959 

!0.85 15.44 4.22 0.92 0.26 0.31 52.58 84.57 

1 12.83 18.25 4,99 1.09 0.31 0.36 62.17 

92.35 86.51 67.59 56.18 40.28 71.26 85.57 

5275 15423 7355 3327 0 782 41009 73171 

0.64 1.88 0.90 0.40 0 0.10 4.99 8.90 

2 7.21 21.08 10.05 4.55 0 1.07 56.04 

5.46 10.52 14.35 24.65 0 22.10 8.12 

1204 1830 6688 551 2110 235 25653 38271 

0.15 0.22 0.81 0.07 0.26 0.03 3.12 4.66 

3 3.15 4,78 17.48 ! .44 5.51 0.61 67.03 

1.25 1.25 13.05 4.08 39.08 6.64 5.08 

0 1418 1993 0 0 0 3169 6580 

0 0.17 0.24 0 0 0 0.39 0.80 
4 0 21.55 30.29 0 0 0 48.16 

0 0.97 3.89 0 0 0 0.63 

0 666 0 1801 635 0 1411 4513 

0 0.08 0 0.22 0.08 0 0.17 0.55 
5 0 14.76 0 39.91 14.07 0 31.26 

0 0.45 0 13.34 11.76 0 0.28 

0 440 399 235 0 0 724 1798 

0 0.05 0,05 0.03 0 0 0.09 0,22 
6 0 24.47 22.19 13.07 0 0 40.27 

0 0.30 0.78 1.74 0 0 0.14 

~njured 911 0 180 0 479 0 861 2431 

Severity 0.11 0 0,02 0 0.06 0 0.10 0.30 

Unknown 37,47 0 7.40 0 19.70 0 35.42 

0.94 0 0.35 0 8.87 0 0.17 

Total 96564 146614 51261 13497 5399 3539 504849 821723 

11,75 17.84 6.24 1.64 0.65 0.43 61.44 100 

%AIS <_3 1.3 3,0 17.7 19.2 55.8 6.6 

*Other includes unknown and not applicable. 

rhesus monkeys, baboon, etc. Each of these data bases Kroell data (21, 22). These data are comprised of 24 

has difficulties associated with its use. Using cadavers, cadavers which received frontal blunt thoracic impacts. 

the muscle tension and lung inflation (as compared to The Kroell data (where the cadaver weights were 90-209 

living subjects) must be considered. Animal tests must be pounds) are shown in Figure 2. The numbers in the center 

scaled to account for size, shape, and anatomical differ- of the figure are the associated injury (using the 1971 AIS 

ences, scale). The AV term for the Kroell data should be the 

The approach taken herein is based on two facets: [1] maximum change-of-velocity between the sternum and a 

the injury criteria must be continuous and [2] only data point on the spine, say fourth thoracic vertebra. In ac- 

sets composed of human cadavers or porcine subjects shall tuality, that number is often not available and the AV of 

be utilized and other animal species shall be used only to the impactor is substituted. This turns out to be a rea- 

guide the analysis. Porcine subjects are used based on the sonable approximation for the Kroell data because the 

understanding that the circulatory, respiratory, and skel- sternum pulse is over by the time the spine pulse begins 

etal systems of the pig are important human analogues (21). In Reference 23, the average ratio of first integral 

which establish the pig as structurally a very similar an- of the sternal spike pulse to the contact velocity of the 

imal species to man (20). impactor is 1:11. 

The first body of experiments to be considered is the Where this approximation breaks down is when the 
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Table 9. AIS for drivers having steering assembly contact by body region (NASS). 

Frequency 
Percent 
Row % 
Column % AIS 

Iniured Total 
Body Severity 
Region 1 2 3 4 5 6 Unknown 

103258 21818 1458 1087 0 0 0 127621 
*Upper 12.56 2.66 0.18 0.13 0 0 0 15.53 
Extremities 80.91 17.10 1.14 0.85 0 0 0 

14.86 29.82 3.81 16.52 0 0 0 

165235 11641 26981 3379 2097 1350 1050 211741 
20.11 1.42 3.28 0.41 0.26 0.17 0.13 25.77 

Chest             78.04 5.50 12.74 1.60 0.99 0.64 0.50 
23.78 15.91 70.48 51.34 46.46 75.53 43.21 

.... 267544 28082 746 0 0 0 0 296377 
32.56 3.42 0.09 0 0 0 0 36.06 

Face 90.27 9.48 0.25 0 0 0 0 
38.50 38.38 1.95 0 0 0 0 

25905 3721 424 0 0 0 0 30050 
3.15 0.45 0.05 0 0 0 0 3.66 

Head 86.21 12.38 1.41 0 0 0 0 
........... 3.73 5.08 1.11 0 0 0 0 

24165 709 0 0 0 0 0 24874 
2.94 0.09 0 0 0 0 0 3.03 

Knee 97.15 2.85 0 0 0 0 0 
3.48 0.96 0 0 0 0 0 

33057 511 6151 2115 2417 0 469 44720 
4.02 0.06 0.75 0.26 0.29 0 0.06 5.44 

Abdomen 73.92 1.14 13.75 4.73 5.40 0 1.05 
4.76 0.70 16.07 32.14 53.54 0 19.30 

31396 3533 0 0 0 0 911 35840 
3.87 0.43 0 0 0 0 0.11 4.36 

Shoulder 87.60 9.86 0 0 0 0 2.54 
4.52 4.83 0 0 0 0 37.49 

27962 0 0 0 0 0 0 27962 
3.40 0 0 0 0 0 0 3.40 

Thigh 100.00 0 0 0 0 0 0 
4.02 0 0 0 0 0 0 

16440 3154 2522 0 0 440 0 22556 
2.00 0.38 0.31 0 0 0.05 0 2.74 

Other 72.89 13.98 11.18 0 0 1.95 0 
2.37 4.31 6.59 0 0 24.47 0 

694962 73169 38282 6581 4514 1798 2430 821736 
Total 84.57 8.90 4.66 0.80 0.55 0.22 0.30 100 

*Includes arm, elbow, forearm, and wrist/hand. 

impactor mass is very light which is the case for a handful where 

of the Kroell data. (In those few cases, momentum cal- 
culations were made to better estimate the sternum AV.) AV = impact velocity (fps), 

Two models--to define the dependent variable, AIS, P = penetration, 
as a function of the response parameters--were consid- D depth of chest, 

ered. These were: P/D = normalized total deflection, 

AIS = f (AV, P/D, Age) 
and 

and 
AIS = g (P/D, Age) AGE is in years. 
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served at velocities > 39 fps and input compressions of 
20-30%, whereas compression of 50-60% were required 

so for a lethal outcome at velocities < 39 fps. 

.0 The apparent injury mechanism was different for im- 
p0 ¯ o pact velocities above and below the 39 fps impact velocity 

o .~ region. In the higher velocity exposures the lung lesions 
~ ~0. .~ .’ resembled those found in blast injury. 
~ ., ~.o 2:o.;.~°’;° Twenty-one living and post mortem porcine subjects 

..... were exposed to blunt thoracic impact by GM (20, 28). 

¯ 1 *’ The impactor was a 46.3 pound mass with a fiat contact 
10 .... surface traveling at 9.8 to 34.8 fps. The contacting inter- 

Numbers Denote AIS face was an unpadded, 6-inch-diameter wooden block 

~ 2 3 ~    ~    ~6    ,~    .~ with a half-inch edge radius to prevent localizing loading 

at the perimeter. The GM argued that a comprehensive 
review of comparative anatomy between the swine and 

Figure 2, GM cadaver frontal impacts to the thorax, man would indicate that the cardiovascular, respiratory, 

and thoracic skeletal systems of the pig are anatomically 

The following equation is the AIS predictive expression and functionally a good parallel of similar structures in 

as a function of P/q) and AGE: man. During the impacts, the force was applied in the 
horizontal direction through the vertically aligned contact 

AIS = 17.4 P/D ÷ 0.0313 AGE -- 5.15 (1) block and was centered midsagitally over the sternum. 

where In their most recent swine experiments (29), the GM 
team concluded that--while chest compression is clearly 

R = multiple correlation coefficient = .87 an important factor related to injury in severe blunt tho- 
SE = standard error of estimate = .87 racic impact--there is a specific role for velocity as well. 

This is Neathery’s equation from Reference 22. Nat- In other words, for a given level of thoracic compression, 

urally, this regression equation is only good for values of a higher average loading velocity represents a potentially 

P/D and AGE which lie within the region covered by more damaging exposure. 

the original data (24); e.g., this equation is not to be used There is a possible reason AV is not a significant in- 

for a 5-year-old child because children were not included dependent variable for the Kroell data. Figure 3 shows 

in the original data set. the GM swine data, or VianD data, for blunt thoracic 

For the regression analysis on AIS = f (AV, P/D, impact. (The weight of the swine varied from 102-154 

AGE), the coefficient in front of the AV term is not pounds). The VianD data have points of high AV and low 

significant. In other words, AV is not a good independent P/D while the cadaver data do not. 

parameter for the GM cadaver tests. This point bears The VianD data suggest that the magnitude of the re- 

further consideration, sulting trauma is not only the result of the maximum 

Recently, Eppinger (25) used a combination of digital deflection the thorax experiences but is also a function 

convolution theory and least-squares approximation tech- of the rate at which the thoracic deflection is produced. 

niques to predict relative velocity and deflection based on Finally, chest deflection was used for a Highway Safety 

accelerometer readings from side impacts of human ca- 
davers. Eppinger found a relationship which suggests that 
the magnitude or severity of the resulting trauma is not 
only the result of the maximum deflection the thorax 
experiences but also a function of the rate at which the 

so 
.~.~0 

thoracic deflection is produced. "° 
In 1975, Fayon et al. (26) investigated frontal crash 

simulations with 3 point seat belts. Results were presented ~ ~oi 
for 31 cadavers in dynamic tests and 7 other in static >~ ,:~ ~;~ " 

tests. Fayon concluded that it is not possible to specify ~0~ 
a tolerance level for thorax deflection without specifying " 

the deflection speed which the thorax undergoes. ~0~ .0 ~0 
Jonsson (27) exposed anesthetized rabbits to controlled r~u,.~e~s De~o,e A,S 

compression blunt impact on the right side. The results 
of this study suggest that velocity, as well as compression, 
might be a primary factor in nonpenetrating thoracic 
injury mechanisms. Predominantly fatal injuries were ob- Figure ~. 6M swine frontal impact to the thorax. 
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Research Institute (HSRI) study (30) as the indicator of 
injury. 

The whole of the GM, HSRI, Fayon, Jonsson, and 
Eppinger work suggests that the most appropriate con- 
tinuous injury criteria for frontal impact to the thorax 
should be based on at least two kinematic parameters: 
maximum deflection of the thorax and the rate at which 
the thoracic deflection is produced. ~ i "° 

At this time, the best continuous injury criteria is: ~0~ .... 

(1) The Neathery equation 

AIS = 17.4 P/D + 0.0313 AGE - 5.15 

Plus (both parts are to be used together) 

(2) The following restriction on the rate at which the 
thoracic deflection is produced as suggested by Fig- Figure 5. Winquist’s swine frontal impact to the abdomen. 
ure 4 if 

AV < 30 fps,    use Neathery equation 

if 30 fps _< AV < 40 fps, onstrated that injury severity of the liver was velocity 

use Greater of AIS = 3 or Neathery equation dependent. 
One of the earliest studies to try to relate kinematic 

if 40 fps < AV < 50 fps,                         parameters to abdominal injury level is a 1953 report by 
use Greater of AIS = 4 or Neathery equation 

Winquist et al. (Discussed in Reference 34.). They era- 
if 50 fps < AV, ployed upright seated swine to examine the effects of 

use Greater of AIS = 5 or Neathery equation frontal abdominal impacts against objects that might be 

The duration over which the rate of thoracic deflection struck in an aircraft cockpit. These objects were a control 

is calculated should not exceed 120 msec. 
wheel, a stick-like protrusion--struck end-on--and a 

...... ABDOMEN INJURY CRITERIA--The mechanisms large, flat surface similar to a radio box. The animals 

of injury to various abdominal organs are not well under- received impacts in both their midriff and lower abdom- 

stood. Biomechanical studies by Stalnaker et al. (31) have inal regions at velocities of 20 and 40 fps. All of the high 

defined tolerance values or injury severity as function of velocity exposures were fatal. These data are shown in 

a dimensionless parameter involving force magnitude, du, Figure 5. These swine weighed from 95-187 pounds. 

ration of impact, mass of the impacted subject, and the A regression analysis of these data results in a lower 

area of contact. Melvin et al. (32) have established a correlation coefficient for AIS as a function of P/D alone. 

loading rate sensitivity of the isolated liver and kidney to This lower correlation coefficient is probably due to 

injury. In a recent study of closed blunt impacts delivered the AIS = 1 at P/D = .7. The impactor in that event 

was the stick-like protrusion. What may have happened~ to anesthetized rabbits, Lau and Viano (33) also dem- 
as suggested by the second author of Reference (34) in 
personal communication--is that the rod went in at a 
lower speed and allowed the midriff organs to avoid the 
main thrust. 

In Reference (35), 15 swine (43-65 pounds) were ex- 

~0 I .o ,~ ~ t posed to controlled frontal abdominal impact. The rigid 
.~.~ o.~ .o .o A,s ~ impactor weighed 30 pounds and had a 3-inch-diarneter 

circular impacting surface. 

~"°i I ’°~] "~ " t a’s=* 

The swine test data are shown in Figure 6. Regression 
t 

,..~ -~ .~., ., 

....... ~s=3 models for this data have a correlation coefficient of about 
’: ’~ "~ 0.75. 
"’ The data for abdominal impact suggest a dependence 

’ of injury on normalized abdominal penetration and upon 
~0 .~ "~o rate of change of the penetration. The data are not abun- 

~,,,,be,, o~oo,o ~s dant enough to allow the exact understanding of these 
.1 .~ .~ .~    ~ .~    .~ .~    .~ parameters (or of possible age effects). 

~ The equation for abdominal impact to the HSRI swine 
(frontal) and Winquist swine (frontal) shows some sire- 

Figure 4. Velocity layers for [rental impact to the thorax, ilarity to the GM work for frontal impact to the thorax. 
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of several production steering assemblies via static com- 
ponent and dynamic systems tests. The selection of steer- 
ing assembly types was based on acquiring a cross section 

¯ ’ "’ of production available types of energy absorbers as shown 

~o "’ in Table 10. Since publication of this paper additional 
...... .0 research was conducted in this same program. An im- 

proved dynamic systems test was developed where the 
complete Hybrid III dummy is impacted into a stationary 
assembly. Tests were conducted on four make’s types of 
steering assemblies (Ford Fairmont, Chevy Citation, 
Volvo, and a hybrid type) in the frontal mode at 20 and 

............ 25 mph and 30° oblique at 25 mph. 
.i .2 .5 .4 ~ .6 ~7 .8 The hybrid steering assembly was constructed from 

P~D 
components which yielded the best results based on earlier 
testing: a Ford Fairmont column and energy absorber 

Figure 6. HSRI swine frontal impact to the abdomen, and Volvo steering wheel, Table 11 shows the results of 

the dynamic testing. 

If the assumption is made that severe injury begins to 
As discussed previously in the biomechanics section 

appear after 30 percent normalized total penetration (the 
and in References 23, 26, and 29, it appears that chest 

same as in the thorax for frontal impact), then an injury 
deflection correlates better with injury than does spinal 

criteria can be hypothesized, 
chest acceleration for blunt impact. If this is used as a 

The most appropriate continuous injury criteria for fron- 
performance criteria, the hybrid steering assembly would 

tal abdominal impact are: 
rank as the best of those tested. 

Two other innovations were developed during this pro- 
gram. A device which uses electrical switches to give a 

(1) rough estimate of the area in contact between the dummy 
P!D _< . 1 AIS = 0 and the impacted surface was developed and included in 

.I < P/D _< .5 AIS = .15 P~ -- 1.5 the later tests. An abdomen form which replaces the 

.5 < P/D AIS = 6 standard insert was constructed of Styrofoam and follow- 

plus (both parts are to be used together) 
ing impact will show the maximum penetration of the 
wheel rim, or other component into the abdomen. Both 
of these techniques will provide measurements which will 

(2) " be useful in determining the injury severity. 
if ~xV < 30 fps, use equation in (1)above This device for measuring contact area was further 

if 30 fps < AV < 40 fps, use Greater of AIS = 3 or refined under a NHTSA contract (36) to improve the 
equation above accuracy. The switching array was expanded to 180 
if 40 fps < AV <_ 50 fps, use Greater of AIS = 4 or switches, monitored discretely, arranged on a 180 square 
equation above inch area. The discrete method has numerous advantages 
if 50 fps < AV, use Greater of AIS = 5 or over the parallel method originally used on the device, 
equation above such as improved electronic accuracy and the potential 

to identify the specific location of each closed switch. The 
device was built into a vest which can be worn over the 

The duration over which the rate of thoracic deflection chest of a dummy. Since the area monitoring method 
is calculated should not exceed 120 msec. used a discrete switching pattern of 1 inch squares, the 

accuracy of the device is very dependent on both size and 
shape of the contact surface. Based on geometric analysis 
and static and dynamic testing using common shapes 

RECENT AND CURRENT RESEARCH (circles, squares, etc.), the accuracy appears to vary from 
10% or less for larger areas (greater than 20 square 

Several programs r~cently completed or currently in inches) up to 30% for small areas (less than 4 square 

progress will advance our understanding of the role of inches) when sut~cient pressure is applied to close the 

the steering assembly in causing injury during an accident, switches. 

A program which was the subject of an SAE paper entitled A computer model has been developed to specifically 

"Study of Steering Assemblies for Evaluation and Rating address the unrestrained driver impacting the steering 

of SafetyPerformance" (17) investigated the performance assembly in a frontal collision. This model entitled 
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Table 10. Steering column types. 

Make/Model EA Types Other Features 

Chevrolet Citation Ball-tube Cowl bracket guide 
Volvo Convoluted jacket Self-aligned wheel 
Ford Fairmont Ring-tube 
Mercedes Convoluted hub EA unit in lower column 
Honda Hook bends plate 
Chrysler K-car Mesh-Mandrel 

Table 11. Dynamic test results (phase II). 

Column Peak Chest Maximum Chest 

Test No. Speed Acceleration Deflection Maximum 
(inches) Column Mode (mph) (Gs) (inches) Stroke 

2251 Citation Frontal 19.8 38.4 3.1 0.94 
2254 Citation Frontal 24.6 46.5 2.6 3.75 

2282 Citation Oblique 24.9 35.5 20.5 3.42 

2260 Volvo Frontal 19.0 28.7 1.6 3.50 
2262 Volvo Frontal 25.0 49.4 2.5 3.1 

2278 Volvo Oblique 24.9 40.5 1.92 2.2 

2357 Fairmont Frontal 20.0 39.7 1.6 3.05 

2362 Fairmont Frontal 25.0 61.1 2.9 3.8 

2287 Fairmont Oblique 25.0 50.6 2.7 1.8 

2237 Hybrid Frontal 19.7 34.0 1.6 2.5 

2350 Hybrid Frontal 25.0 47.9 1.95 4.5 

2288 H~/brid Oblique 25.1 36.6 1.76 1.2 

SCORES (Steering Column and Occupant Response Sim- FUTURE PROJECTS 
ulation) was the subject of an SAE paper by Stucki and A project was recently started by the NHTSA to give 
Fitzpatrick (37). a better understanding of harm resulting from steering 

As noted in the report more work was needed to val- 
assembly impact and methods of alleviating the problem. 

idate the model and to add the capability of modeling 
occupant impact with the windshield and/or header. As 

The following tasks, to be conducted, will contribute to- 

part of a larger computer modeling effort which was 
wards these objectives: 

awarded in September 1982, the first task will be to in- A. Establish relationship between injury and occupant 
corporate the windshield and header into the current and vehicle response measurements. 
SCORES model and to validate these additions. B. Extrapolate this analysis to a national representative 

A program is currently being conducted at NHTSA’s accident environment such as that predicted by the 

Safety Research Laboratory (SRL) to validate the NASS and/or NCSS files. 
SCORES model. Two passenger cars (Ford Fairmont and C. Propose countermeasures to reduce injuries and fa- 
Chevrolet Citation) were selected for the study. All inputs talities which will be applied to the predicted accident 

for the modeling will be obtained from available sources environment. 
such as vehicle and dummy specification, through direct D. Analyze the effects of these countermeasures on in- 
measurement and from testing of dummies and steering jury and fatality, nationwide and select the most 
assembly components. Frontal sled tests at 20 and 25 viable candidates for further development through 

mph were conducted on both vehicles. The unrestrained sled and crash testing. 
driver dummy is the same Hybrid III which was used in 

The spectrum of accidents will be those in which an 
the component tests to ensure consistent responses. These 

injury to the occupant was caused from impact with the 
sled tests will be used as cases for the validation study, 
comparing dummy and steering assembly responses pre- 

steering assembly. The form of the accident data will be 

dieted by the SCORES model to the measured responses 
a multi-element array of the following parameters: 

in the sled tests. (a) Body region injured. 
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(b) AIS level: 1 through 6. 

(c) Vehicle Make/model, 1975 and later, c~t 
(d) Occupant size and sex: A maximum of 3 categories 

for each. 
3.o ~ ~o / 

(e) Principle Direction of Force (PDOF): 11, 12, and 1 
o’clock. 2.~ - 2~ / - 10o 

(f) Object contacted: Other vehicle or fixed object. 
(g) Velocity change: Either 5 or 10 mph increments from 

5 to 35 mph. 

The SCORES computer model will be exercised for 
each cell of this matrix, i.e., for each make/model vehicle, 

1.5 ~ 15 ~)/ -~ 60 
/ 

occupant size, and sex, PDOF, object contacted, and ve- 
locity change SCORES will predict responses for each ~.0 
body region (for SCORES this is limited to head, chest, 
abdomen, and femurs). These responses will be converted 
to injury level (AIS) by the applicable biomechanical cri- - ~ ~ 4o ~ ~0 
teria for the particular body region. The outcome of this Velocity at Impact (mph) 
exercise will be an AIS level for each cell in the multi- 
element array. The frequency of occurrence can be applied Figure 7. Chest/steering wheel hub impact. 

to each cell and summed to give overall frequency of each 
AIS level for comparison with the actual accident file. If 
the AIS distributions are not similar between the 
SCORES prediction and the actual accident data, ad- 

ship for the chest impacting the steering wheel hub, where 
the given responses are the most probable indicators of 

justments will be made to the SCORES inputs until good 
chest injury level. This is a preliminary analysis based on 

agreement is achieved. 
several SCORES runs with a 50th percentile male pc- 

One of the major efforts of this project is to acquire 
the inputs necessary to exercise SCORES on each cell of 

cupant and 1979 Volvo dimensions and properties. Once 

the matrix. The Transportation Systems Center (TSC) 
relationships such as these have been developed, coun- 

has responsibility for providing all vehicle dimensions for 
termeasures, which will lower the injury risk, in this case 

approximately 40 post-1974 passenger car lines which 
impact velocity, can be investigated using the SCORES 
Model. 

account for more than 90% of the passenger cars pro- 
duced in this period (one car line will generally include 
several models). These measurements include dimensions 
such as steering column angle, wheel location, etc., and SUMMARY 
force-deflection properties of the wheel rim and energy 
absorber unit in the column. The steering column is responsible for producing more 

TSC is also generating vehicle crash pulses for different injuries and fatalities than any other vehicle component: 
velocity change, PDOFs, and object contacted. The final 27% of all serious to fatal (AIS 3-6) injuries. Steering 
requirement for input is the anthropometric and biome- assembly impact with the chest and abdomen accounts 
chanical properties of the various occupant sizes for each for over 20% of all serious injuries. 
sex. Much of this information currently exists for certain The most appropriate continuous injury criteria for 
size occupants and may have to be extrapolated to other frontal impact to the thorax are based on maximum de- 
size occupants using engineering judgment, flection and the rate at which the thorax deflection is 

The output of the SCORES model will be verified by produced. The most appropriate injury criteria for ab- 
checking against results of other models, such as the dominal impact are abdominal penetration and rate of 
MVMA-2D, and sled and crash test results. The input change of penetration. 
parameters will continually be upgraded by this verifi- An improved dynamic systems test has been developed 
cation process and by the latest biomechanical criteria, and the performance of several steering assemblies eval- 

One of the primary injury risks to occupants involved uated. 
in collisions is the relative velocity at which the occupant A steering assembly computer model has been devel- 
strikes interior contact surfaces. The SCORES output will oped and is being validated. 
provide the information, in terms of body part velocities We are establishing the relationship between injury and 
and responses, needed to construct relationships between occupant and vehicle response measurements, investigat- 
body part response (which can be converted to an injury ing countermeasures, and analyzing the effects of these 

level) and impact velocity. Figure 7 shows this relation- countermeasures on injury reduction. 
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A Study on the Ride-Down Evaluation 

HIROSHI KATOH and RYOJI NAKAHAMA To make down-sizing and safety compatible, it is well 

Passenger Car Engineering Center known to be important to utilize Ride-Down phenomena 

Mitsubishi Motors Co., Ltd. 
effectively. 

Many studies (Refs. 1-8) have been made regarding 
what kind of vehicle crash characteristics or seat belt one 
can decrease occupant injury with. 

However, there seems no study to clarify the effect of 
The injury of occupants restrained by seat belt is dom- seat belt and vehicle crash characteristics on Ride-Down 

inantly affected by the vehicle crash characteristics and efficiency. It is difficult to separate the effect of seat belt 
seat belt effectiveness. Matching both performances is and that of vehicle body, since Ride-Down phenomena 
essential in attaining occupant’s safety with most reason- consist of a combined effect of vehicle crash character- 
able weight and cost. istics and seat belt ones. 

Hitherto the efficiency of occupant’s energy disposal Here an idea, which we call "Ride-Down index," is 
has been evaluated in terms of a concept of Ride-Down, introduced and utilizied for safety design to evaluate each 
a ratio of energy absorbed vicariously by the vehicle to effect of vehicle body and seat belt separately. 
the occupant’s initia! kinetic energy. 

Tkds long established idea, however, has a certain limit RELATIONSHIP BETWEEN RIDE-DOWN 
for further analysis. In this paper, a new method of as- 

EFFICIENCY AND PASSENGER 
sessing relative effectiveness of vehicle structure and seat CHEST DECELERATION 
belt system is proposed to enable to attain a balanced 
approach as a whole. 

The Ride-Down efficiency is decomposed to one that Figure 1 shows the macrosocopic model of vehicle col- 

concerns vehicle structure and the other that relates to 
lision against fixed barrier. K is a spring which denotes 

restraint system. The former is determined as relative seat belt and is assumed constant. 

Ride-Down efficiency when the simulated system of the 
Passenger energy absorption is written in equation (1). 

vehicle is subjected to collision with a standard restraint 1/2M Vo2 = M~ldX2 + 1/2 K (XI -- X2)2 (1) 
system. The latter is obtained in the relation of conven- 
tional and the newly obtained method, 

where M : Passenger mass 
V..o : Velocity at collision 

The two-way Ride-Down approach paves the way to X~ : Passenger deceleration 
indicating straightforwardly the most effective direction : Passenger displacement 
in which occupant protection is harmoniously attained in X2 : Vehicle displacement 
each vehicle design. K : Spring constant of seat belt 

The first term of right hand of equation (1) denotes 
INTRODUCTION the energy which vehicle body vicariously absorbs and is 

The trend toward smaller car and weight reduction of generally called Ride-Down energy. The rate of Ride- 
automobiles has progressed increasingly to save energy Down energy to initial passenger kinetic energy (1/2 M 

and material. Vo2) is called Ride-Down efficiency. That is 
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.~,X2 VE!!, I,CLE ~X~ OCCUPANT 

G 

50 

.......... GROUI~D 30 
......... M~: =-K ( X~ - X~) ~, ~ ~ , ~ ’ 

~ 30 40 50 
E~ = M ~ ~ X~ 

RIDE-DOWN EFFICIENCY (CHESI DECELERATIO~I) 

Figure 1, Macroscopic model of collision. 
Figure 2. Passenger chest G and Ride-Down efficiency. 

Ride-Down energy: Figure 3(A), where spring rate K is constant and initial 
slack 8o is chosen as a parameter of seat belt character- 

r x2~-~ istics. Besides vehicle crash characteristics are defined by 
Er = M ~ ldX2 (2) sine wave deceleration time history shown in Figure 3(B), 

.......... and maximum deceleration Gm is selected as a parameter 
Ride-Down efficiency: of vehicle body characteristics, Because the collision ve- 

locity is constant (35 mph), Gm.Tt becomes constant. 

j~x m~x 

In this simple model, Ride-Down efficiency ~/t becomes 
MXldX2 a function of two variables (Gm, 8o). In order to obtain 

nt = each effect of vehicle body and seat belt, we keep either 
......... 1/2 M Vo2 Gm or 8o constant and vary the other. Then "Ride-Down 

index of vehicle body" ~/v is for convenience defined as 
where X2max : Maximum vehicle displacement a function of Gm (while 8o = const.). Similarly "Ride- 

Furthermore, it is well known that Ride-Down effi- 
ciency is closely related to occupant injury value. Figure 
2 shows this relationship between Ride-Down efficiency 
and passenger chest deceleration of frontal collision tests 
at 35 mph. Here Ride-Down efficiency is calculated ac- 
cording to equation (2) where ~l is replaced with fore < =8 TONI~ 
and aft component of passenger chest deceleration. These 
data are based on 35 mph collision tests performed on 
various vehicles since 1978 as a part of NCAP (New Car 
Assessment Program) by NHTSA (National Highway 
Traffic Safety Administration) in U.S.A. 

STROKE (X1-X~) 
Figure 2 clearly indicates the relationship that passen- 

ger chest deceleration decreases as Ride-Down efficiency (A) SEAT 

increases. 
However, since Ride-Down efficiency, as shown in Fig- 

ure 1 and equation (2), is the result of a combined effect                                           ~_~__~ 

of both vehicle body and seat belt, each effect cannot be 
estimated separately. But from the standpoint of safety ~ ~~GjnTt 

design, if each effect of vehicle body and seat belt can be      ~                                 ’ = CONST 

estimated independently, it is very useful. 

o TIME (t) Tt INTRODUCTION OF "RIDE-DOWN INDEX" 
(B) VEIIICLE DECELEEAT~:! 

Considering the collision model shown in Figure 1, we 
assume that seat belt has the characteristics shown in Figure 3. Conditions used for calculation, 
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Down index of seat belt" ~/b is defined as a function of 
8o (while Gm = const.). That is 

I ORIGINAL VEHICLEI 
Ride-Down efficiency ~/t = f (80, Gm) CRASH TEST 

Ride-Down index of                                                         N.G. 
vehicle body           ~v = f (8OB, Gm); 

= const. (5 mm) (3) VEHICLE BODY SEAT BELT 

Ride-Down index of 
s I DE S I DE 

seat belt ~/b = f (8o, Gm,); GmB .[ 

= const. (17G) SIMULATION 
where CALCULATION 

8o : seat belt slack 

8oB : the slack of the standard seat belt (5 mm) 

Gm : maximum vehicle deceleration 

GmB: maximum vehicle deceleration of the standard ( NECESSARY QUANTITY ) 
\ OF [MPROVEMEIIT 

vehicle (17 G) 

The value of 8oB, Gm~ is selected practically as the most 
optimum value after various attempts were made. I BODY SYSTEM 

Then, simulation calculation results in the constant ~]t [ TEST 

curves shown in Figure 4. Now ~/t is divided into ~/b and N, G, N 
~/v. Therefore we can estimate each effect of vehicle body 0. K. O, K. 
and seat belt on the RJde-Down efficiency ~/t, and the 

cost-benefit direction on the improvement of ~/t can | most 
be indicated. The change in ~/t due to the variation in ~v 
or ~/b can be respectively estimated using Figure 4. For IMPROVED VEHICLE 

example, in case of r/t = 30% and ~/b = 40%, ~/v is ’ [CRASH TEST 
shown to be large, about 80%. Therefore to increase ~}t, [ 

it seems more practical to improve ~/b rather than ~/v. 
On the other hand,in case of r/t = 30%, ~/v = 40%, it 
seems better to improve ~/v rather than ~/b. 

Figure 5 shows the flow chart of actual improvement     Figure 5. Flow chart of improvement method. 

method. 

THE METHOD TO OBTAIN ~lb AND ~lv IN 
ACTUAL TEST 

First, ~lt is obtained from actual test data by substi- 

tuting the fore and aft component of passenger chest 
deceleration as ~1 into equation (2). 

In order to obtain ~lv, two-dimensional simulation 
model shown in Figure 6 is used. Here seat belt char- 
acteristics shown in Figure 7 are applied for all vehicles, 
and for vehicle crash characteristics, vehicle deceleration 
time history of the actual test is used. Then ~/v is obtained. 

Two-dimensional simulation model is used here instead 
of one-dimensional model shown in Figure 1 because the 
chest deceleration can be calculated in two-dimensional 

\ model. Then ~/v using the chest deceleration in two-di- 
mensional simulation becomes comparable with ~?t sub- 
stituting the chest deceleration measured in actual test as 
described above. 

I I 1 J 
o ~I ~o ~ 8o ].ooz Accordingly ~?b can be known when ~t, ~v are plotted 

~a~ on Figure 4. Now the effect of vehicle crash characteristics 
and seat belt characteristics on Ride-Down efficiency in 

Figure 4. Constant value lines of ~/t. actual test can be obtained separately. 
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% 

SHOULDERBELT T-~,,        ~’z~ 

~b6o7°8c O~o                                 0 o~ 

¯ ~ LAP 

//.~~ ~ELT 

Y s~ ~oo 
I BELT SLACK (~l~m) 

~ 
Figure 8. Seat belt slack and ~b. 

~gure 6. Two-dimensional simulation model, 
data are classified based on whether the vehicle passed 

injury criteria of FMVSS 208 or not. 

Here a consideration must be ~ven to the fact that ~v To pass injury criteria, ~t ~ 50% becomes a necess~ 

and ~b are not really independent, so evaluation by ~v condition. 

and ~b are not absolute but relative. However, within the Furthe~ore, improvement direction and quantity can 

scope of actual vehicle collision, ~v and ~b are considered be easily obtained from Figure 9. For example, ~v of 

to be of practical significance in evaluating each functions vehicle A is almost the same as that of vehicle B, but ~b 
of the various vehicles relativdy, is considerably different and as a result vehicle B could 

~b can be approximately obtained by the following not pass injury criteria. If vehicle B were equipped with 
simple method. As we take ~o as a parameter of seat belt the same seat belt as vehicle A, vehicle B could be ex- 

characteristics, consider the seat belt slack ~, which pected to pass the criteria. Keeping ~b at the same value, 

indicates relative displacement between passenger and ve- and increasing ~v up to 83%, a similar result could 

hicle when shoulder belt load reaches 1~ kg (220 lb.). expected. 

6~: relative displacement between passenger and vehicle 

when shoulder belt load reaches 1~ kg (220 lb.). EXAMPLE OF ACTUAL IMPROVEMENT 

Here 6~ is chosen instead of ~0 in Figure 3(A), because Figure 10 shows a result of improvement on vehicle C~ 
it is di~cult to obtain 6o in actual test. in Figure 9. As ~v of vehicle C~ is relatively high, 

Figure 8 shows the relationship between ~b and 6~. 

It can be said that they are mutually related. From Figure 

8, ~b can be approximately obtained if 6~ is ~own. 

~ NOT COHPLIED 

APPLICATION TO TEST DATA 

Figure 9 shows the summary of ~v, ~b for various 

vehicles subjected to NCAP crash tests at 35 mph. ~e ,-CAR 

o 

TON                           TON                                                     B-CA~        0 

COMPLI ~NC~ ~T 

0 ~    ’ 
0 100    200 300 400MM 0 ]00    2~0     ~ ’ lO~ ~ 30OHM 

STROKE STROKE 

Figure 7. Seat belt characteristics used for calculation. Figure 9. Test data arranged by ~v and 
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IMPROVED ~v~ 

0              50            i~            150 MSEC              0              5~            lOO            150 

TIME                                                           TIME 

~ 6°F IMPROVED ~= 

~~ 
ORIGINAL ~= 0.57 

~ 40~ IMPROVED 0.75 

~ 50 i~ 150 MS~C 0 ~ i00 150 

TIME TIME 

Figure 10. Example improved by increasing ~b (C, and C~     Figure 12. Example improved by increasing both ~v and ~b 
car in Figure 9).                                          (D, and D~ar in Figure 8). 

~ro~eme~t of ~b ~as made. I~ on~l test (q) ~ = or spool-out d~e to squeezed wi~di~ a~o~d the sp~l, 

120 ~m ~d ~b = 57%. To pass i~j~ criteria, ~b must a~d the favorable ~¢s~It (C~) is obt~ed. 

~ i~cre~ ~9 to ?5% and seat ~It slack 8~m must be Figure 11 ~]so shows the example of seat belt 

sho~ened by a~ut ~ mm from Fibre 8. Therefore seat ment on another vehicle at 3~ph collision. 

~lt retractor was modW~ to mi~mize the spool-effect Figure 12 shows the case of improvement made on 

both vehicle body and seat belt. This case is expressed as 

vehicle D~ (ofi~nal) and D~ (improved) in Figure 9. 

d ORIg[N~k 

0                50               l~o              150 MSEC           > 0       ~        50              I00            150 MSEC 

TIME                                                            TIME 
G 

50F 
,~ ~= 0,56 ~0 ~ORIGINAL ~ = 0.% 

~ 

~ 
~1..ZIHPROVED ~5 = 0,63 

’, 
m 0                 50                                  150 MSEC            ~ 

iO0              190 MSLC 
T IHE TIHE 

Figure 1 I. Example improved by inoreasing ~b (at 80 mph). Figure 18. Example improved by increasing both ~v and ~b 
(at 80 mph). 
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vehicle body on the Ride-Down efficiency 070 is pro- 
70 posed. 

70~ ~ tHPR0VED (3) The vehicle crash characteristics can be evaluated by 

........ 
~                  rot 

’~ ORIGII~AL 
Ride-Down index of vehicle body (~v) which is ob- 

....... rained by using the mathematical simulation with the 
r-~6o ~o % standard seat belt. 

~’~ (4) The seat belt characteristics can be evaluated by Ride- 
Down index of seat belt 0?b) which is obtained by 
using the mathematical simulation with the standard 

~ 0RIGIttAL ~ = 0.68 
vehicle body. 

~= 3°r .    , ./?--II4PROVED ~= 0.~9 (5) By using ~/b and ~/v, the problem of which side and 
_ ~,~~~~ ...... how much improvement of vehicle body and seat belt 
~ . should be made is easily clarified. This idea of Ride- 

o 6~ TIME 
~oo ~o ,s~c Down index is practically useful for safety design. 
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Optimizing Knee Restraint Characteristics for Improved 
Air Bag System Performance of a Small Car 

H IDEO TAKEDA and SABURO KOBAYASHI behind the steering wheel as the crash pulse becomes more 

Honda R & D Co., Ltd. severe. The dummy chest, when restrained by a seat belt, 

showed a gentle G waveform, while with an air bag, it 
presented another waveform with unusual spikes. 

ABSTRACT An analysis of the test findings reveals that spikes in 

The two known systems for restraining vehicle occu- chest G are always accompanied by similar spikes in G 

pants in a crash situation are the seat belt and the air for the pelvis. It was found that this is attributable to a 

bag. A series of head-on crash tests against a barrier substantial shock when the dummy’s upper leg contacts 

indicated that these restraining devices present widely the molded pelvic structure. This suggests that the existing 

different G waveforms for the chest of a dummy seated dummy might have some structural deficiency. This con- 
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tact occurs when the restraining force for the upper torso 

of the dummy is much less than that for the pelvis. 6G° 
3o~o, HEAD-ON CRASH 

60G 
An air bag was used to restrain the driver’s upper torso 

~ and a knee restraint to hold the pelvis. The restraining 
~ ~~ 

force for the upper torso was limited by the characteristics ~ 20 

of the bag. Therefore, use of a softer knee bolster appeared o , .., ’ , 
0 50 100 

to be the only available alternative for keeping the upper 

and lower restraining forces well-balanced. 

~Go| 

3~,,~, HEA>ON CRASH 

Another series of crash tests was conducted on an 

~I 

60G 

improved air bag system using softer knee bolsters. The ~ _ A /x,x 

findings indicate that the improved system can allow ~ 
~J 20] 

gentle O waveforms even with severe crash pulses despite 
o ............ ~ 

the shortcoming of the existing dummy. 5o ~oo 
TIME(ms) 

INTRODUCTION Figur.e 2. Seat belt-restrained driver dummy chest G. 

A series of head-on crash tests against a barrier was 

conducted to develop a suitable air bag for small cars. CONCEIVABLE CAUSES OF UNUSUAL 
When the vehicle crash speed was increased from 30mph CHEST G SPIKES 
to 35mph and the vehicle structure modified accordingly, 

unusual spikes began to appear frequently in chest G for Initially, we simply attributed the unusual spikes in 

the driver side dummy. Available data were analyzed by chest G to inadequate energy-absorbing capability of the 

various methods to find why such spikes occur and how air bag system. Therefore a variety of techniques were 

they could be precluded. This report discusses the re- developed to increase the energy-absorbing capability in- 

search efforts that have successfully solved the chest G cluding the use of a larger air bag, increased gas generator 

spike problem, capacity, and a longer stroke for the energy-absorbing 

column. None of them resulted in any appreciable ira- 

AIR BAG/SEAT BELT-RESTRAINED           provement. 
Longitudinal, vertical, and lateral G traces were sep, 

DRIVER CHEST G arately analyzed in relation to the position of the dummy 

from high speed films. The analysis revealed that a vertical 
Figures 1 and 2 present typical chest G for the driver G spike always appeared immediately preceding a Ion- 

dummy restrained by two alternative methods--an air gitudinal G spike. The findings led to the assumption that 
bag and a seat belt--in 30mph and 35mph head-on crash unusual spikes in chest vertical G create big longitudinal 
tests against a barrier. The dummy chest, when restrained G with high peaks and deep valleys. (See Fig. 3.) The 
by a seat belt, continued to show a gentle G waveform dummy’s behavior was carefully examined with particular 
with no appreciable change even if the crash speed was attention given to the movement of its pelvis because this 
increased to 35mph, while with an air bag, it presented region is the only conceivable source of vertical G input. 
another waveform with unusual spikes at 35mph crash 

speed. 

G I 
35mph HEAD-ON CRASH 

G{ 
aOm~ HEAD-ON CRASH 

60i 

-~ 60G ~ 60] 60G 

~! 
LONG. ~ 

204 

20 ~ 0    ~ ~ 
0 50 100 

0 ’ ’ G o ~6o 2o~ 

G    aSr.~ HEAD-ON CRASH                                         VERT,      ~                             , , , .... ~ 

2°1 

o                 50                ~oo                                  -20J                50               100 
TIME(ms)                                                                  TIME (ms) 

Figure 1. Air bag-restrained driver dummy chest G. Figure 3. Typical measured chest G with unusual spike. 
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3,mO..EAO-O, ORAS. Major Factors of Large Hip Joint Bending 
�..9 20 In our crash tests on air bag systems, the dummy’s 
~o ~ __~. _ upper torso was restrained by an air bag, while pelvis was ~’~ °t ~o ’/t’ ’ ~-~ao ..... ~_ ~ held by a knee bolster. The sharp bending of the hip joints 

........ 2°I V is attributable to a large difference between these two 
-~ TIME(ms) systems in developing restraining force. (See Fig. 6.) 

The air bag cannot develop a restraining force as 
Figure 4. Typical measured pelvis G.                      quickly as the knee bolster since the gas inside the bag 

has to be compressed by the dummy to some extent to 
........... produce a sut~cient reaction force. The difference between 

As shown in Figure 4, it was found that the vertical these systems’ initial restraining forces permits the upper 

G for the pelvis has similar spikes as those in the torso of the dummy to move forward substantially more 

chest vertical G. than the lower part in a crash situation. This is probably 

Figure 5 shows another important finding: these spikes why the hip joints bend sharply. 

occur when the hip joints reach their maximum angle As noted earlier, unusual spikes in chest G began to 

due to the upper leg segments firmly contacting the appear after the vehicle crash speed was increased to 

molded pelvic structure. Unlike the dummy, we can bend 35mph and the vehicle structure stiffened as required. In 

over until our thighs touch the abdomen. This suggests other words, a crash of a stiffer vehicle structure at a 

that the existing dummy might have some structural de- speed 5mph faster than the previous level reduced the 

ficiency. The impact occurring under this condition is crash pulse duration. As the crash pulse becomes more 

presumably transmitted to the chest through the steel severe, the imbalance in restraining forces between the 

.............. cable which forms the central core of the lumbar spine air bag and knee bolster systems becomes greater. This 

as shown in Figure 5. is a significant factor affecting hip joint bending. 

RESEARCH EFFORTS TO REDUCE System Improvements to Reduce Hip Joint 
CHEST G SPIKES Bending (Table 1) 

The following paragraphs discuss the system improve- 
...... Chest G spikes might occur, as noted earlier, when the ments we made to reduce sharp hip joint bending and 

dummy’s hip joints are bent to the utmost limit. It was the problems we faced in working out such improvements. 
assumed therefore that the spikes could be removed sim- Several attempts were made to improve the unfavorable 

ply by reducing the extent to which the hip joints bend characteristics of the air bag in developing a restraining 
in a crash test. force. These improvement efforts included the use of a 

larger bag and increased gas generator capacity for faster 
bag deployment. As discussed earlier, however, a series 
of tests revealed that none of these changes resulted in 
any appreciable improvement and at the same time tended 
to increase air bag deployment noise. 

LUMBAR SPINE STRUCTURE 
,,o t2oo 

OLSTER 
z 

EXCESSIVE BENDING ~ UPPER TORSO BAG 
400 

OF HIP JOINT 

O0 100 200 (turn) 

UPPER LEG SEGMENT CONTACT DUMMY DISPLACEMENT AFTER RESTRAINT CONTACT 

WITH PELVIC STRUCTURE 

Figure 6. Typical restraining force of knee bolster and upper 
Figure 5. Excessive bending of hip joint, torso bag. 
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Table 1. Causes and remedies of sharp hip joint bending. 

Causes Re medies Problems 

1 Inadequate air bag capability Use of a larger bag and Larger noises during bag 

to quickly develop a faster deployment deployment 

restraining force system 

2 Greater restraining force of Reduction of the knee Reduced passenger leg 

the knee bolster , bolster’s restraining space in a small 

force by increasing its crush automobile 

We concluded that the only available means to ensure the forward movement of the dummy’s pelvis too 

well-balanced restraining forces for the upper and lower early and causes sharp hip bending. These findings 

parts of the dummy would be to reduce the knee bolster’s suggest that a satisfactory solution to the chest G 

restraining force. Our improvement efforts were then con- spike problem requires the use of a larger, softer knee 

centrated on the development of a modified knee bolster, bolster which has a much smaller collapsing load 
than the allowable femur load limit as specified in 
FMVSS 208. The knee bolster must be installed at a 

KNEE BOLSTER MODIFICATION              proper distance from the occupant to allow sut~cient 

forward displacement of the pelvis. 
A series of 35mph head-on crash tests against a barrier Figure 8 shows typical examples of chest G curves 

using a buck was conducted with kaaee bolsters of different recorded at average femur loads of 1720 lb., 1350 lb., 
hardness levels and sizes installed at different distances and 1100 lb. As is apparent from the diagram, verti- 
from the occupant. The findings may be summarized as cal chest G spikes become smaller, reducing the max- 
follows: As shown in Figure 7, a greater forward dis- imum resultant chest G, as femur load decreases. 
placement of the pelvis results in lower chest G. In 
other words, favorable results can be achieved if the 
knees sink deeper into the bolster. However, when a G AVERAGE FEMURLOAD 
smaller, harder knee bolster is used to minimize the 60 q 

f4~ _Xj.\ 60G required space and is installed farther away from the ~ _ 
occupant to allow a greater forward displacement of 

~ 2o~ 
j 

~G 
the pelvis, spikes in chest G still occur if the bolster’s ~- ;; 
collapsing load exceeds a 1400 lb. level in femur load 
equivalent. A kmee bolster installed closer to the oc- -2o 

t~l " "" "VERTICAL G 

cupant to immediately produce a restraining force 
also fails to preclude chest G spikes because it stops 

G AVERAGE FEMUR LOAD 13501bs. 

G                           / HARD KNEE BOLSTER 

~ FARTHER AWAY 
Ail \_ FROM THE OCCUPANT 2 

/ 
SOFT KNEE BOLSTER ~ 

"~ CLOSER TO THE OCCUPANT 
"~ -20 

~’~ 
~ ~"~ VERTICAL G 

~03 4,0 FROM THE OCCUPANT 

L) 60 60G 

G 

oT_.  
150 2 250(ram) .......... " ...... ,.,’ "÷., 

PELVIS FORWARD DISPLACEMENT                                                    -20 TIME(ms) 

Figure 7. Pelvis forward displacement vs. chest G. Figure 8. Typical chest G with different femur load. 
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ORIGINAL 
¯ 

!;~, ~:.~ 1 6 
20 ~/.~.._~_~..~.~.~ ~J" 

~~ 

RWARD 

c 50 100 

G 35mDb HEAD ON CRASH 

60~ 60G 

KNEE BOLSTER 

y~i~ 
MODIFICATION 

20~ 

~._.~.......,~__ ~ ~ 16"’ AFTER KNEE BOLSTER MODIFICATION 
o 

o 50 lOO 3 2"PRESENT PRODUCTION VEHICLE 

TIME ms~ 

Figure 9. Effects of knee bolster modification on chest G. Figure 10. Required seat positioning. 

FULL-SCALE CRASH TESTS bag system that produced good results. Unusual spikes 
in chest O traces appearing when the dummy’s hip joints 

Some full-scale crash tests were performed to demon- are bent to the utmost limit are very likely to occur in 

strate the effects of the above remedies for chest G spikes, small automobiles that have severe crash pulses. The ira- 

Figure 9 shows the chest G traces recorded before provement of the restraint system discussed in this report 

and after the improvements were made in the knee required the use of a larger knee bolster. Therefore the 

bolster. As expected, the results are similar to those front seats had to be moved rearward to give the driver 

of the buck tests; no unusual spikes appeared in chest sufficient leg space to freely to operate the control pedals. 

G. The improved restraint system produced acceptable This unfavorably affected the interior layout of the car 

head and chest G and femur loads in a 35 mph head-on as the rear leg space was reduced substantially. (Fig. 10) 

crash test against a barrier. (See Table 2.) Installing an air bag system in an existing small vehicle 
design will drastically impact its basic layout and utility. 

CONCLUSION 
REFERENCES 

The modification of knee bolster characteristics enabled 
us to prepare an experimental vehicle with a driver air 1. D. Theodore Zinke, "Small Car Front Seat Occupant 

Inflatable Restraint System, Volume II Citation Air 
Bag Systems". 

Table 2. Test results with air bag systemwresearch stage 2. H. T. E. Hertzberg, "The Anthropology of Anthro- 
(35 mph head-on crash), pomorphic Dummies", 13th STAPP Car Crash Con- 

Driver ference. 

3. Gerald W. Nyquist and Clarence J. Mutton, "Static 
Femur load Jibs] 

HIC Chest G Bending Response of the Human Lower Torso", 19th 
Left Right 
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859 58.5 1790 1416 and Albert I. King, "Dynamic Characteristics of the 
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Human Spine During - Gx Acceleration", 22nd 
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On the Optimum Parameters of a Seat Belt Pre-loading Device 

KOJI KURIMOTO, HAYAO HIRAI and celeration in the passenger compartment around the end 

TSUTOMU SUGAWARA of vehicle deformation. 

Toyo Kogyo Co., Ltd. The conventional anthropomorphic dummy is treated 

as a two dimensional, five mass mathematical model, 
whose validation is made as follows. First, various pa, 
rameters of the mathematical model are adjusted to obtain 
agreement with the actual sled test results, for the case 

The effectiveness of occupant restraint system is gen- where the dummy is restrained by the 2-point diagonal 
erally reduced as the impact velocity of vehicle increases, seat belt without pre-loading device. Second, the results 
The addition of a pre-loading device to seat belt system by the computer simulation with the parameters thus 
has been proposed as one of useful measures to this kind determined and those by the actual sled test are compared 
of degradations, for the case where the pre-loading device is activated, 

This paper proposes the optimum selection of activation resulting that the computed results are in good agreement 
time and level of load produced by the assumed pre- with test results. Then, computer simulations are made 
loading device in case of 2-point diagonal seat belt system to find the optimum parameters for the pre-loading de- 
with knee bolster on the frontal impact at 40mph. vice, employing the mathematical model of the afore. 

The two dimensional, five mass occupant mathematical mentioned characteristics. 
model is developed and the validation of the model is 
carried out by adjusting various parameters of the model 
in comparison of the simulated results with those of the MATHEMATICAL MODELING 

actual sled test, where a typical pre,loading device is General Description 
employed. 

The set of optimum parameters of pre-loading device A two dimensional, five mass model is employed, the 

is derived in relation to the level of HIC (head injury schematic of which is shown in Figure 1, since a dummy 

criteria) and the displacement of occupant through the makes a virtually two dimensional movements on frontal 

computer simulation of this kinematic model, collision, and a modeling of unnecessarily complicated 
design would make characterization and input to the 
model excessively complex. Here, the front seat passenger 
is dealt, since it is generally difficult for the driver to 
avoid impact against the steering wheel, making it nec- 

On frontal collision at higher impact speed, so called essary to consider the energy absorption of steering system 
"spool out" and additional elongation of the webbing by the occupant. 
reduce the restraint capability of seat belt system with This mathematical model is provided with toe board, 
retracting device. As one of the measures to avoid this, seat, and knee bolster. These surfaces are to make inter- 
a pre-loading device is proposed which retracts a certain action with parts of the dummy expressed as circular 
length of webbing during the first few milliseconds of a segments, generating friction force on contact. The char- 
crash (1). acteristics of seat belt are mathematically adjusted on two 

The effectiveness of pre-loading device, in correspond- dimensional plane by designating the relative anchorage 
ence to a target velocity where its maximum effectiveness locations and the actual elongation of the webbing. The 
is obtainable, varies substantially depending on such pa- seat belt on the mathematical model is to contact with 
rameters as its activation time and the level of load pro- the dummy model at two points, generating friction force 
duced. In this respect, this paper discusses the selection at respective point. 
of these optimum parameters at the impact velocity of 40 
mph, as the improvements of the restraint capability could 
be attainable with rather conventional manner below this Dummy Characteristics 

speed. By referring to the geometric, inertial, and joint char- 

As a typical case, a 2-point diagonal seat belt system acteristics of Part 572 Hybrid II dummy described in 

~vith knee bolster is considered, where the anchorage lo- publications (2-3), and by conducting some measure- 

cations are selected based on a certain 4-door sedan. In ments, dummy characteristics are determined. The neck 

addition, the vehicle deceleration profile selected is a half- joint characteristic, as a representative example, is shown 

sine curve simulating a result of actual crash test of the in Figure 2, where the torque versus rotational movement 

vehicle that does not tend to undergo a large peak de- is nonlinearly represented with angular velocity depend- 
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1000 

Front view 

Head 

R6          NecK 
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4 
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~2 

i .Ill .ll \ i    i    ~ ~                         Z 
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IRIR6 

Figure I. Schematic of mathematical model. 

ent hysteresis. Similar approaches are made in determin- The knee bolster is represented by a plate, where the 

ing the characteristics of other joints, force versus deflection is nonlinearly represented with 
hysteresis. A typical characteristic is shown in Figure 4, 

Characteristics of Restraint Components 

The seat cushion is represented by a plate on two ver- 

tical nonlinear resistances, one of which is fixed at the 

front end of the plate. The other is connected at the 

bottom of the dummy’s hip, making it possible to move’ 

forward with the hip displacement. These characteristics, 

whose typical examples are shown in Figure 3, are de- 

termined by pressing the seat cushion with hip-shaped 

ram. 
400 - 

I 
60 

A~-~6o ~ 1.0rad/sec           O 

/,~1 
f 40~ Sl~69=0.Srad/sec 

2 2o 

~’~/Backward ,Forward, .~,~,.....~-. , 

~--~0 -40 -60 100 

’-20 Deflection-degree              0 20 40 610 810 ~11~)0 1~0 t~0 

Vertical deformation-rnm 
. -40 

Figure 3. Representative seat cushion (rear part) charac, 
Figure 2. Representative neck joint characteristic, teristic. 
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Chest detorrnat~an 

/ 

S~oo~ out ot ~etracto[ 

EIongabon of webbing 

1400q t Resultant elongabon 

1000 - 12oo 

1000    t 

800 - 
800, 

6oo- I 

o 

C 5 ~0 15 20 25 30 

Figure 5. Representative seat belt system characteristics. 
0, 

I 
0 50 1 O0 150 

Deformation-mm Seat Belt System with Pre-Ioading Device 

As a result of the aforementioned mathematical com- 
Figure 4. Representative knee bolster characteristic, putation for the case without pre-loading device, the time 

sequence can be plotted on the load versus elongation 

characteristics of a seat belt system as shown in Figure 

7. Respective time on the plot is utilized to specify the which is determined by pressing a knee-shaped ram on a 

knee bolster, activation time of a pre-loading device. Once this acti- 

The load versus elongation characteristics of the seat 

belt webbing between upper and lower anchorages is also 

nonlinearty represented with hysteresis. This character- 

istic is determined as the combination of the following 

three characteristics, whose typical example is shown in ~ Head displacement ) 

Figure 5: Test 

--Elongation characteristic of seat belt webbing is de- ---- Simulation 

termined by the method stipulated in FMVSS 209. Foward displacement-ram 
--The "spool out" of seat belt webbing taken up in the 600 400 200 

retractor is determined by measuring the actual spool 

out characteristics. 

Deflection characteristic of chest on interaction with 
seat belt at Part 572 Hybrid II dummy is determined 

by such method as described in the literature (4). o0 

VALIDATION OF MATHEMATICAL MODEL 

Seat Belt System Without Pre-loading Device ( Head resultant acceleration ) 

A computer simulation is executed at 33.5 mph with Test (HIC 608) 

the aforementioned characteristics, resulting smaller head .... Simulation (HIG 577) 

displacement and larger HIC value compared to actual 
~, 
8o]~ 60 

/~-., 

sled test results at the same velocity. The reason for this 

is substantially because, in actual test, the dummy’s ro- ~ 40 

tational movement toward sideways causes the head to 
~ 

20 
._~., move forward, whose effects is not taken into account on < 0 

this mathematical model. 
0 5o too 

To compensate this inconsistency the elongation char- 
Time-msec 

acteristic of the seat belt is partially adjusted. As the 
consequence, the computation yields results in good 

agreement with those by the actual test, as shown in Figure 6. Comparison of the results between simulation and 
Figure 6. test (without pre-loading device). 
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with pre-loading device (To=f5msec, F=150kg) 

/- without #re-loading device 40"~ 

0 5 I0 1; fO 25 ~ 35 40 45 <    0 

~o.~o,,-~o 0 50 160 

Time-msec 
Figure 7. Representative seat belt system characteristics 

(with an6 wffhout ~re-loa6in~ 6~viea). ~i~ure 9. Crash ~ulse. 

vation time and a particular extraction force produced by the shaded horizontal lines which implies the target HIC 

........ a pre-loading device are specified, the characteristic curve level and the permissible head displacement short of con- 

....... is shifted along the horizontal axis as the elongation in- tacting a forward interior object. Here, the target HIC 

creases in correspondence with the load. level is specified at 800 and the permissible head dis- 

This procedure is used to provide the load versus elon- placement is set at 600 mm, assuming probable contact 

gation characteristics of the seat belt system with a given with the instrument panel beyond this value. 

pre-loading device of specific parameters. Figure 7 also Since this simulation model is made without instrument 

presents an example of the characteristics of the case panel, the calculated HIC level registered is low, even 

where the activation time is 15 msec and the extraction when head displacement exceeded the permissible level. 
force is 150 kg. In actual situations, however, a higher level as shown by 

To compare the results by computation with those by broken line in Figure 11 would be assumed to result, once 
experiment, an actual sled test is run at 36.3 mph, where when the head is brought into strong contact with the 

a typical pre-loading device which produces the maximum instrument panel. Consequently, it is important to hold 
load of 150 kg is installed as shown in Figure 8 and the head displacement to below the permissible level. 

........... activated at 15 msec. Then, Computer Simulation with It is observed, in Figure 11, that both HIC and head 

the aforementioned parameters is executed at 36.3 mph, displacement are decreased as the activation time is re- 
where a half-sine acceleration profile similar to the actual duced and the load of the pre-loading device is increased. 
crash pulse for the test above is set as shown in Figure 
9. The results thus obtained show in good agreement with 
those by the actual sled test, some typical examples of ( Head displacement 
which are shown in Figure 10. , Test 

.... Sirdulation 

Foward disptacement-mm 

OPTIMUM PARAMETERS AT 40 MPH 
600 400 200 

various combinations of activation time and load of the 
~ pre-loading device, thus to clarify the influence of param- 

eters on HIC level and head displacement, the results of 
which are shown in Figure 11. Figure 11 also indicates > 

(    Head resultant acceleration 

Test      (HIC 393) 

.... Simulation (HIC 452) 

801 

20 

device 0 
(activated at 15msec) 0 50 100 

Time-msec 

Figure 10. Comparison of the results between simulation 
Figure 8. Schematic of pre-loading device installation, and test (with pre-loading device): 
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First, the acceleration profile at 36.3 mph, as shown 
(f HeaO Iowa,d_ d,sp*~a .........           . ] Ac,,va~,oot,me                    in Figure 9, was doubly integrated with respect to time, 

~~ .... resulting the force versus deformation characteristic. 

Then assuming one dimensional, one mass and one spring 

~ 
................ P ........ b~e ~ev~, model whose spring rate is given by the abovementioned 

characteristics, the acceleration profile at 25 mph is ob- 

tained as response of the mass on impacting the model 

into the fixed barrier at 25 mph. Generally, the activation 

time of pre-loading device comes to be rather late as the 

impact velocity of the vehicle decreases. In this case, it 
o-~-- . ,--~ is assumed to be 25 msec rather arbitrarily, since the 

Load ~,o~u¢~ by p~e.4oad,ng dev,ce-kg precise value depends on the specific sensing device for 

~__~ 
the pre-loading device. 

............ With this assumption and load produced by the pre- 

........ ---~ .... loading device to be 220 kg as before, a computer sim- 
..... ~ ~-o, .... 

! on head contact 
..... ~ ~ ~.,,, ot,~, o,,~,t~ ulation is executed at 25 mph. It is demonstrated as the 

,~. ~ result that the ore-loading device is still effective in re- 

~ Ao,,~at,oo ducing HIC and head displacement at 25 mph, too, as 
~o,0- 

~ .. . ~0~eot’~e shown in Figure 12, thus indicating that the parameters 

~~~’""~"’"~"’ " .............. ~" ............... ’~ ............... ~ ............................... ~’~’ ~’ specified for 40 mph would have no adverse effects in 

~ x~ 
t I ~’~....~ low speed collisions. 

~ ~ --~===~===~ L0,~ SUMMARY 

/ J- (1) A two dimensional, five mass mathematical model 
/ ~ ,,~ ~o ~ ~ ~® ~ ~® ~o 

can be used effectively to estimate such response as HIC 

and head displacement occurring at actual impact test. 
Figure 11. Influences of 0re-loading device at 40 mph sim- (2) The computer simulation is an effective tool to 

ulation, 
determine the optimum parameters of a pre-loading de- 

vice with respect to activation time and load. This dO- 
However, there is restriction against the load parameter preach could be applicable to various types of seat belt 
to keep the HIC and the head displacement under the system, anchorage locations which vary with vehicle gee- 
respective permissible levels. Namely, it is said that the metric features, and vehicle body deformation character- 
number of rib fractures increases as the load produced istics. 
by seat belt increases, and there is an instance where rib (3) On the simulated 4-door front drive car presumed 
fracture was suffered at as low a shoulder load as 200 kg to suffer deformation at an impact velocity of 40 mph, 
or so, according to tests using human cadavers (5), and the optimum parameters of the pre-loading device are 
the higher load produced by inadvertent activation of the proposed to be activation time of 15 msec and load of 
ore-loading device could lead to driver’s error in vehicle 220 kg. 
operation. There is also restriction against the activation 

time to maintain the sensing reliability. 

Thus, in the example cited, it is considered that the 

load produced by the pre-loading device should be held         [-~ 
to below 220 kg. With this condition, the activation time 

is required to be less than 15 msec, as shown in Figure 

11. to meet the target of both HIC and head displacement. 
~o, 

~ 
~o~1 

40, ~ 40 __ 

PERFORMANCE AT LOW SPEED ~ ~oo~ 
o ~ 

200" 

Computer simulation is executed on an impact velocity 

of, as an example, 25 mph, to observe the feasibility of 

the ore-loading device with the optimum parameters ob- 

tained at 40 mph. The sled acceleration profile for the 
above-mentioned 40 mph was rearranged to that for 25 Figure 12. SWimulated effect of pre-loading device at 25 
mph as follows, mph. 
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(4) The aforementioned optimum parameters obtained REFERENCES 
from the computer simulations seem to have no adverse 

effects at lower speed collisions and to be still effective 
1. W. Reidelbach and H. Scholz, "Advanced Restraint 

in reducing HIC level and head displacement. 
Thus it is observed that the pre-loading device is ef- 

System Concepts", SAE paper No. 790321, 1979. 

fective to the extent of a typical frontal collision studied. 
2. R. P. Hubbard and D. G. McLeod, "Geometric, In- 

To put it into practical application, however, further ex- 
ertial, and Joint Characteristics of Two Part 572 Dum- 

tensive technical development has yet to be made, in 
mies for Occupant Modeling", 21st Stapp Car Crash 

addition of consumer acceptability, on such areas as elim- 
Conf., SAE Paper No. 770937, 1977. 

ination of occupant’s uneasiness at activation of explo- 3. B. M. Bowman, R. O. Bennett, D. H. Robbins and J. 

sives, sensing reliability for the activation only when it is W. Becker, "MVMA Two-Dimensional Crash Victim 
Simulation, Version 4, Volume 1-3", HSRI, 1979. 

necessary, and ensuring reliability of the complex system. 
4. D. C. Viano and C. C. Culver, "Test Dummy Inter- 

action with a Shoulder or Lap Belt", 25th Stapp Car 
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Mathematical Models for the Assessment of Pedestrian Protection 
Provided by a Car Contour 

J. WISMANS and J. van WIJK risk of being fatally injured in a road accident as a car 

Research Institute for Road Vehicles TNO occupant. In recent years trat~c safety research has con- 
centrated more and more on the problem of pedestrian 

Delft, The Netherlands accidents. 
Since the end of 1980 three research institutes: Bun- 

SUMMARY desanstalt f’tir Strassenwesen (BASt), Organisme National 
....... de S6curit6 Routi~re (ONSER) and the Research Institute 

Injuries sustained by pedestrians struck by the front of for Road Vehicles (IW-TNO) have co-operated in the 

cars are dependent on the profile and the local stiffness field of pedestrian safety. The aim of this study is to 

characteristics of the vehicle. Mathematical Crash Victim propose a standardized test methodology that can be up- 

models, if well-validated, could provide a suitable method plied to pedestrian safety tests carried out for research or 

for the assessment of pedestrian protection provided by for compliance testing of passenger cars. 
different car contours. A part of this project was the formulation of a math- 

In this presentation, first a review will be given of a ematical model of a pedestrian during an impact. Several 

number of existing pedestrian models along with the as- advantages of mathematical models are the exact repro- 

sociated validation studies. On the basis of this review ducibility of a simulation, the absence of measuring prob- 
and results of recent accident analysis studies a series of lems and the possibility to conduct sensitivity-analyses in 

pedestrian models with varying complexity were devel- a simple, rapid and inexpensive way. 
oped using the Crash Victim Simulation Program MA- This study was conducted with the MADYMO pro- 

DYMO. gram package, developed at the Research Institute for 
The predictions of these models are compared with Road Vehicles TNO, Delft, The Netherlands. A descrip- 

experimental results for two impact velocities and the tion of this package, along with several examples of up- 
reliability with respect to their complexity is discussed, plications can be found in (11). The main features of this 

package can be summarized as follows: 

INTRODUCTION --a compact FORTRAN source which can be imple~ 
mented on small computer systems; 

Pedestrians are among the most vulnerable trat~c par- --a 2D and a 3D option; 
ticipants. A pedestrian runs more than twice as high a --a variable number of linkage systems; 
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--a set of standard force interaction routines; between 2D and 3D models. This last type of models, in 

--easy incorporation of user defined subroutines for general, will be more realistic since the kinematics of a 

specific force interactions and user defined output, pedestrian impacted by a car are found to be of a three- 

dimensional nature. However, such a 3D model is much 
In this paper, first a brief review will be given of a more complicated and in addition a lot of extra input 

number of existing pedestrian models along with the as- 
data has to be defined. 

sociated validation studies. On the basis of this review 
A CVS-model consists of a series of rigid bodies, con- 

and results of recent accident analysis studies a series of 
nected by hinge or ball-and-socket (3D) joints. The hum- 

three pedestrian models with varying complexity were 
ber of elements in the various models is included in Table 

formulated. The predictions of these models will be com- 
1. 

pared with experimental results with an Audi 100 for two 
In most of the models, the vehicle is represented by a 

impact velocities, namely 30 and 40 km/h. 
number of straight line segments (2D) or planes (3D). In 

the PROMETHEUS 2 model, however, interconnected 

REVIEW OF MATHEMATICAL segments are used for the simulation of the vehicle con- 

PEDESTRIAN MODELS tour. The position of these segments can be defined by 

means of an auxiliary program, which transforms the 

input parameters into a finite element model of the ve- 
In this section a literature review will be presented hicle. The user can define the hood-contour by a skewed 

concerning existing mathematical models for the simu- 

lation of car-pedestrian collisions, 
hyperellipse. 

Most of the mathematical models for pedestrian col- 
Table 1 summarizes the source and background of ten lisions are limited to the impact of the pedestrian with 

models that were analyzed. The models are numbered 
the vehicle. Ground impact is not considered in these 

according to the numbers in the reference list. Four 
simulations. Reasons for this are (6): 

models are based on the CALSPAN CVS program. These 

models are not identical since different versions of this --a meaningful simulation of the secondary impact is 

computer program were used and modifications were in- extremely difficult since inaccuracies in the simula- 

troduced by the users. The PRAKIMOD model is based tion of the primary impact will strongly affect the 

on the MVMA-program. pedestrian kinematics in the secondary impact; 

In Table 1 the main characteristics of the models are in the airborne phase the pedestrian has time for 
summarized. A first distinction which can be made is voluntary muscle action; 

Table t. Summary of ten pedestrian models. 

Ref. author/model Year 2D/3D Number of Institute 
segments 

1 Transportation 1971 2D 3 Cornell Aeronautical Laboratory (USA) 
Research Department 

2 GIScker 1973 2D 1 Institut for Kraftfahrzeuge, Technische 
Universit&t Berlin (Germany) 

3 Kramer 1974 2D 3 I nstitut f(~r Kraftfahrzeuge, Technische 
Universit&t Berlin (Germany) 

4 Mac Laughlin 1974 2D 4 National Highway Traffic Safety 
Administration. U.S. Dept. of 
Transportation (USA) 

5 Young, 1975 3D 12 Texas Transportation Institute, Texas 
TTICVS A&M University (USA) 

6 Twigg, 1977 2D 11 Boeing Computer Services Inc. (USA) 
Prometheus 2 

7 Fowler, 1976 3D 15 British Leyland Limited (Britain) 
Calspan 3-D CVS, version ttl 

8 Padgaonkar, 1977 3D 15 Biomechanics Research Center, 
Calspan version I11 Wayne State University, Detroit (USA) 

9 Lestrelin, 1980 2D 8 Laboratoire de Physiologie et de 

Prakimod (MVMA) Biomecanique de Peugeot S.A./ 
Renault (France) 

10 Cotte, 1980 3D 15 Laboratoire de chocs et de 
Calspan version III Biom6canique ONSER (France! 
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--the simulation time must be increased from 200 ms In most studies model predictions have been compared 
to about 1000 ms resulting in a considerable increase with experimental results in order to get an impression 
of computer costs, of the reliability of the models. Table 2 summarizes some 

of the test conditions used for validation of the various 
In addition it follows from accident analyses that the 

models. The last item of Table 2 is the type of data used 
secondary- impact in general causes less severe injuries 

for validation. 
than the primary impact (Ashton (12), Mackay (13)). 

The degree of validation, however, differs strongly in 
For the interaction between pedestrian and vehicle 

the various studies. Some models are not validated at all 
three types of contact models are used: 

(models 2 and 4); others are compared with several ex, 
--in models 2 and 3 contact interaction is based on periments for a number of conditions. The first column 

........ the classical theory of collisions between two rigid shows the pedestrian surrogate used in the test. Most 
bodies. According to this theory the impact time is researchers have concentrated on dummies, because these 
taken as zero. Consequently force and accelera- are a relative easily accessible source for model input data. 
tion time histories during the impact phase can- Measurements of masses, moments of inertia, joint- 
not be evaluated by this type of model; torques, etc. easily and accurately can be carried out at 

......... win model 6 (PROMETHEUS 2) the vehicle contour dummies. Padgaonkar (8) has simulated cadaver exper- 
.......... is represented by an arbitrary number of intercon- iments. One of the differences between his dummy, and 

nected segments; cadaver-model was in the knee-joint: a hinge-type for the 
--in the other models description of the contact is based dummy and a ball and socket joint for the cadaver in 

on interactions between contact surfaces (lines, order to admit lateral deflection. 
planes, ellipses, etc.) connected to the vehicle and The orientation of the pedestrian, in these tests, varies 
the predestrian. Whenever a positive penetration from frontal via oblique to lateral (see Table 2). Simu- 

.......... between contact surfaces is detected, normal and lation of a lateral or oblique impact in general will be 
friction forces are calculated. Force-penetration more difficult than a frontal impact, due to the more 
characteristics have to be defined and are based on complex three-dimensional motions. Twigg, for instance, 
measurements or assumptions. Realistic simulation (model 6, 2D) observes that the elbow of the pedestrian 
of contacts between pedestrian and sharp edges (e.g., can act as a lever to vault the torso up over the hood, 
between lower leg and bumper) may cause problems thus reducing the injury incurred by the head and torso. 
in this type of contact models (7). Table 2 also summarizes the cars which were used in 

Table 2. Validation of the models. 

Pedestrian Velocity Validation 
Ref. Pedestrian orientation Vehicle (km/h) criteria 

1 50th % male Frontal Ford Galaxie 16 gross motion 
child dummy 1966 

gross motion 
3 50th % male Frontal -- 36 throwing distance 

5 6-yr Sierra dummy Frontal Mock-up * gross motion 
5th % Sierra dummy female Oblique accelerations 
95th % Sierra dummy male 

6 Part 572 modified Lateral Impala 1974, 32 accelerations 
6-yr child dummy Test bucks 

7 Ogle OPAT Lateral Leyland cars 16,32 gross motion, 
SRV2 Marina accelerations 

8 95th % Sierra dummy Lateral Chevrolet 1973 22,24) gross motion, 
Frontal 30,39)** accelerations 

9 50th % dummy Frontal Ford Fairlane 16,28,33,40 trajectory head 
Renault 5 36 
Honda N360 43 
Peugeot 204 40 
Opel Kadett 45 
Peugeot 304 22 
Citroen GS 43,48 

10 ONSER 50 Frontal Citroen Visa 20,25 gross motion, 
head impact 

¯ Drop tests on mock-up. Drop height 0,4-0,8 m. 
¯ *In addition four cadaver tests and drop tests of Young (5). 
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the experiments as well as the impact velocity. The fact 

ZO_ 
o -JOint that different validation criteria are used prevents an ad- - " 

equate comparison of the reliability of the several models. 
]t z t(m) 2 -segment    5-segment 7-segmenf 

Most researchers stress in their conclusions the im- 
portance of the contact model. The contact model must | 

10 15 

be able to cope with the problem of edge-contacts, as well 
as inertial effects. Another crucial point is the description 
of the joints. Inelastic failure and dynamical effects 
(damping) must be taken in account. Both the contact 
and the joint-model must be based on realistic, preferably 
measured, input data. 

MADYMO 2-DIMENSIONAL PEDESTRIAN 
S~MULATIONS 

Based on the preceding literature review of existing 
pedestrian models and results of several recent accident m) 5 

analyses, a number of requirements were formulated for 
simulations of pedestrian-vehicle impacts with the general Figure 1. Geometry and contact-ellipses of resp. 2-, 5- and 
CVS program package MADYMO. The literature study 7-segment model. 

did not show a clear relationship between the complexity 

of the different models (i.e., number of elements, 2D where ea and eb are the semi-axes of the hyperellipse and 
versus 3D) at the one side and their reliability at the other n the degree (see Fig. 2). If n = 2, this equation describes 
side. One of the aims of our study therefore was to get a standard ellipse; however, if n increases, the hyperellipse 
first a better insight in this problem. It was decided to approximates more and more a rectangle as is shown in 
develop several models with a differing complexity. Three Fig. 2 for n = 8. This geometrical description is partic- 
models are presented which were formulated with the 2D ularly of interest for the representation of the car and 
option of MADYMO. In a future study (14) results of bumper geometry, since vehicle edges quite well can be 
3D-simulations will be presented, approximated in this way. A more detailed description 

The simulations are limited to the primary impact (pe- of hyperellipse contact models will be presented in ref- 
destrian-car contact) and are concerned with lateral im- erence (14). 
pacts, since this is the most frequent type of impact The three models presented were applied to simulate 
observed in pedestrian accidents (12). The three models a pedestrian impact with a vehicle of the type Audi 100, 
have 2, 5 and 7 segments, respectively, as is shown in The geometry of this vehicle is represented by two hy, 
Figure 1. The same contact ellipses are attached to the perellipses: one for the bumper and one for the hood (see 
2- and 5-segment model. In the present models the arms Fig. 3). The vehicle dimensions were determined from 
are not incorporated as separate segments: a part of the 
mass of the arms is added to the mass of the thorax 

scale drawings and measurements. 

segments. 
The input data set describing the pedestrian (e.g’, the 

geometry, mass distribution and joint characteristics) are 
derived from a standard data set of a Part 572 50th 
percentile male dummy, which itself is based on a number 
of measurements conducted in our laboratory, 

b 

One of the most important aspects concerning the sim- t 

ulation of pedestrian accidents is the representation of 
the contacts between vehicle and pedestrian, especially , eo 

for the edge-contacts. A special contact model was de- 
veloped in which the external geometries of pedestrian 
and vehicle are simulated by hyperellipses. A hyperellipse 
is a general form of a standard ellipse and can be described 
by the following equation: 

~a 
+ ~-~ = 1 Figure 2. Hyperellipses with identical semi-axes, n = 2 and 

n=8. 
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km/h and the car deceleration 6 m/s2: At each impact 
10 7 z(m) velocity three tests were conducted. 

] 
i~-~ 

The dummy position before impact is shown in 
....... ~ Figure 4. This position was selected after several pre- 
........ tests. In these pretests it could be observed that in 

05 case of a pure lateral impact no direct head-hood 
contact occurs due to the stiff neck and shoulder as- 
sembly of the part 572 dummy. Since head-impact 
was desired in these tests the dummy torso was 

......... O0 , , 
slightly rotated (25°) causing the dummy to rotate 

......... 00 05 110 1.~5 20 around its vertical axis during impact and resulting in 
- y(m) a direct head impact. The geometry of the ellipses of 

the pedestrian model was selected in such a way that 

Figure 3. Geometry of Audi 100. they approximate the projection of the geometry of 
the rotated dummy on the plane of simulation. 

Experimental results of these tests will be presented in 
Dynamic force-deflection characteristics ofthebumper, 

the next section together with mathematical model re- 
hood and hood edge of the Audi 100 vehicle were deter- 

suits. 
mined experimentally by the BASt (Bundesanstalt fiir 
Strassenwesen). Pendulum tests with a rigid wooden pen- 

RESULTS 
dulum were used for the bumper and the hood edge. This 
pendulum was equipped with an accelerometer, while the Figure 5 shows model predictions for the kinematics 
vehicle deflection was measured with a linear transducer, resulting from the 7-segment pedestrian model in a 40 
mounted in the car. The pendulum mass was 10 kg for km/h impact. A good agreement in general between 
the bumper impact and 15 kg for the hood edge while model and experimental result could be observed. A corn- 
the impact velocity was 25 km/h in these tests. For the parison of predicted trajectories of the head, chest, pelvis 
hood instead of a pendulum test a drop-test was used. and foot relative to the vehicle, resulting from the 2-, 5- 
The impacting body was a rigid wooden sphere with a and 7-segment model, is presented in Figure 6 (30 km/h 

.......... mass of 5.25 kg and an impact velocity of 30 km/h. impact) and Figure 7 (40 km/h impact). Locations of the 
head impact point on the hood predicted by the various 

VALIDATION TESTS models are summarized in Table 3. All models appear to 
predict this location within or close to the range of ex- 

The mathematical model results are compared with a 
perimental results. 

Table 3 includes model predictions and experimental number of dummy tests, which were conducted by the 
results for the head impact velocity just before impact 

BASt. The dummy in these tests, a 50th percentile male, 
Part 572 was equipped with triaxial accelerometers in the with the hood. Both the 5- and 7-segment model appear 

head, chest and pelvis and uniaxial accelerometers in the to predict too high values for this quantity compared to 

knees and feet. Test velocities were taken 30 and 40 
experimental observations. 

Figure 8 presents model results together with experi- 
mental data for the knee, pelvis, chest and head accel- 

erations in a 40 km/h impact. Results are given for the 
2-, 5- and 7-segment model respectively. For the pelvis, 
chest and head, resultant linear accelerations are pre- 

0 ms_ 10 ms 
r20 ms : r3o ms 

gO ~s 

50~s ~ms 70ms ~Oms 

I 
¯ 

100 ms !10 ms 120 ms 130 m~ gO ms 

Figure 4. Dummy position at impact. Figure 5. Kinematics of 7-segment model, v = 40 km!h. 
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sented and for the knee joint the linear acceleration in 
2,0 

zlm) ..... 2-segment lateral direction. It follows that the simple 2-segment 
.... 5-segment model gives quite reasonable results for the acceleration- 

7-segment time histories (i.e., these accelerations appear to be in or 
15- close to the experimental corridors). Application of the 

5-segment model does not result in better predictions for 
the knee and pelvis acceleration. A small improvement 

1~0 ~, of the head and chest acceleration-time histories, however, 
can be observed particularly for t < 20 ms, where head 
and chest acceleration become smaller and more corre- 

0,5 spending to the experimental observations. The peak head 

acceleration, however, becomes too high in this simula- 
tion. 

’ Extension of the 5-segment model with 2 segments in 0o~ .... 
oo o 5 11o 15 2’o 2’,5 order to represent the left and right leg separately in the 

~ y (ms) model, results in a more realistic prediction of the knee 
accelerations. Also, the alignment between model and 

Figure & Trajectories of 2, 5 and 7 segment models, v = experimental head and chest accelerations appears to be- 
30 km/h. come more realistic now. 

A comparison of bumper load-time histories for the 40 
km/h impact, predicted by the 5- and 7-segment model, 
respectively, is shown in Figure 9. Due to the introduction 
of a second leg in the model, peak bumper loads are found 

20 ..... 2-segment to decrease by about 25%. Furthermore, the curve has 

zim) 

--- 5- segment two peaks. The bumper loads resulting from this model 
" 7- segment are more close to the results of experiments than results 

15 ~; from the more simple models. 

1 Accelerations predicted by the 2-, 5- and 7-segment 
models in a 30 km/h impact showed in general the same 

" characteristics as in the 40 km/h impact. The agreement 
1.0- H between model and experiment in this impact was found 

to be less, however, than in the more severe 40 kmih 
impact. 

05- A limited sensitivity study was conducted to analyze 

the response of the 2-, 5- and 7-segrnent models to var- 
iations in some of the model input parameters. Two dif- 

00 ferent series of variations will be presented here. 
O0 05 10 1,5 2.0 2.5 

¯ . y(ms) The first seres concerns a change on the stiffness of 
the bumpers by +25% and --25% respectively. Results 
of these calculations are summarized in Table 4. It follows 

Figure 7. Trajectories of 2, 5 and 7 segment models, v = 
40 kmih. that the 3 models predict an almost identical relative 

Table 3. Head impact velocity and head impact point for three mo.tels, along with experimental results. 

Model Experimental 
2 segment 5 segment 7 segment test-range 

v = 30 km/h 
resultant head-impact 9.1 12.3 12.0 6.7-9.2 
velocity (m/s) 
distance head-impact .91 .90 1.02 0.82-1.00 
point/hood-edge (m) 
v = 40 km/h 
resultant head-impact 12.7 16.6 15.8 11.2-12.5 

velocit3,, (m/s) 
distance head-impact .96 .95 1.08 1.00-1.07 

point/hood-ed@e/m) 
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Figure 8. Accelerations of knee, pelvis, chest and head for a) 2-segment, b) 5-segment and c) 7-segment model (-- = model, 
-- = experimental corridor) in a 40 km/h impact. 

change in peak bumper loads. However, predictions for A second series of variations is concerned with the 
the relative change in accelerations of the impacted leg friction between foot and ground. In the reference sim- 
(i.e., foot and knee accelerations) are found to be strongly ulation (Audi 100, 40 km/h impact), the friction coeffi- 
dependent on the number of elements in the model. In cient was taken 0.7. Table 5 shows the results of a series 
the models with a greater number of elements, the peak of simulations in which the friction between ground and 
foot and knee accelerations are found to be much more foot is omitted. Predictions of the three models for most 
sensitive to changes in the bumper stiffness, of the output quantities are found to be close to each 

other. The influence of this variation in general is minor: 

force (N) bumper force and foot acceleration are somewhat lower 

zoooo 
I 

and the knee acceleration becomes higher. 

15000 

DISCUSSION AND CONCLUSIONS 
10000 

S-segment             7-segment                 Mathematical simulation of the highly complicated 

5ooo ~ gross motion of the human body impacted by a vehicle 
has gained increasing importance in the past years. A 
brief literature review was given of various pedestrian 

o so lOO ~oo so ~,~o 1~o models along with the associated validation studies. 
~ time (ms) 

These models varied strongly in complexity: 2-dimen- 

Figure 9. Bumper force for (a)5-segment and (b)7-segment sional models with the number of segments for the p~- 
model in a 40 km/h impact ..... destrian varying between 1 and 11 as well as 3- 
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Table 4. Effect of bumper stiffness1. 

Bumper Stiffness Increased by 25% 

Max. accelerations Max. contact forces 

bumper- hood edge- 
Model foot knee pelvis chest head (left) lower leg (left) upper leg 

2 segment 3 2 -2 6 5 16 -30 
5 segment 8 16 -10 -4 1 14 -2 
7 segment 12 24 - 1 - 5 - 3 17 - 1 

Bumper Stiffness Decreased by 25% 

Max. accelerations Max. contact forces 

bumper hood edge- 
Model foot knee pelvis chest head (left) lower leg (left) upper leg 

2 segment - 3 0 3 - 2 - 3 - 17 40 
5 segment -5 1 13 -3 -4 -15 7 
7 segment - 14 1 3 - 15 0 

~ Changes with respect to reference simulation: a 40 km/h Audi 100 impact. 

Table 5. Effect of ground friction’. 

Max. accelerations Max. contact forces 

bumper- hood edge- 
Model foot knee pelvis chest head (left) lower leg (left) upper leg 

2 segment -13 2 --1 0 --1 --2 --1 
5 segment --5 4 -1 -5 --2 -1 1 
7 segment -6 2 0 -3 0 --1 0 

~ Changes with respect to reference simulation: a 40 km/h Audi 100 impact ..... 

dimensional models having up to 15 segments were re- incorporation in the 3-dimensional version of MADYMO 

ported. In addition, methods for representation of the is planned for the near future. 

interaction between pedestrian and vehicle were found to The three proposed pedestrian models were used to 

vary considerably in these models. This literature study simulate a Part 572 dummy impacted at two different 

did not show a clear relationship between the complexity impact velocities (30 km/h and 40 km/h) by an Audi 

of the models and their reliability. One of the aims of our 100 vehicle. All three models were found to predict the 

study therefore, was to get first a better insight into this head impact point location on the hood within or close 

problem, to the experimental range of results. Predictions for the 

A series of three 2-dimensional pedestrian models with head impact velocity just before impact with the hood 

2-, 5- and 7-segments, respectively, was formulated using were too high (-+ 35%) in the 5 as well as the 7-segment 

the general CVS program package MADYMO. The lit- model. Knee, pelvis, chest and head accelerations pre- 

erature review showed that adequate description of the dicted by the various models were found in or close to 

contact between pedestrian and vehicle is of crucial ira- the experimental corridor (Fig. 8). The observed differ- 

portance t’or a successful simulation. Particularly the pc- ences between models and experiments may be due to the 

destrian interactions with sharp vehicle edges (like the following reasons: 

bumper and the hood) appeared to cause sometimes prob- 

lems in the existing contact models. Therefore, within our ---The dummy in the experiments was slightly rotated 

project a more advanced contact model was developed in before impact, causing the dummy to rotate around 

which the vehicle is represented by a number of hyper- its vertical axis during the impact. In addition, the 

ellipses as illustrated in Figure 3. This new contact model arms were found to interact with the hood. The effect 

in MADYMO was found to perform very well for this of these aspects will be analyzed in future with a 3- 

type of applications. Extension of this contact model for dimensional pedestrian model. 
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mHigh speed films were used to determine the head 5. Young, R. D., Lammert, W. F., Rose, H. E.: "Vehicle 
impact velocity before impact with the hood. Due to Exteriors and Pedestrian Injury Prevention, Vol. V, 

3-dimensional head motions and absence of adequate A 3-D Mathematical Simulation of a Crash Victim’ 
........ calibration procedures, this measurement might be Final NHTSA Contract Report, Texas Transporta, 

rather inaccurate,                                      tion Institute, Texas, 1975. 
wDynamic force-deflection characteristics were deter-     6. a. Twigg, D. W.: "PROMETHEUS 2--A User 

mined for the bumper, hood and hood edge. How- ented Program for Human Crash Dynamics". Fi- 

ever, due to possible differences in impact velocities, nal NHTSA Contract Report, Boeing Computer 

shape of contact bodies, and location of the impact, Services, Seattle, 1977. 

......... the force-deflection characteristics in the actual b. Twigg, D. W., Tocher, J. L.: "Pedestrian Model 

......... dummy-vehicle impact may vary. Development of a Parametric Studies, Vol. II". Final NHTSA Con- 
contact model that accounts for geometric and ve, tract Report, Boeing Computer Services, Seattle, 

locity effects could considerably contribute to the 1977. 
improvement of the model’s reliability. The sensitiv- 7. Fowler, J. E., Axford, R. K., Batterfield, K. R.: 
ity of the model to changes in the bumper stiffness "Computer Simulation of the Simulation of the Pe. 

(see Table 4) indicates the importance of an adequate destrian--Development of the Contact Model". Pro- 

........ description of the pedestrian-vehicle contact, ceedings of the 6th International Conference on 
Experimental Safety Vehicles, Washington, 1976. 

The influence of the complexity of the model (i.e., the 
8. Padgaonkar, A. J., Krieger, K. W., King, A. I.: "A 

number of model segments) can be summarized as follows: 
Three-Dimensional Mathematical Simulation of Pe- 

The reliability of the model if used for a lateral impact 
destrian-Vehicle Impact with Experimental Verifi- 

seems to be slightly improved if a greater number of cation". Journal of Biomechanical Engineering, May 
segments is used to represent the pedestrian. The most 1977, pp. 116-123. 
significant changes are absence of an initial peak in head 9. Lestrelin, D., Brun-Cassan, F., Fayon, A., Tarriere, 
(and chest) accelerations if the number of segments in- 

C., Castan, F.: "PRAKIMOD: Mathematical Sire- 
creases from 2 to 5 and more realistic lower leg accel- ulation of Accident Victims. Validation and Appli- 
erations (and probably also bumper loads) if the number cation to Car Pedestrian Collisions". Proceedings of 
of segments is increased to 7. 

the 8th International Conference on Experimental 
In the next phase of this project, mathematical simu- 

Safety Vehicles, Wolfsburg, 1980. 
lations for different car types are planned. In addition to 10. Cotte, J. P., Laurent, M.: "Improvement of a Math- 
adult dummy tests, also child dummy and cadaver ex- ematical Model to Study Pedestrian Safety". Pro- 
periments will be simulated. Further, it will be analyzed 

ceedings of the 5th IRCOBI Conference on the 
to what extent more complex models like a 15-segrnent 

Biomechanics of Impacts, Birmingham, 1980. 
3D model can contribute to the reliability of the simu- 11. Wismans, J., Maltha, J., Wijk, J. J. van, Janssen, E. 
lations. If the mathematical models then show reliable 

G.: MADYMO---A Crash Victim Simulation Corn- 
results for such different conditions, successful model ap- 

puter Program for Biomechanical Research and Op. 
plication for the evaluation and improvement of pedes- 

timization of Designs for Impact Injury Prevention". 
trian protection provided by different car contours might 

AGARD Conference Proceedings, Cologne, 1982. 
be expected, 

12. Ashton, S. J., Mackay, G. M.: "Car Design for Pe- 
destrian Injury Minimisation". Accident Research 
Unit, University of Birmingham. Proceedings of the 
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Practical Vehicle Design for Pedestrian Protection 

J. E. FOWLER and J. HARRIS abling the effect of changes to a single component to be 

Austin Rover Group Ltd, BL Cars PLC, clearly resolved. 

Cowley, Oxford 
Transport and Road Research Laboratory, COMPUTER SIMULATION MODEL 

For many years BL Cars have been using computer 
simulation techniques to study and optimise vehicle per- 
formance in terms of occupant and pedestrian protection 
(2), (3), (4). During this time, the Calspan Corporation’s 

The objective of the study described in the paper is to 3D Crash Victim Simulation Program has been a major 
determine the extent to which pedestrian protection can tool (5), (6), (Figure 1). For the work reported here BL 
be provided by practical car design measures. The project have made changes to the current version of the program 
examines the effects of vehicle impacts upon the six-year- (CVS III Version 20) to: 
old child and 50th percentile male adult. 

Evaluation of vehicle designs primarily involves the use ¯ improve the vehicle to victim contact model (7) 

of the Calspan CVS computer program for pedestrian ¯ output additional joint force data 

impact simulation. Computer models of dummies have ° retain kinematic dummy plotting facility from vet- 

been developed with the simulation method being vali- sion 15 

dated against practical testing. Modifications have been The program has been extensively validated and an 
carried out on the OGLE adult dummy to improve the example of this is given in Section 6. 
performance of the leg in lateral impacts. Adduction of 
the hip joint has been increased and the knees have been Dummy Models 
given lateral compliance together with suitable torque 

The simulation models of the OGLE adult and child 
characteristics. The results from tests and simulation 

dummies have been developed from data derived from a 
show good correlation and give confidence in the me- 

comprehensive study of the two dummies. This included 
delling technique, 

the establishment of: 
The influence of various front-end changes have been 

studied with computer simulation using a simplified ve- ¯ the location, axis of rotation and ranges of motion 

hicle representation, of each joint; 

° the joint’s stiffness and viscous properties, including 

INTRODUCTION the nature of the joint stops; 
° the inertial characteristics of each body segment; 

Pedestrians form a significant proportion of road ac- ° the contact stiffness and energy recovery properties 
cident casualties and therefore warrant an investigation of each body segment; 
to establish if vehicle design measures can mitigate injuries ¯ the external profile of each body segment. 
and reduce the costs incurred by society. 

This paper describes the first stages of a 2~ year col. For the project, the simulation of the adult dummy 

laborative project between the UK Government and BL was modified to give increased limits of adduction at the 
hip and also lateral compliance of the knees (described Cars PLC that studies simulated pedestrian impacts up 

to a speed of 40 km/h. Such an investigation should give in Section 3). The latter entailed the addition of an extra 

car designers a better understanding of the interaction segment in each leg at the knee to enable the inclusion 

between changes in car design and the resulting change of a joint to provide the extra direction of knee movement. 

in severity of an impact with a pedestrian. The victim contact surface model is defined by ellip- 

"Fne project is based on computer simulation of pedes- 
trian impact and examines the influence of car shape and 
structural stiffness on the kinematics, impact forces and 
accelerations imparted to adult and child pedestrian ~’~’\ 

1 

models. It is confined to the most important and pre- 
dictable injury-producing phase of the pedestrian colli- 
sion, namely, the impact between the pedestrian and the 

vehicle(l). 
A computer simulation modelling technique was chosen 

since it facilitates the study of many different shapes and 
stiffnesses and gives complete repeatability, thereby en. Figure 1. Computer simulation model. 
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soidal contact surfaces corresponding to each body seg- diction that might occur after a wide range of parameter 
ment and these were determined from the data. The changes. 
stiffness characteristic of each segment was obtained by The dummies used as the standard for the pedestrian 

...... compressive tests between flat and curved rigid surfaces, models were of OGLE design and manufacture, and rep- 
In the simulation program, contact forces can be gen- resented a 50th percentile male adult, 1.76 m tall weighing 

erated between ellipsoids and vehicle panels, and are cal- 75 kg and a six-year-old child, 1.19 m tall weighing 21.5 
culated as a function of penetration of the surfaces, with kg. They were basically conventional vehicle occupant 
sliding friction forces generated to oppose any relative test devices, strengthened where appropriate and modified 
motion. Any such contact must therefore be defined in to allow the dummy to stand upright. All joints were 
terms of the combined characteristics of the two surfaces torque loaded at 1 g. 
involved as a tabular or analytical function (7). The adult dummy also had additional modifications to 

the hip and knee joints as described below: 

Vehicle Model 
The vehicle contact surface model consists of up to 30 Hip Joint 

.... rectangular plane panels. For a particular vehicle model, In the human body, values of hip joint adduction of 

....... panels are chosen to represent the surfaces as required, up to 40° have been reported (8). With the dummy in the 

The stiffness data are determined from component impact required stance, the hip joint of the impacted leg was 

tests. Each significant area is impacted normal to its sur- found to have no residual adduction. To represent the 

face using an appropriate rigid form weighted according human characteristic more realistically, the hip joint of 

to the part of the body it represents, for example, the the impacted leg was modified to the maximum practical 

bumper would be impacted with a leg form and the wind- extent so that adduction was increased to 28° but at the 

screen by a head form. expense of some abduction. 

Several impact speeds are used up to and including the The leg on the non-impacted side was not modified; so 

speed to be used in the simulation. From these results both legs were able to swing relative to the torso for at 

each force versus deflection characteristic and the nature least 250 in the direction of impact~ 

of the energy recovery and permanent distortion can be Both hip joints were fitted with compressible washers 

determined, to reduce the severity of the shock loads when the joints 
reached the limits of their travel. 

Program Operation Knee Joint 
When setting up a full impact simulation model the 

Impact tests on cadavers (9), (!0) have shown that the 
contacts between each vehicle panel and the appropriate 

human knee will bend to a limited extent in the lateral 
body segment ellipsoids are specified, and, using the avail- 

direction. To reproduce this effect both knee joints were 
able stiffness data, the mutual force deflection character- 

modified to permit rotation in both lateral directions, with 
istics are derived. The output from the program is both 

friction plates added to give an adjustable but constant 
by printout of simulation parameters and by post pro, 

level of friction torque (Figure 2). 
cessor plotting of the dummy kinematics at selected time 
frames. In addition, it is possible to plot variables in a 
graphical format either against each other or against time, [NJU RY TOLERANCE LEVELS 
and to calculate relevant injury criteria. A BL modifi’ 
cation makes it possible to .printout the forces and torques Tolerance levels for the different body regions have 
at any joint in the geometric reference system of a segment been selected so that an assessment can be made of the 
as seen at any point within that segment. Additionally, relative safety potential of the car configurations studied. 
the data are output in the same reference system as the They are based on quantities that can be measured 
vehicle. From these data and a knowledge of contacts from practical tests as well as computer simulation, and 
with vehicle panels, it is possible to investigate segment are acceleration of the head, thorax and pelvis, and bend- 
bending moments. This is particularly useful when con- ing moments in the leg. 
sidering the lower limbs of an impacted pedestrian. 

PEDESTRIAN DUMMIES 
Head, Thorax and Pelvis 

The acceleration levels chosen, are at the lower end of 
Although the project is based on computer simulation, the range known to be in common use, and are shown 

it was necessary to conduct some experimental tests with in Table 1. 

dummies. Firstly, to validate the program and its input However, to enable several vehicle profiles to be as- 
data, and secondly to provide occasional experimental sessed simultaneously during the first stages of this study, 
’reference points’ to check for drift in the computer pre- a head impact velocity criterion was preferred to accel- 
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in the leg, the necessary low stiffness of the contacting 

car structure would reduce the risk of crush or shear 

failure. So, to simplify the assessment of injury, only 

bending moments are considered. Values of bending 

strength for the knee and long bones were not available 

and estimates have therefore been developed from existing 

data. 

The Long Bones 
Estimates of long bone tolerance values have been ob- 

tained from published data on static bending tests in the 
anteposterior direction (11). There was claimed to be no 
significant difference in the ultimate strength of the bend- 
ing breaking load in the lateral and the anteposterior 
direction. Consequently, the derived values have been 
used as a first estimate for bending in any ,direction. 

Quoted values of ultimate deflection, ultimate specific 
deflection and bending breaking load have been used to 
calculate the following bending moments at fracture: 

Femur 212Nm 
Tibia 186Nm ~ 214Nm 
Fibula 28Nm 

A value of 200Nm has therefore been adopted for both 
the upper and lower leg. 200Nm has also been used for 
the child because no data were available. 

Figure 2. Modified adult knee~ 

Knee--Adult 
eration. This was set at the maximum vehicle impact 
velocity of 11 m/s and represented the level of kinetic To establish the tolerance limit of lateral compliance 

for the adult knee there were two parameters to be de- 
energy which might realistically be absorbed whilst main- 

termined. The first was joint stiffness (represented by 
taining an acceptable acceleration condition. 

friction torque in the model) and the second, the mag, 
This relationship between energy absorption and max- 

imum acceleration does not apply to the stiffest parts of 
nitude of lateral rotation representing the tolerance limit. 

For the lateral stiffness, comparative tests on cadavers 
the vehicle structure and so the head impact location was 

and adult dummies (9) claimed that representative de- 
also considered in conjunction with its velocity, 

formations of the dummy lower leg were seen when a 
short length of 12.5-mm-diameter threaded rod was in, 

The Leg serted axially into the leg directly below the knee joint. 

The aim of the research concerning the legs is primarily 
In the model, a lateral friction torque of 200Nm at the 

to save the knee from serious injury, and secondly, to 
knee joint would provide a similar resistance to that of 

reduce the risk of long bone fracture, the threaded rod. 

For the lower limbs it has been assumed that long bone Consequently,, a lateral friction torque of 200Nm was 

fracture or knee injury results from either horizontal 
adopted. 

Because the friction torque setting in the knee joint shear, crush or bending loads. The torsional failure mode 
has not been considered. However, it was found in early 

was the same value as the bending moment tolerances 
adopted for the long bones, the leg model had a constant tests that to obtain an acceptable level of bending moment 
tolerance to applied bending moment over its entire 

Table 1. Tolerance levels based on acceleration, 
length. The effect of this was that the leg tolerance level 
was most frequently exceeded at the point of impact. This 
is in agreement with accident studies (15) which found 

Accelera- that leg injury most frequently occurred adjacent to the 
tion g for 

3ms HIC $1 point of major impact. 
For lateral rotation an angle of 6° was chosen to rep- 

Head 80 1000 -- 
Thorax 60 -- 1000 resent collateral ligament failure. This value was deter- 

Pelvis 60 -- 1000 mined by utilising the work by Aldman et aL (14). By 

216 



SECTION 5: TECHNICAL SESSIONS 

taking the maximum reported elongation for the medical 
collateral ligament (7.2 mm) and the active distance of 

/ 
;~ 

~¢ 

the ligament from the condyle (70 mm), an angle of 60 
was produced. 

KneemChild 
No attempt was made to determine a tolerance value 

I/ 2/ for the child knee because of the infrequency of serious 

.......... of accidents investigated by Dr. S. J. Ashton (Birmingham 
! -~"~Q]/ 

University, Accident Research Unit). In this investiga- 
~, tion, from a total of 83 accident cases of children ten 

years of age or younger, there were 24 cases of fractured ~" 

long bone, 15 cases of minor surface injury at the knee 
and only 1 case of non-minor injury--a fracture of the .  o-/. direction of impact 
tibial plateau rated at AIS 2. It was therefore assumed 
for this study that for the range of shapes and stiffnesses 
to be investigated, bending moment at the knee would be 
unlikely to cause serious injury. 

IMPACT CONDITIONS 

The following conditions applied throughout the proj- 
ect. 

Dummy 

The dummy was struck on the right hand side, with 
the right leg backward and the left leg forward to rep- 
resent a walking stance. Both legs were straight and the Figure 3. Pedestrian standing position. 

full weight of the dummy was judged to be evenly dis- 
tributed between the two legs at the moment of impact. 

....... .... The dummy was rotated 60° from a position directly with a nominal deceleration of 0,7g. The vehicle suspen- 
facing the vehicle, as shown in Figure 3. sion was locked at normal running height to give re- 

The left arm of the dummy was allowed to hang ver- peatable impact conditions. 
tically down whereas the upper segment of the right arm 
was inclined rearwards at 300 to the vertical plane and 
the lower segment allowed to hang vertically down. COMPARISON BETWEEN 

The torque settings for the joints were 1 g. EXPERIMENTAL TEST AND 
This stance was chosen for several important reasons: COMPUTER SIMULATION 

¯ to avoid knee to knee impact Prior to the start of this project, it was essential to 
° to give a lateral impact to the lower limbs that is establish that computer simulation could accurately re- 

representative of typical accident conditions produce the results from practical tests. The simulation 
¯ to improve the probability of head to vehicle contact method was validated by comparing the results from high 

without the shoulder striking in such a manner that speed cine records of dummy impacts with post processor 
it gives unrealistically high protection to the head plots from the mathematical model. From these, one such 

¯ to give a predictable trajectory, the dummy being adult comparison is presented to demonstrate the accu- 
inclined to rotate face down onto the vehicle. racy of the computer simulation, using the dummy and 

impact conditions described in Section 5. The results from 
Vehicle the simulation and practical test are compared with re- 

The dummy was impacted on the centre line of the car spect to the kinematics (Figure 4), and head impact lo- 

at 40 km/h. This speed was considered to be the maxi- cation and velocity (Table 2 and Figure 5). 

mum at which pedestrian protection could be practicable, Detailed analysis of the head plus a visual trajectory 

The vehicle was braked at the instant of dummy contact comparison of all the body segments was considered to 
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Table 2. Summary of validation results--head. 

Simulation Practical Test 

Contact Time to 
Vehicle 122 ms 119 ms 

Location Head to 
Vehicle 

mHorizontal - 1350 mm - 1425 mm 
--Vertical -560 mm -585 mm 

Resultant Head Im- 
pact Velocity 10,9 m/s 11,3 m/s 

Head Impact Contact 
Angle 72° 68° 

(to horizontal) 

Figure 6 shows the six panels or groups of panels used 

in the model. These represent the under-bumper region, 

bumper, grille, leading edge, bonnet and windscreen. To 

enable an extended amount of information to be gained 

from each run of the program, three bonnet lengths were 

modelled simultaneously, each having the same leading 

and trailing edge heights. Associated with each bonnet 

length was a group of three windscreens to which were 

given negligible stiffnesses. By this means the impact ve- 

locity of the head with each windscreen could be obtained. 

Where a radiused leading edge was investigated, a slightly 

Figure 4. Kinematic validation. 

be sufficient for final confirmation of the performance of 

the model. From these results, it was concluded that, in 

general, the correlation was good, especially during the 

critical periods of impact, e.g., head contact. It was con- 

sidered sufficient for the computer predictions to be -~ _,~,-_x~, ..... ~ ...... o~ 
within the order of variation normally associated with 

nominally identical dummy tests (12). Consequently, the 

overall agreement in results, including those from nu- ,o~,~o~to, 

merous other validations, was such as to allow the project 

to proceed with confidence. ~---~-, .-~- ~-~ _ 

PARAMETRIC STUDY BY COMPUTER 
SIMULATION 

This section describes the use of the computer program 

to evaluate the effect of various vehicle front-end profiles 

on impacted pedestrians. Since the project is ongoing, 

only the initial findings are discussed. 
,o~,zo ...... ~ ..... .~ 

Vehicle Representation 
A typical vehicle front was modelled by using a min- _ 

imum number of fiat planes to represent a simplified shape 

which nonetheless contained the most important features 

for pedestrian impact. The planes themselves were given ...... ~o~ v ............. D~pl° ..... t Relot,ve To Ve~ ere 

idealised stiffness functions based upon those for current 

production vehicles. Figure 5. Head validation results. 
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Adult Impact Response 
~ ............... -~ To assist comparison of the different conditions, the 

~".~°~’~" period of impact has been divided into four phases as 
described in Figure 8. The length and timing of each 
phase varied depending upon the vehicle shape. Figure 9 
summarises the results to date. 

Low Leading Edge 
Phase 1 tends to be at its longest with this profile 

~ because of the delay before leading edge contact. Con- 

............. fFo .... ~, us,o’ sequently, a large proportion of the total energy imparted 
- ,~,,~,~" ~.- . ........ 1 to the victim is transferred from the bumper. The knees 

............ - ..... undergo a high level of abduction and the lower legs are 

.... subjected to high bending moments with the localised 
impact close to the knee. 

Figure 6. Vehicle simulation panels. Phase 2 is short because the leading edge contact is 
only slight, its contribution being again close to the knee. 

Phase 3 involves high rotational velocity with little 
more complex model was used (Figure 6 inset). The three thorax or arm contact with the bonnet. This trajectory is 
panels used to model the curvature operated in a de- 
pendent manner, the panel with the greatest contact with 

a consequence of the bumper and leading edge energies 

each segment being used at any one time. 
being centred on an area that is well below the overall 
centre of gravity of the victim. 

Head contact (Phas.e 4) velocities are high due to the 

Stiffness Characteristics angular velocity of the whole body. All windscreens are 

The idealised stiffness characteristics shown in Figure 
contacted. 

7 describe forces normal to the vehicle panels. All reached 
a force plateau at which there was no limit on deflection 
(the stiffness of the understructure not being considered). Medium Leading Edge 
By this means, necessary material crush depths could be Phase 1 is shorter than for the low leading edge profile 
assessed for each condition. Within the program, the stiff- because of the earlier leading edge contact. The bumper 
ness for the interaction of each panel upon the relevant therefore impacts less energy during this phase and while 
body segment was derived by combining their character- the bending moments in the lower legs are similar, knee 
istics. For each combined stiffness, the permanent de- abduction cannot reach as great an angle in the shorter 
flection and energy recovery were set to be constant time. 
proportions of the maximum values reached after impact. Phase 2 is initiated by the leading edge contacting the 

central region of the upper leg. The still considerable 

Parametric Variables difference in speed between vehicle and victim means that 
the contact is severe and causes a high local bending 

Throughout the initial parametric study the bonnet 
trailing edge height and windscreens were maintained 
constant while the parameters under investigation were 
concentrated at the front face of the vehicle. Table 3 and 
Figure 6 summarise the type and extent of the variations. 
Since the total number of permutations for the parametric 
adjustments selected was extremely large, the choice of 
combinations had to be selectively based upon logical 
progression and a deepening understanding of the me- 
chanics of the impacts. It became apparent that the three \ 
initial leading edge heights chosen displayed distinctive 
characteristics during pedestrian impact. Consequently, 
the approach adopted was to assess the effects of para ..... 
metric change against each of these leading edge heights, I’1~ 

using the primary run as the baseline. The comments in 
the following sections refer specifically to these simula- 
tions. Figure 7. Simulation vehicle panel stiffness. 
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Table 3. Vehicle parametric variables. 

RUN NUMBER L1 L2 L3* M1 M3* M4 M5 M6 M7 M8 H1 H2 H3* H4 H5 H6 H7 

A 600 600 600 720 720 720 720 720 720 720 850 850 850 850 850 850 850 

B 450 350 450 450 450 450 450 450 350 450 450 350 450 450 450 450 350 

VEHICLE 

C      320     270      320    320      320     320     320     320     270     262     320    270      320     320     320     320     270 
DIMENSIONS 

(mm) D 150 150 150 150 150 250 350 150 150 150 150 150 150 250 350 150 150 

(SEE FIG, 6) E 150 150 !50 !50 150 150 150 150 150 150 !50 150 150 150 150 150 150 

F 0 0 0 0 0 100 200 0 0 0 0 0 0 100 200 0 0 

G 160    160 160     !60     160     160 160     t60    160 25     160 160     160 160     160     160    160 

(*) Dual Phase Leading Edge Stiffness - See Fig’/ 

moment. In addition, rapid angular motion of the upper leg bending moments. The consequence of this is that the 
leg puts the knee joint into severe abduction as the lower hip joint is subjected to high forces and the pelvic region 
leg is being accelerated. This is in addition to that already therefore sustains high accelerations. With a high bonnet 

imposed by the bumper during Phase 1. It is acknowl, there is a low rate of leg rotation about the leading edge, 

edged that in a human victim, the knee injury would be and therefore low inertial forces across the knee results 

greatly different if the upper leg was in fact broken, in little abduction of this joint. 

Compared with the low leading edge, Phase 3 involves Phase 3 is controlled by the leading edge contact being 

lower angular velocity of the torso because the leading close to the centre of body mass with the result that the 

edge is closer to the overall body centre of mass. rate of body rotation is low. 

Head impact ~hase 4) velocities are close to the initial Phase 4 head impacts are well below the vehicle impact 

vehicle impact velocity but are less than those for the low velocity as a consequence of the slow rotation rate. The 
leading edge case because of the reduced rotational ve- contacts are only with the foremost group of windscreens. 
locity of the torso. Since the torso pivots about the leading 
edge, the impact sites are also less rearward. 

Child Impact Response 
High Leading Edge The impact has again been divided into four phases as 

Phase 1 is at its shortest for this configuration and shown in Figure 10. Figure 11 summarises the child re- 

there is only limited knee abduction before the leading suits to date. 

edge contact, although the bending moments in the lower 
legs reach similar values to the other leading edge heights. 

Phase 2 starts with the leading edge contacting the Low Leading Edge 

upper leg near to the hip at almost initial impact velocity Phase 1 is again at its longest with this profile because 
(11 m/s). There is very little hip rotation because of the of the delayed leading edge contact. As the bumper ac- 

proximity of the impact and the force is transmitted al- celerates the upper leg, the inertia of the lower leg puts 

most directly into the pelvis; this also gives reduced upper a bending moment across the knee. There is also a bending 
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moment at the site of impact due to the inertia of the acceleration and rotation are small. The head rotation 
whole leg. velocity is however affected by its inertia causing initial 

Phase 2 is brief and involves a moderate contact with neck fluxion away from the vehicle only for the head to 
the leading edge. be rapidly accelerated forward when the neck recovers 

Phase 3 involves the body flexing around the leading and the thorax decelerates. 

edge. The torso gains a high angular velocity constrained Phase 4 therefore involves a head impact velocity which 

only by the stiffness of the hips. The impact velocity of is only slightly below that of the vehicle. 

the thorax with the bonnet is therefore high and results 
in a high chest deceleration. 

Phase 4 continues from the previous phase with a head High Leading Edge 
impact velocity just less than that of the vehicle. Phase 1 is little affected by raising the leading edge 

although it is shortened slightly. 
Phase 2 involves direct leading edge to thorax contact 

Medium Leading Edge with resulting high chest accelerations. 

Phase 1 is similar to that for the low leading edge but Phase 3 is significantly different from those of previous 

shortened by the earlier leading edge contact, profiles in that the torso does not rotate onto the bonnet, 

Phase 2 involves direct leading edge contact with the thus exacerbating the inertial effects upon the head and 

pelvis and this results in both high forces and accelera- neck. 

tions. The head impact velocity (Phase 4) is low as most of 

Phase 3 is similar to that for the low leading edge except the deceleration of the head is provided by the neck. For 

that it is the thorax and head which are rotating above this reason, neck injury might well arise in real accidents 

the contact. The thorax contact velocity is low and both of this type. 

~ (L1) MEOIU"(MI) HIGH (H~) 

BUMPER MPACT WiTH kEGS 

~’~,,,~""-~ LEADING EDGE CONTACT AND 

CONTACT 

~ ~0OY ROTATING A~ 

~ L~ADING EDGE ~D 

Figure 8. Adult impact phases for baseline profiles. 
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~ dual phase 

stiffness (’see 

--also table 6 ) LOW MEDIUM HIGH 

front end profile 

(see also table3) 

most rearward 

head impact ~                                                                   ’ 

windscreen ~ 

groups    ~ ~ ~ " 

average head 16 

for windscreen 

group 1 (M/S) 6- 

peak        110 

thorax ~g) 60~ 

acceleration 10 

peak    110~ ~ ~ 

peak right 

knee angle 20- 

6-0 

peak lower 

200 i      ~ ~ =     i - 

Figure 9. Parametric study results--adult. (Values related to applicable tolerance levels). 

the centre of gravity of the pedestrian high angular 

rotation is induced and this results in head impact 

A mathematical model t’or the simulation of a pedes- velocities of greater magnitude than the initial vehicle 

trian dummy has been described and its capability to impact speed. Secondly this concentration of load 

effectively reproduce a car to dummy impact, demon- about the knee causes severe local injury. 

strated. ¯ The medium leading edge profile has serious prob- 

Tolerance levels for leg bending moments and lateral lems associated with adult leg and knee injuries and 

knee compliance have been determined and these have child pelvis acceleration. All the geometric changes 

been used to assess the performance of various car shapes to reduce these, increases the head impact velocities 

and stiffnesses, together with the generally accepted ac- for the adult, but not for the child. Of the shapes 

celeration-based tolerance limits for head, thorax and pel- considered, only the rounding of the leading edge 

vis. reduced both upper and lower leg bending moments 

A knee joint with limited lateral rotation, coupled with in the adult. 

a constant frictional torque proved to be an effective ¯ A significant feature of the high leading edge is that 
method of representing the lateral flexibility of the knee. both adult and child head impact velocities are con, 

Re studies to date show the following general rela- sistently below vehicle impact speed. There are, how, 
tionship between vehicle design and the resulting severity ever, problems associated with direct child thoracic 
of impact to pedestrians at speeds of 40 km/h. and pelvis impact but these can be reduced by in- 

, A low leading edge profile has two major disadvan- creasing the bumper lead. 

tages. By concentrating most of its load input below ° For the structural stiffnesses and leading edge heights 
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studied, the resulting adult thoracic accelerations Mech E Conference--Progress Towards Safer Pas- 

were always low and the pelvic accelerations only senger Cars in the UK 1980. 

exceeded 60g for 3 milliseconds on two occasions. 3. W. E. Emmerson, 1. E. Fowler, "Simulation of Fron- 

The results to date suggest that further reductions in tal Vehicle Impacts". Proc I Mech E Conference--- 

the severity of impact can probably be achieved with the Vehicle Safety Legislation Its Engineering and So- 

medium to high leading edges. More detailed stiffness and cial Implications 1973. 

geometric investigations will be conducted to study this 4. W. E. Emmerson, J. E. Fowler, "The Application of 

possibility. Computer Simulation in Vehicle Safety". Proc 5th 

Int Tech Conference on Experimental Safety Vehi- 

cles. 
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Figure 11+ Parametric study results--child. (Values related to applicable tolerance levels). 
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Application of the Fiat Methodology for Characterizing Vehicle 
Structura  Responses in Frontal Impacts 

L. M. "MORRIE" SHAW ¯ Produces vehicle crashworthiness results which can 

Arndt & Associates deviate significantly from the traffic mix environ- 

ment 

CARL RAGLAND ¯ Overestimates the survival performance of smaller 

National Highway Traffic Safety vehicles 

Administration ¯ Underestimates the survival performance of larger 

vehicles. 

These limitations have prompted researchers to study 
ABSTRACT and recommend other testing and evaluative approaches 

Over the past several years, Dynamic Science, Inc., 
which more closely represent the crash dynamics and 

under funding from Fiat Auto S.p.A., developed a meth- 
structural interactions associated with traffic mix crash 

odology for evaluating vehicle crash compatibility. The 
encounters. To effectively manage such a complex inter- 

ultimate goal was to provide compatibility characteriza- 
active evaluation, it would be necessary that efforts be 

tion technology in the frontal, side, and rear impact en- 
concentrated on vehicle test and analysis techniques 

vironments. The result of this research has been extremely 
which consider all significant aspects of the crash envi- 

encouraging, providing accurate analysis and predictive 
ronment. 

capabilities, as well as justification of the methodology 
In 1973, Fiat Auto S.p.A. and Dynamic Science, Inc. 

approach, 
began formulation of test and analysis techniques for eval- 

Because of the increasing concern for vehicle crash 
uation of vehicle crash compatibility. Since this initial 

compatibility, the U.S. National Highway Traffic Safety 
formation, Dynamic Science, Inc., under funding from 

Administration (NHTSA) acquired the Fiat Methodology 
Fiat Auto S.p.A. developed a methodology for evaluating 

vehicle crash compatibility. The ultimate goal was to pro- 
in 1980. The NHTSA then increased the funding of an 

on-going program to apply the Fiat Methodology to a 
vide compatibility characterization technology in frontal, 

side impact research program. Frontal and side structural 
side and rear impact environments. The results of this 

characterizations were used in the side impact analysis, 
research have been extremely encouraging--accurate 

This paper summarizes the results from the above 
analysis and predictive capabilities have been developed, 

NHTSA research program emphasizing the applicability 
as well as justification of the methodology approach. 

of the Fiat Methodology to the characterization of vehicle 
Because of the increasing concern for vehicle crash 

structural responses in frontal impacts. Validation of the 
compatibility, the U.S. National Highway Traffic Safety 

Administration (NHTSA) acquired the Fiat Methodology 
frontal structure characterization is discussed and pre- 

sented along with comparisons between predictive anal- 
in 1980. The NHTSA then increased the funding of an 

ysis and crash test results, 
on-going program (Reference I) to initialize the applic- 

ability of the Fiat Methodology to side impact analysis. 

Both frontal and side structural characterizations were 
INTRODUCTION used in this study. 

This paper summarizes the results from the above 
For more than a decade automotive safety researchers NHTSA research program emphasizing the applicability 

have recognized the significance of vehicle crash com- of the Fiat Methodology to the characterization of vehicle 

patibility in evaluating vehicle crashworthiness within the structural responses in frontal impacts. A companion pa- 

overall accident environment. This problem has become per, Reference 2, deals with the applicability of the Fiat 

particularly evident in the United States due to the in- Methodology to the characterization of side impacts, uti- 

creasing number of small vehicles. During that period, lizing the frontal model characterizations presented 

however, the traditional measure of crashworthiness and herein. 
compliance in frontal impacts has been and remains based 

on the rigid barrier SAE J 850a test. Researchers have 

voiced concern with regard to the limitations and ability FIAT METHODOLOGY APPROACH 
of this test procedure for representing real world acci- 

dents. Some of the rigid barrier test limitations include: Franchini (References 3 and 4) discussed and high- 

. Is unable to simulate the great majority of automobile lighted the Fiat Methodology in prior Experimental 

encounters Safety Vehicles (ESV) conferences. However, it seems 
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appropriate to summarize the Fiat Methodology approach 
prior to presenting the results used for the NHTSA study. 

The Fiat Methodology has resulted in new test and 
analysis approaches and techniques for evaluating vehicle- [ 
to-vehicle crash interactions. The research accomplished [ 
to date has resulted in the design and development of test 

I ~~--~~ 
hardware, test techniques, data analysis software and 
crash simulation software, along with validation of the 
basic methodology. Figure 1 flow charts the basic engi- 
neering approach and illustrates the coupling of experi- 
mental test data and analytical technology to define and                                   ’ 
characterize a vehicle’s response to crash environments. 

It was recognized from the beginning of the Fiat Meth- 
odology development effort that the results and analyses 
must be based on experimental data. As illustrated in 
Figure 1, the first step is a structural characterization test 
of the vehicle under the appropriate impact conditions. 
For our research, this was accomplished through the use 
of a test device developed to enhance structural data 

~[[~ acquisition. The test device has been discussed and pre- ~cL~ x,~ ...... ~___ 

sented by Franchini in References 3 and 4 and consists 

of a 36-module load-measuring moving barrier fitted with                                      ,,~ ........... 
energy-absorbing honeycomb blocks attached to each 
module. The purposes of the test device include: ENCOUNTER 

CONDITION 
1. Simulation of the structural interface interactions in- 

volved in vehicle-to-vehicle encounters, 
2. Measurement of crash interface loads and deflections Figure 1. Fiat methodology approach. 

between the test device and vehicle being character- 
ized, and 

techniques which simulate crash encounters between 
3. Simulation, as closely as possible, of inertia reactions 

characterized vehicles. This was accomplished through 
associated with vehicle-to-vehicle impacts, 

the development of a software package referred to as 
Of equal importance in the characterization test is the Computer Program B. As illustrated in Figure 1, Program 

instrumentation of the vehicle being characterized. It B accepts as input lumped-mass non-linear spring model 
must adequately define the structural dynamics and in- representations such as defined by Program A output (or 
ertiat reactions (including occupants, restraints, engine, other desired impact conditions) and computes the crash 
suspensions, etc.) that characterize the vehicle’s response response of the vehicles. Program B can also be used to 
to the crash environment. The vehicle instrumentation is check Program A output by simulating the vehicle char- 
dependent upon the impact mode (front, side, rear) and acterization test, thus providing model validation and a 
upon the vehicle’s design configuration, means for model improvement. 

The second step of the Fiat Methodology was to de- Once a vehicle’s model characterization has been val- 
velop analysis techniques which would permit character- idated, it can be used to study structural crash interaction 
ization of a vehicle’s structural response to a crash test with other characterized vehicle structures or barriers. A 
environment. This was accomplished by developing a data sufficient number of characterized vehicles representing 
processing software package referred to as Computer Pro- the traffic mix environment could then provide a data 
gram A. As illustrated in Figure 1, Program A accepts base for evaluating an individual vehicle’s structural 
as input the kinematic and dynamic behavior obtained crashworthiness compatibility with a traffic mix popu- 
from the vehicle characterization test data, the vehicle lation environment. 
parametric data, and analytical model configuration. The 
program then processes these data to define the necessary 
structural properties of the general lumped-parameter ve- FRONT STRUCTURAL CHARACTER- 
hicle model which are required to reproduce the given IZATION 
kinematic input. The end product is an analytical model 
of the vehicle being characterized, using full-scale crash In the Fiat S.p.A.-sponsored Fiat Methodology devel- 
data. opment efforts, the Fiat 132 sedan was the primary eval- 

The third step of the Fiat Methodology was to develop uation vehicle. As a result, a considerable test data base 
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had been generated for that vehicle in both the frontal Table 1. Fiat test tool to Fiat 132 fronta~ characterization 

and side impact configurations. The Fiat 132 was con- test. 

sequently selected as the study vehicle for the NHTSA 
Fiat 132 Test Weight 2798 Ib (1269 kg mass) 

demonstration program (Reference 1). The Fiat 132 four- Test Tool Weight 4040 Ib (1833 kg mass) 
door sedan is a conventional front engine, rear wheel drive Closure Velocity 39.2 mph (63 km/h) 

vehicle with a curb weight of approximately 2,380 pounds Impact Orientation Head on with Aligned 

(1,080 kg). Centedines 

The Fiat 132 front structures characterization effort is 

illustrated in Figure 2. It included full-scale characteri- test tool honeycomb deflections and frame accelerome- 

zation testing, computer data processing, model revel- ters. 

opment, and model validation. 

STRUCTURAL MODEL DEVELOPMENT 
STRUCTURAL CHARACTERIZATION TEST AND VALIDATION 

The front characterization test consisted of a head-on The data from the Fiat test tool-to-Fiat 132 frontal 

impact between the Fiat test tool (described in References characterization test was processed through a Class 60 

3 and 4) and a Fiat 132 Sedan. Table I summarizes the digital filter and input, along with the Fiat 132 parametric 

test conditions for this test. The Fiat 132 carried fully data and representative model configuration into Com- 

instrumented driver and right front passenger Part 572 puter Program A. The output of Program A defined the 

dummies and extensive accelerometer instrumentation on interconnecting spring load deflection characteristics be- 

all significant inertial masses. The test tool carried 36 tween the analytical model masses. For the Fiat 132 char- 

load cells along with string potentiometers for measuring acterization test, the analytical model configuration, with 

respect to vehicle mass representations, is illustrated in 

Figure 3. This model incorporates both the Fiat 132 and 

Fiat test tool inertial representations. 

The Fiat 132 model, along with the interconnecting 
! 

TEST: 40 MPH CLOSURE [~ spring characteristics and the analytical model of the Fiat 

FIAT TEST TOOL TO 

Ii 

test tool were input into Computer Program B and ex- 
FIAT 13Z FRONT ercised under the impact conditions of the characteriza- 

tion test. This procedure validated the Fiat 132 analytical 

~ 
model by direct comparison of predicted and test results 

and provided an opportunity to fine tune the spring char- 

acteristics. It has been our experience that fine tuning, 

following the initial Program B validation run, is normally 

confined to improvements in the definition of the ana- 

~ 
lytical spring unloading characteristics. This definition is 

extremely sensitive to data inaccuracies near the end of 

FRONT MODEL 

| 
| 
I 
I 

_      I 
OCCUPANT 

_; 

Figure 2. Flow chart of front structural characterization. Figure 3. Model configuration for the Fiat front. 
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Table 2. Fiat 132 frontal model validation results summary 

Parameter Test Data Simulation TEST TOOL 

Closure Velocity (mph) 39.2 39.2 
Fiat 132 Weight (Ib) 2798 2798 

o ~o Test Tool Weight (Ib) 4040 4040 
Fiat 132 Velocity 

Change (mph) 24.5 26.2 
Test Toot Velocity 

Change (mph) 17.4 17.4 
Maximum Dynamic Mu- 

Fiat 132 Average Dy- 4o 
namic Crush (in.) 21.0 20.6 zo 4o 60 

TIME -- MSEC 

the crash pulse. Other fine tuning should not be necessary 
if test data retrieval is accurate. Figure 5. Comparison between predicted and test results for 

The results of the Fiat 132 frontal model valiation are the Fiat test tool vehicle--Fiat 132 frontal valida- 

summarized in Table 2. Figure 4 compares the predicted tion. 

response of the compartment of the Fiat 132 to the actual 
test data. Similarly, Figure 5 compares the predicted re- 
sponse of the test tool to the actual test data. Of particular 
interest in a frontal simulation is the ability to characterize 100 o pREDiCtED ACC~].ER~TIO~ 

the dynamics of vehicle components as well as structural 
responses. Figures 6 and 7 respectively compare Fiat 132 

~ F ~:cc= ~ ~,~.. 

engine and left front suspension predicted responses to 0 

actual test results. The right front suspension response 
(not shown) was essentially the same as that shown in 
Figure 7 tbr the left front suspension. The results indicate -100 
excellent representation by the analytical model of the o zo 40 

actual crash response of the vehicle. The Computer Pro- rr~E--~sEc 

gram B input which provided these results consisted of 
a Fiat 132 frontal model and test tool model totaling 41 Figure 6. Comparison between predicted and test results for 

degrees of freedom, 
the Fiat 132 engine--Fiat 132 frontal validation. 

VEHICLE-TO-VEHICLE 
PREDICTIVE CAPABILITY 

I00 

The validated Fiat 132 frontal model was duplicated 
and both model sets were input into Computer Program z 

^] with the initial crash conditions of a Fiat 132 B, along 

-I00 
PREDICTED ~CC~L~RATION 

40         60         80        100 

~z ~, Figure 7. Comparison between predicted and test results for 
~ ~ ~--~---~ the Fiat 132 left suspension--Fiat 132 frontal vai- 

l ~-COMPAR~ENT 
front to Fiat 132 front crash test conducted at a closure 

~ ’ velocity of 48.7 mph (78.4 km/hr) (Reference 5). This 
~o I l effort is illustrated in Figure 8. The resulting simulation zo 40     ~o ~o     ~oo     ~z0 

~-~,~s~.c provided 46 degrees of freedom, including both vehicle 
representations. Table 3 compares the predicted results 

Figure 4. Comparison between predicted and test results for to the actual test data. The vehicle analytical models were 

the Fiat 132 compartment--Fiat 132 frontal vali- identical, therefore, producing exactly the same predicted 
dation, responses. The crash test, however presents two identical 
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~AT 13Z-9 

0 Z0 40 60 80 ~00 

Figure 9. Comparison be~een predicted and test results for 
the Fiat 132 compadment. 

COMPA~SON ~ehJc]e models with co~respondJn~ ~esponses rep~esent- 

arise of the ~ea]-wor]d manufactudn~ and data acquisition 

tolerances. The EJat ]32 frontal model used was ~dentJcal 

TEST: 50 MPH CLOSURE 
of total vehicle mass differences. 

~AT 13Z FRONT-TO- 
Figure 9 compares the predicted Fiat 132 compa~ment 

~AT 13Z FRONT response to the response accompanying each of the Fiat 

132 test vehicles and Figure 10 compares the predicted 

engine response to the responses measured on each of the 

test vehicles. Figure 11 presents the predicted dynamic 

....... crush of the Fiat 132 models compared to the measured 
....... Figure 8. Flow cha~ for vehicle-to-vehicle prediction, post-test residual crush for the test vehicles at bumper 

level. 

O PREDICTED ACCELERATION 

Table 3. Fiat 132 front to front predicted crash results sum- 
mary. 

Parameter Simulation Test Data 

Bullet Vehicle Weight 
(Ib) 2798 2820 ~ ~r~ , ;,, ~, ,,,, 

Target Vehicle Weight 
(Ib) 2798 2826 

Bullet Vehicle VelociW ~ o~ 

Target Vehicle Veloci~ 
(mph) 24.4 24.4 

M~imum Dynamic Mu’ 
tual Crush 

--Integrated Accel- 
eration (in.) 35.0 37.0 

~Photography (in.) N/A 34.0 
Veloci~ Change at 100 

msec 
(From Acceleration 

Data) o 

~Bullet Vehicle 
(mph) 26.1 26.1 

~Target Vehicle Figure 10. Comparison be~een predicted and test results 
(mph) 26.1 27.0 for the Fiat 132 engine. 
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the capabilities of the NHTSA versions of the Fiat Meth, ~ -- r~Ar i3z-, r~sr ~io. 4ss~-1 odology, computer programs, were required to provide RESIDUAL CRUSH 

i o r~,cr~ DVHAme CRUS~ side impact characterization. Consequently, to maintain 

z~ ~ 
~ I compatiblity between the frontal and side characterization 

o . o o programs, the frontal characterization model discussed 
"----- -------------a_.._._ herein also required this additional refinement. 

~ 
~ Accuracy of the electronic test data is critical to the 

i , effective application of the Fiat Methodology. Significant 
~ ~rrr ~E ~rrsmE time can be saved if the accuracy of the electronic test 
~ 

0-- -- 

~ ~-rs~ ra~r~ data is verified prior to its input into Program A. In 

~ , addition, the vehicle characterization and model predic- 
~ tive accuracies can never be better than the test data used. ~0 

~~-- As a result, the accuracies and refinement of the Fiat 
Methodology can be improved concurrently with im- o o 

l 

o o provements in instrumenation hardware and techniques, ZO 

I 
O 

~ r~,r ~z-~ r~r ~o. 4,~9-~ Furthermore, the use of the Fiat Methodology to evaluate 

o r~ca-~ D~,~me c~ a vehicle’s crashworthiness is not fixed or dependent upon 

~ zo ~0 0 ~0 z0 ~0 one evaluation condition or compliance environment. It 
is a methodology which is compatible with changing com. 

LATERAL D/STANCE ~ROM VEHICLE CENTERLINE -- ~. 
pliance criteria. 

Figure 11. Comparison between simulated and test results 
for the Fiat 132 exterior crush at bumper level. 
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Influence of Occupant Seating Posture and Size on 
Head and Chest Injuries in Frontal Collision 

TSUYOSHI AIBE, KUNIYUKI WATANABE, G 
WEIGHT-DROP TATSUMASA OKAMOTO and A 4o IMPACT*EST 

TAKASHI NAKAMORI z .;.~ f~ W~SLED 
---- 30-mph FRONTAL o_ 

~                                    ~,~RR, ER COLL,S,ON 

Nissan Motor Co., Ltd. _k 20" ~ TEST W!CAR 

ABSTRACT                      ~ 
50 1OO 

The evaluation of vehicle occupant protection perform- DULATION TIME (rnsecl 
ante in a collision is generally based on the injury criteria. 
The seat is placed in the standard design position, using Figure 2. Deceleration curve. 

a 50th-percentile dummy, as represented in the FMVSS 
208. 

mph frontal barrier collision with a vehicle is also shown. 
On the highway, however, vehicles are driven by in- 

This can be regarded as an actual simulation of the col- 
dividuals of various physical sizes and in various seat 

lision. 
positions. 

In this study, we have examined the relationship be, 
tween injury level and occupant size or seating posture. 

This paper presents examination results concerning Test Conditions 
forces acting on the chest and also on factors causing We conducted all sled tests with the same instrument 
injury to the head. panel, seats, seat belts, and seat belt anchorage points as 

found in an actual car. 
To consider the influence of occupant body size, we 

used the following three types of dummies: 

TEST PROCEDURES 

Test Equipment Table 1. Types of dummies. 
In order to compare occupant injury levels in various 

conditions, we have conducted tests using a weight-drop _~]        ABBR. I 
SIZE VVt (kg SI~TT~F~,I~N~G REMARKS 

type sled tester. This sled tester was considered to be a AMERICAN MALE HYBRID " 1 ME0 74,5 907 highly accurate reproduction when combined with a 5Oth PERCENTILE ALDERSON-MADE 
shock absorber, capable of producing a deceleration curve, 
simulating a 30-mph frontal barrier collision. 2 M95 AMERICAN.95th PERCENTILEMALE" 977 965 ALDERSON MADE 

Figure 1 shows a schematic drawing of the test equip- 
_o ~ .................... 

AMERICAN. FEMALE. 
ment. Figure 2 shows a deceleration curve caused by the 3 FOE 5th PERCENTILE 472    780 ALDERSON-MADE 

combination of the weight-drop type sled and the shock 
absorber. Another deceleration curve produced by a 30- 

Next, tests were conducted to examine the influence of 
occupant seating posture by setting up five points as 
shown in Figure 3. The seat slide was moved forward or 
rearward by 100 mm from the normal middle position. 

~ 
SHOCK    [ \ The seat back angle was set where the seat back was 

s~o~~~ 

\ inclined forward or backward by 9 degrees from the nor- 
mal middle position. 

~RRtER               Using three different sized dummies to examine the 

relationship between injury levels and occupant sizes, a 
series of tests were carried out under the conditions shown 
in Table 2. 

Figure 1. Test equipment. Next, to see what effect the seat slide positon had on 
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Table 5. 

~ 
M50 

DRIVER PASSENGER 

STD WEBBING (~) (~ 

~ 15% MORE 
/ ELONGATING WEBBING @ @ 

C B A Finally, to determine the effect of the seat belt elon- 

SEAT SLIDE gation rate on the injury level, tests were conducted under 
the same conditions as in Test Nos. (9) and (10), with 

Figure 3. Positions of seat back and seat slide, the belt elongation itself increased by approximately 15 
percent, as shown in Table 5. 

Table 2. Test condition (1). 
RELATIONSHIP BETWEEN INJURY 
LEVEL AND OCCUPANT BODY SIZE 

A 2 3 ~ ~ 6 Figures 4 and 5 show the extent of injuries sustained 

............ ~ 25 ................................................... .......................................................................... by the head and by the chest, as a result of tests of Test 

B 7 8 ~ ~ Nos. (1) through (12) under the conditions shown in Table 
2. 

In Figures 4 and 5, 
(1) The head injury level increases as the dummy size 

Table 3. Test condition (2). decreases, especially with the F05 which shows high in- 

~"~:-::::~-- ......... DUMMY M50 M95 jury levels, and 

"~ ~s~         POS~T~O, ................ (2) The chest injury level also increases as the occupant 
~~_TION ! DRIVER PASSENGER I PASSENGER 

size decreases. 

A :~: ,~: :~ ~ Here, force applied to the dummy during a collision is 
shown in Figure 6. The difference in occupant size does 

B ~o ~: ,~ ~ not change the initial restraint caused by the seat belt. 

’ HIC SEAT SLIDE POSITIONS B A 

2000- 
DRIVER O 

Table 4. PASSENGER @ ¯ 

ANGLE T PASSENGERSg~T 

POS{TION 

__DRIVER 
PASSENGER 

~ 

B 25° ~) ~ ~) ~ 

injury level, tests were conducted under conditions shown -; 

in Table 3. F~)S M’50 
To determine what effect the seat back angle had on DUMMY SIZE 

the injury level, tests were conducted under the condition 
shown in Table 4. Figure 4. Head injury level. 
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y=348+26,6x ~ ~ r =0.99 ~ 
~ 5~4 

......... ~ 3~ F05 M50 M95 

~ S~T SLIDE POSITIONS B A OCCUPANT WEIGHT (kg) 
~ 20- 

(ABOUT 25%) 

~ DRIVER O 

~ 10- PA~ENGER ~ ~ Figure 7. Relationship be~een occupant weight and belt 
tension: 

~      ~      ~ using a simple equation. From the correlative equation 
............ ~5 M50 M95 

DUMMY SIZE 

Figure 5. Chest inju~, level (3 msec-G), where F : Shoulder belt tension (kg) 
W: Substantial mass weight (kg) 
G: Deceleration produced on chest 

After approximately ~ to 50 msec from the sta~ of the 
F = 26.6W + 348 ............................. (2) 

collision, the chest becomes restrained by the shoulder 
belt, and after another 30 msec, the chest stops moving. From equations (1) and (2), the deceleration produced 

Then, the head beans to pivot on the neck, and thus, the on the chest is expressed by the following equation: 

phenomenon caused by the collision comes to an end. 348 
........ We examined the reason why, in a similar phenomenon, G -- + 26.6 (3) 

the tendencies shown in Figures 4 and 5 occur. 
The chest is restrained by the shoulder belt. Our ex- From equation (3), it is found that the chest 

amination revealS, in each test case, that the relationship level is lowered in a reciprocal propo~ion to the dummy 
between the tension on the shoulder belt and the occupant size and weight. 
weight was highly correlated as shown in Fibre 7. Gen- 
erally the substantial mass weight applied to the shoulder 
belt is said to account for 25 percent of the overall wei~t. Table 6. Substantial mass weight applied to shoulder belt. 

The Substantial mass weight figured out from the belt 
tension and the d~eleration G produced on the chest is ~ouuv s~ar ou~v 

r~s~o, shown in Table 6. This shows clearly that the substantial s~z~ SLIDE SEATING D~’n TENSION TIALWt. (G) TIALWI. ~SITION POSITION 
(G} 

(F} (W) F (W} 

mass weight mak~ up approximately 25 percent of the o,,w, ~o ~o ~ ~ ~ ,~ ~.~ 

The force produced on the chest can be calculated by 

PA~ENGER ~0 150 15 ~ ~ ~8,8 

h, g, DRIVER 10180 18 43 .0 ~ 19.5 

km/~l 
~ 

TEST No.=J~ 

~ ~ BELT TENSION                                     A 

8 81 8 MOVEMENT / 
/ ~ DRIVER 10    250 25 ~ 980 213 

SPEED / / ’~ CHEST DECELE~TION G B 

2(               ]             SUSSTANTIAL                             PERCENTAG~ 

~50 } 1~ ~ DU~TION TIME 

RESTRAINT BY ~PID H~D (m~c) F05 47.2 12,2 25.8 
BELT STARTS SHAKING STARTS 

Figure 6. Phenomenon occurring on each pa~ in collision. ~9~ 97,~ , z~,~ ~.7 
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time, the head, affected by the chest, traces a large circular 
TRAJECTORY OF F05 

50msec             HEAD’S CENTER OF 
arc trajectory with the waist as a pivot, and thus, a peak 

mm ~ SGRAVITY 
at the first stage is reached. 

(2) The chest stops moving after the peak of the first 

i 
50 80msec stage. The remaining speed energy on the head is absorbed 

TURNING ~ ~ by the head shaking motion. It has an extremely small 
RADIUS ~ turning radius, and uses the neck as a pivot. Centrifugal (r= 110) ~, 

force generated by the head shaking motion produces the 

CENTER 7 ~--lOOmsec second-stage peak deceleration. 
0 z ’ ’ In this study, the level of head injury sustained by the 

~ 
50msec~ 250 

500 

~> ....... 

~--~80msec 

F05 dummy is highly comparable to those cases of the 
M50 and M95 dummies. This is thought to be due to the 

0 250 TRAJECTORY OF     "~J’. 
~ M50 HEADS ~ /rN,k/ .^^ second-stage peak mentioned above. 

~< CENTER OF GRAVITY_’X~/’.~’-lt~msec Figure 8 shows head behavior graphed according to 

TURNING-- ,/~~- dummy size. From the head behavior after the chest 

(r=190) """--TuRNInG CENTER 
ceases to move (approximately 80 msec after the initial 
collision), the turning radius of the head shaking motion 

050msec         210       5~0                    is measured to be equal to the values shown in Figure 8. 

The difference of these turning radii of the head shaking 
TRAJECTORY OF motion was caused by the difference in the position of 250 "M95 HEAD’S 
CENTER OF GRAVITY chest restraint by the shoulder belt. 

Let’s discuss the head turning radius. Changes in the 
RADIUS early position of chest restraint by the shoulder belt, which 
(r=200) is caused by the difference in occupant size, will have 

~ ,"~--TURNING CENTER different effects on the attitude of the restrained dummy ¢ 250 500 mm 
~ during a collision. As shown in Figure 9, the difference 

HEAD FOR\.,~,RD MOVEMENT in restraint ranges from a rapid head shaking motion, 
with the neck as a pivot (F05 type), to a comparatively 

Figure 8. Head behavior by size. gentle head shaking motion with the neck turning with 

the twisting torso (M50 and M95 types). 
As described above, it can be seen that the head injury 

Next, let’s consider the influence of the dummy size level is largely influenced by the difference between the 
on the head injury level. It is found that although the chest restraint position and dummy size, namely due to 
aforementioned chest deceleration influences the head in- the difference in the head turning radius, even if the 
jury, the dummy size has a more dominant effect, occupant compartment has no components to cause a 

That is, when the curve of deceleration produced on secondary collision to the head. 
the head is looked at after a period of time, we can 
consider the phenomenon in the following two stages: 

According to the deceleration curves in Figure 6, INFLUENCE OF SEAT SLIDE POSITION ON 
(1) Approximately 80 msec after the initial collision, INJURY LEVEL 

the deceleration on the chest reaches a peak. In the mean- 

Figures 10 and 11 show the chest injury level and the 
head injury level as they relate to the position of the seat 

-HEAD’S CENTER OF GRAVITY slide, with the following results: 
l 

(1) The chest injury level tends to increase as the seat ~ T ~ ) 
~ slide is positioned rearward. 

~Or~ 
m~ . (~70~m 

!~_m (2) The head injury level tends to increase as the seat 

slide is moved rearward. When the seat slide is positioned 
forward, a phenomenon can occur in which a secondary 

~\ ~ ~ 

collision against the steering wheel, etc. becomes more 

,k severe and the injury level increases. 
Hereupon, we examined the reason why we see in- 

creased deceleration on the chest when the seat slide is 

M95 M50 FO5 moved rearward. 

Figure 12 is a comparison graph showing deceleration 

Figure 9. Restraint positions by size. produced on the chest, belt tension and chest moving 
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3msec-G SEAT SLIDE 

70-                                              km/h G 

: 60- DECELERATION (G) 

UJ (RESULTANT) 

~’ 
50~ 

Z 50 100 

I" 30- 
DU LATION TIME 

(J 20- DRIVER PASSENGER Figure 12. Results of tests by seat slide position. 

M50 ~ 
10- M95 a 

slide rearward position restraint results in a lowered Ride, 
~ Down Effect, and thus leads to an increase in chest de, 6 A 

celeration and in injury level 
SLIDE POSITION 

INFLUENCE OF SEAT BACK ANGLE ON 
............. Figure 10. Seat slide position and chest injury level. INJURY LEVEL 

speed of Test Nos. (3), (9) and (13), when conducted Figures 13 and 14 show changes in injury level, caused 

using an MS0 dummy, when the seat back angle was changed. The chest injury 

The time when the shoulder belt begins to restrain the level rises slightly when the seat is inclined backward. 

chest changes by 4 to 6 msec according to the position As clearly seen in Figure 14, the head injury level 
............. increases remarkably when the seat is inclined backward. 
.............. of the seat slide. 

This difference in time influences the amount of tension 
Figure 15 shows how deceleration acts on each part’ 

produced on the shoulder belt and the rise of deceleration The graph shows that a delay in chest restraint by the 

produced on the chest. On the other hand, an observation shoulder belt is caused in the same way as in the test 

of the relative speed between the occupant’s chest and conducted by changing the position of the seat slide. 

the sled reveals that there is a difference of 4 to 5 km/h 
.... in relative speed due to variations in the time when the 

restraints begin. 
It can be considered that a delay in initiating the seat 3msec-G 
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Figure 11. Seat slide position and head injury level.          Figure 13. Seat back angle and chest injury level. 
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Table 7. Femur load. 

HIC . D. VER PASSENGER 
~,~ _~ 50% 100% 0 100~ 

uJ-J B 25° 

A 25° 

DRIVEN PASSENGER 

M95 ,a ~ ~    a4o ~IA _LI 

~ I A 25° I 
I II 1~~ 25° 34° 

S~T BACK ANGLE RELATIONSHIP BETWEEN SEAT BELT 
AND OCCUPANT INdURY LEVEL 

Figure ~ 4. Seat back angle and head iniury level. 

We have conducted an examination to find out the 

influence of the seat belt webbing elongation rate, when 

FEMUR LOAD ACCORDING TO SEAT increased by 15 percent over the standard, on the behavior 
POSITION of the occupant. 

Table 8 shows the increased amount of movement of 
Table 7 shows femur loads obtained in all the tests each bodv r~art of the dummv when the seat belt webbin~ 

reported so far. As is clear in this table, even the heaviest elongation rate is increased. From this it is seen that an 
femur loads within 70 percent of the injury criteria increase in the webbing elongation rate leads to an in- are 

provided in FMVSS 208, etc., and have no significant crease in the amount of chest and pelvis movement, which 
influence. is directly restrained by the seat belt. 

The level of the femur load is determined by whether Figure 16 shows the movement sneeds of the sled and 
or not the knees have collided with the instrument panel the dummy chest. It also shows the amount of tension 
or the steering shaft, or by the severity of the knee col- acting on the shoulder belt. When the seat belt webbing 
lision, elongation rate is increased, the chest movement speed is 

greatly delayed by 6 to 8 msec. Further, the seat belt 

gently raises the tension, and causes an 8 to 10 msec delay 

for the same tension and a 15 msec delay for the tension 
SEAT BACK 

to reach ____ mo a pea~:. 
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kmih G 

I 1~°I CHEST ~OVE~S~EE~/~’~/ .... ........ Table 8. Increased amount of movement of each part. 
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Figure 15. Results of tests by seat back angle. 
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kg km/h a device is installed for immediately locking the retractor 

’J ~J Lockingmechanism when a collision occurs, that is, EmergenCYRetractor. 
8oo4 An examination of the movement of a tightly belted ........... LT TENStON (kg) 

........ ,,-, dummy in a collision was done. It was found that ap- 
6004 ,- proximately 40 to 50 msec after the collision, the seat 

-, belt starts to restrain the dummy. In the meantime, the 

4oo4 dummy moves forward approximately 100 mm. 
\ The cause for this is thought to be that the seat belt \ CHEST MOVEMENT 

...... 200-t 2~ 
",SPEED\ (km/h) webbing in the retractor is spooled out. Therefore, we 

.......... conducted tests on the amount of spooled out seat belt 
~ 

" webbing i~a the three stages of 400 mm, 800 mm and 1,100 
o" 5’o 1do mm. These are the lengths of webbing found on the re- 

tractors before the respective tests. Figure 18 shows the 
Figure 16. Movement speeds of sled and chest, amount seat belt spooled out in the process of applying 

a 1,000 kg load. 

........... It follows from this that an increase in webbing elon- Another phenomenon in Fig. 18 is that when 10 percent 

gation rate will somewhat ease the chest restraint and of the tension acting on the seat belt is produced, the 

lower the injury level, amount of spooled out webbing covers approximately 70 

Figure 17 shows the behavior of the head. It is when percent of the maximum spooled out amount, and when 

the chest is restrained by the seat belt that an increase in 20 percent of the tension is produced, the amount of 

seat belt webbing elongation rate begins to cause a dif- spooled out webbing covers approximately 75 to 80 per- 

............ ference in the head behavior. The head’s forward move- cent of the maximum spooled out amount. 

ment is increased by as much as the chest restraint is It follows from this that the amount of spooled out 

loosened, seat belt webbing will lead to a delay in the beginning of 

The head behavior in Figure 17 is sharply changed occupant restraint. 

because the top of the head has collided with the upper 

side of the instrumental panel caused by an increased in 

forward movement. This phenomenon is very advanta- 

geous for decreasing the dummy injury level. It can be 

decreased by increasing the rate of the seat belt webbing 

elongation. For the head, however, this signifies that a ~.                                             100o~ 

secondary collision has occurred due to an increase in 
~ 

.............. forward movement. 88% 

....... The length of seat belt webbing left on the retractor 

7~ spool may cause injury to the occupant. Sufficient web- 7 

bing is generally wound inside the seat belt retractor, so 

that the seat belt can be used in any seat position. Further, 6 3%/ 
in order for the belt to restrain the dummy in a collision, 

/I 
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L’/~69% 
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Figure 17. Behavior of head. Figure 18. Amount of spooled out seat belt webbing. 
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(2) For evaluation of the occupant protection perform- 

As a result of this study, it is found that the occupant ante according to size, the performances and specifica- 

injury level varies largely according to occupant body tions of dummies should be realistic. This is a subject of 

size, seating posture, and the seat belt. That is, development necessary to solve the present problems. 

(t) The larger the occupant body size, the less the injury There are some differences even in measurement data 

level. Especially with the head injury level, it is found obtained by tests carried out in the same conditions. We 

that when the occupant size is small, the head turning would like to pursue our study for the development of a 

radius becomes small. Thus, the injury level is increased better occupant protection system. 

after completion of the chest movement, because the dis- (3) All of the tests were conducted using weight-drop 

tance between the seat belt restraint point on the occupant sleds, in order to evaluate occupant protection systems 

and the bead’s center of gravity is short, in collisions. In actual collisions, however, complicated 

(2) The begir, ning of the chest restraint is delayed as secondary collisions and various vehicle behaviors will 

the seat slide is moved rearward. Due to this lapse in come into play. For this reason, we should continue to 

time, the Ride-Down Effect is lowered, and thereby the analyze various factors affecting the comparison between 

injury level is increased, weight-drop type sled and actual vehicle tests. 

(3) As the seat is inclined backward, the beginning of 
restraint is delayed as in the case of the seat slide position. REFERENCES 

(4) When the seat belt webbing elongation rate is in- 
creased, the chest restraint is reduced and the injury level 
~ lowered. However, the head forward movement is in- 1. Heinrich Hontshik, Egbert MiJller and Gert Riiter, 
creased, and thus the danger of a secondary collision "Necessities and Possibilities of Improving the Pro- 
against the instrument panel, etc. is increased, tective Effect of Three-Point Seat Belts," SAE Paper 

(5) Furthermore, it is certain that the spooled out web- 770933. 
bing length from the seat belt retractor, even under a 2. Murray Dance and Bert Ensedk, "Safety Performance 
load equivalent to 100 kg, amounts to approximately 70 Evaluation of Seat Belt Retractors," SAE Paper 
percent of the overall spooled out amount, thus leading 790680. 
to a delay in the beginning of restraint. 3. Roger P. Daniel, Kenneth R. Trosien and Burgess O. 

It is important to conduct evaluations under various Young, "The Impact Behavior of Hybrid II Dummy," 
conditions on the occupant restraint system used in the SAE Paper 751145. 
market. ~fqaere are many subjects still to be examined; 4. L. M. Patrick, N. Bohlin and A. Anderson, "Three- 
some of them are mentioned below: Point Harness Accident and Laboratory Data Corn- 

(l) A quick restraint of the occupant by the seat belt parison," SAE Paper 741181. 
immediately after a collision is effective in the sense of 5. David C. Herbert, John D. Scott and Christopher W. 
reducing the injury level. On the highway, people of var- Corben, "Head Space Requirements for Seat Belt 
ious physical sizes are driving in various positions; thus, Wearers," SAE Paper 751164. 

to cope with this, the seat belt should be improved in its 6. Riidiger Weissner, "A Comparison of Advanced Belt 
fitting performance, taking its comfort and convenience Systems Regarding Their Effectiveness," SAE Paper 
into consideration. 780414. 
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rechnical Session No. 2 
Biomechanics and Dummy Development 

Mr. Dominque Cesari, Chairman, France 

The European Communities’ Programme for Promotion of 
Biomechani¢ Research 

HERBERT HENSSLER 
Commission of the European Communi- 
tiesmBrussels 

THE SETTING-UP OF THE PROGRAMME The programme comprised the following six priority 
research themes: 

At the end of 1975 the Commission organized an in- 
Theme 1: Human tolerance and injury criteria concern- ternational Symposium in Brussels in order to discuss the 

future trends in automobile regulations with all interested ing vehicle occupants in frontal impact; 
Theme 2: Human tolerance and injury criteria concern- parties. As far as occupant safety was concerned, the need 

for a new generation of performance-oriented require- ing vehicle occupants in side impact; 

ments was clearly defined. Theme 3: Pedestrian injury mechanisms in impact by 

Consequently, the Commission investigated the avail- vehicle front structures; 

ability in Europe of the three major dements of any safety Theme 4: Development of a standard dummy for side 

regulation: a test procedure, appropriate test tools and impact testing; 

protection criteria based as far as possible on objective Theme 5: Mathematical models of impact and injury pre- 

scientific data. The question of test procedures was al- diction; 

ready under discussion in the Group of automobile ex- Theme 6: Occupant behaviour and interaction during ve- 

perts (WP 29) at the United Nations’ Economic hicle impacts. 

Commission for Europe (ECE) in Geneva. The interest It is important to mention that the intention of the 

of the EEC therefore focussed on the two other elements: Commission was not to set up its own spectacular research 
the test tools, which meant essentially the availability of programme. The objective was to promote and accelerate, 

a test dummy, and the knowledge concerning human by means of decisive financial contributions, ongoing or 
tolerance of accidental constraints, projected research which was required to complete the 

The Commission did not, of course, possess the nee- necessary knowledge for future safety regulations. 
essary expertise among its staff to deal with such specific It was also understood from the beginning that the 
matters. Hence, it seemed advisable to take advantage of programme should be limited in time in order to keep it 

its good relations with the European Experimental Ve- manageable and to allow a rapid assessment of its success. 
hicle Committee (EEVC), the European partner organi- Mainly for budgetary reasons, it was initially agreed to 

sation of the United States in the Experimental Safety run the programme in three phases, starting with the 1978 

Vehicle Programme (ESV). A working group of this Com- budget year. Later it appeared necessary to add a fourth 

mittee had drawn the attention of the Sixth ESV-Con- phase in order to allow the synthesis of the results of the 

ference, held in Washington in 1976, to the existence of different projects and comparative testing of the side ira- 

considerable gaps in the knowledge of impact biome- pact dummy prototypes. 
chanics and of the deficiencies of existing test dummies A total amount of 3.16 million of European account 

in side impact and car/pedestrian accident modes, units (ECU) (1 ECU equals about 0.95 present US dollars) 
was made available by the budgetary authorities of the 
European Communities, divided over the budgetary years 
1978 to 1981 and used as follows: 

OVERALL OBJECTIVES AND FINANCING 
1978:750,000 ECU; 13 projects covering themes 1 to 4 

In 1978, the first year in which a budget was made 1979:750,000 ECU; 19 projects covering themes 1 to 6 
available on this subject, the Commission succeeded, with 

1980:1,000,000 ECU; 28 projects covering the efficient help of EEVC and its working group on 
biomechanics, to establish a coherent programme for the themes I to 6 

promotion of studies, investigations and experiments in 1981:660,000 ECU; synthesis and dummy 
the field of biomechanics, evaluation (6 projects) 
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Most of these projects covered more than one phase, can be found in the scientific paper distributed later on 

so that a total of 37 different projects were promoted, in this session or in the numerous papers and presenta- 

The list of projects and their titles are given in the Annex. tions given by the institutes concerned at previous con- 

The breakdown of the total amount for the six research ferences and meetings. 

themes is as follows: 

Theme 1: 345,000 ECU, 7 projects* Occupant Protection in Frontal Impact 

Theme 2: 780,000 ECU, 11 projects* The majority of road accidents whereby car occupants 

Theme 3: 295,000 ECU, 7 projects* are injured occur under this impact condition. This theme 

Theme 4: 935,000 ECU, 12 projects is therefore of prime importance to the legislator. 

Theme 5: 175,000 ECU, 4 projects Since several years specific legal requirements exist in 

Theme 6: 270,000 ECU, 2 projects Europe relating to occupant protection in frontal acci- 

Coordination and synthesis: 360,000 ECU dents, e.g., the EEC directives on approval and installa- 

tion of safety belts, on interior fittings, strength of seats 
It is recalled that these figures represent only the EEC and headrests, behaviour of the steering system in impact, 

contribution to the overall costs of the different projects, etc. These requirements have generally proved their ef- 
This contribution was never more than 50 percent--an ficiency, but they are considered to be somewhat design- 
average of about 40 percent, in fact. It is therefore per- restrictive. They do not allow the approval of modern 
missible to estimate the global cost of European biome- passive restraint systems and thus prevent the car man- 
chanical research for these years at essentially higher ufacturers from introducing such systems on the Euro- 
figures, pean market. 

Eleven European research organisations, laboratories These considerations led the European legislators to 
or institutes took contracts with the European Commu- envisage a global test which allows the assessment of the 
nities in the framework of this programme. Most of these quality of occupant protection offered by the vehicle as 
passed on subcontracts to other institutes or adopted co- n whole. The definition of such a global test requires 
financing partners, so that it can be assumed that all major sufficient knowledge of the tolerance of those parts of the 
biomechanical research bodies in Europe took part in the human body which are specifically concerned by frontal 
programme. The list of contracting institutes is also given impacts: head, thorax, femur. 
in the Annex. The consultation of the experts showed, however, that 

It is obvious that the management of such a programme despite considerable worldwide research efforts there were 
is a tough job for an administration, even that of the still important gaps in biomechanical knowledge. A major 
European Community. We therefore looked for further participation of the EEC in this field was highly rec- 
help from the outside on two subjects. The scientific co- ommended. Consequently, seven projects were promoted 
ordination between the different projects was assessed by which referred, in general, to the demonstration, in ac, 
a specialised institution by way of contract. It also ap- cident reconstructions and experiments, of the specific 
peared necessary to assess periodically the conformity of constraints of this impact mode with the help of human 
the current work with the objectives of the contracts and substitutes and their comparison with findings of clinical 
its scientific value. For this purpose a Consulting Expert investigations and autopsy of real accident victims. 
Committee was created in which personalities from all 

participating European countries acted as members under 

tt~e most efficient chairmanship of Professor Aldman from Occupant Protection in Side Impact 
Sweden, who has earned the Commission’s wholehearted Accidents whereby occupants are injured by lateral 
thanks, impact are far less frequent than front impact accidents. 

They are, however, of increasing interest to the legislator 

at a time when the first generation of legal measures 

related to frontal accidents becomes effective. Some of 

these individual measures, such as fitting of three-point 
RESEARCH THEMES AND THEIR belts and interior padding, also show advantages in lateral 

impacts. A decisive improvement of occupant protection 

in this case can only be expected from a pooling of dif- 
As far as the six priority research themes are concerned ferent technical measures on the vehicle, e.g., structural 

this paper is limited essentially to a brief explanation of changes. The assessment of the efficiency of such meas- 
the reasons which caused them to be chosen. More details ures again calls for the definition of a global test. 

The gaps in existing knowledge were relatively impor- 

tant and a stronger research thrust seemed necessary. 

Therefore a major part of the EEC’s budget was allocated 

*2 projects cover themes 1 and 2 and 2 projects themes 1, 2 and 3. to this theme. The 11 projects chosen included an inves- 
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tigation of a relevant sample of real-world side-impact "APROD", MIRA’s "SID" and ONSER’s "50". Al! 
accidents and comprehensive accident reconstructions three are presented in the exhibition related to this 9th 

where the accidental constraints of the real victims were ESV Conference. 
compared with those measurable on corpses and dum- These three prototypes, together with an HSRI pro- 
mies. Experimental studies concentrated on the body seg- totype made available by the NHTSA, have been sub- 
ments mainly concerned in this impact mode---head, mitted to a comparative test programme (6 projects in 
thorax, abdomen and pelvis--in order to understand their Phase 4). Their performances were also compared with 
injury mechanisms and consequently to allow the deft- the draft regulatory specifications set up by an ad hoe 
nition of appropriate tolerance levels. Group of EEVC specially created for this purpose. It 

........... must be mentioned that the objective of these comparative 

Pedestrian Protection tests was not to set up a hierarchy among the different 
dummy concepts. The aim was to establish realistic per- 

Accidents between motor vehicles and unmotorized formance criteria with which present dummy concepts 
road users are traditionally of great importance in the 

can comply at reasonable cost, and which can later be 
European Community. Their proportion in accident sta- included in a standard European side impact test for type- 
tistics tends to increase due to the current changes in approval of motor vehicles. 
transportation habits in the present economic situation 
but also due to the positive effect of the legal measures 
relating to the protection of car occupants. Mathematical Models 

Hence it is logical that the legislator considers measures Full-scale car crash tests are invariably very expensive. 
to improve this situation. As far as vehicle-related re- Obviously, it would be advantageous both for researchers 
quirements are concerned, however, the scientific and and for the car industry to have a tool at their disposal 
technical basis does not yet seem complete enough to which enables them to predict the influence of the mod- 
allow the definition of such legal measures. Consequently, ification of individual parameters on the test results on 
the Community deemed it necessary to promote research the basis of theoretical considerations. This aspect is 
projects most likely to fill the gaps in knowledge, mainly equally interesting for the legislator who could thus keep 
of the injury mechanisms of pedestrians struck by car the costs of type-approval testing down to a reasonable 
fronts. The projects chosen were essentially focussed on level. 
the reconstruction of real accidents and on experimental For this reason four projects were promoted which 
investigations referring to the body segments particularly concerned the development of two- and three-dimensional 
concerned: head and knee/lower leg. The possibilities for mathematical models simulating the behaviour of car oc- 
a standard pedestrian test and evaluation methodology cupants in crash situations and allowing to predict their 
have also been examined, injury severity. 

Side Impact Dummy Occupant Behaviour Interaction 
In contrast with the situation for frontal testing, the This theme is of particular interest to the European 

experts consulted by the Commission had declared that Community, as in most Member States the use of three- 
none of the available dummies could produce represent- point belts on front seats is mandatory, whereas the oc- 
ative results under side impact conditions with the degree cupants of other seating positions need not yet wear belts. 
of reproducibility required for whole vehicle type-ap- Hence it is important to establish whether interaction of 
proval testing. Consequently high priority was given to occupants occur during accidents with different impact 
this theme, which received the most important financial directions and whether injury-aggravating effects are oh- 
support of the programme, served. The two promoted projects concerned tests with 

In order to save time and costs it was never intended cars of different sizes occupied by Hybrid II dummies 
to conceive completely new dummy types. The six projects submitted to impacts of different speeds and directions, 
chosen were concentrated on the construction of dummy The expected results should help both the car industry 
components which permit the reproduction of the specific and the legislators to find a solution to this problem, 
constraints of car occupants in side impact accidents: 
neck, shoulder, thorax, pelvis and abdomen. These parts CONCLUSIONS 
were conceived in a way to offer interfaces with the com- 
ponents of the Hybrid II dummy used in the US safety The EEC study programme on biomechanics which 
regulations, has been briefly outlined in this paper has enabled the 

Three different sets of the above-mentioned compo- experts to compile a great amount of scientific data. It is 
nents, based on the concepts of the major contractors, the Commission’s duty towards the citizens of the Eu- 
were built and completed with Hybrid II parts in order ropean Community whose tax money has made the ex- 
to form whole dummy prototypes: Peugeot/Renault’s ecution of this programme possible to use the results of 
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the research work to its best advantage for the purposes It is, of course, impossible to anticipate the conclusions 

of a significant mitigating of the consequences of road of the seminar which hopefully will state a general success 

accidents, of the programme. A partial success can, however, already 

The present standstill of the programme allows us to be seen today. 

assess how close we came to the aim of making available The EEC support, even if it was limited by budgetary 

to the legislators all relevant scientific data which they and time factors, has proved to be an important encour- 

need for the definition of the next generation of safety agement for biomechanical research in Europe. Research, 

requirements. A synthesis report is currently being made ers from many countries have coordinated their projects, 

on the results of the different projects and their comple- thus avoiding useless redundancy. Many projects have 

mentarity to the work carried out in other parts of the been carded out on a joint basis which would not have 

world, been possible on a purely national basis, at least not in 

The synthesis report as well as the conclusions of the such a short period of time. 

individual projects of each study theme will be presented We hope that this spirit of cooperation will subsist and 

to the interested parties of research, industry and admin- that if, at a later stage, joint projects would again be 

istrations at a seminar to be held in Brassels on 21 to 23 defined, this cooperation could be extended even beyond 

March 1983. the bounds of the Community. 

ANNEXE 

List of Contractors and of Study Projects of the 
European Community Biomechanics Programme 

C~ntractor Title of the Study Reference Phase 

Bundesansta~t f~r Strassenwesen Development of a Test Dummy for G 2 1 

(BAST) Postfach 510530 D--5000 Investigating Occupant Protection in the Case 

:KQLN 51 of Side Impacts 

Interaction of Car Passengers in Frontal, Side G 3 2,3 

and Rear Collisions 

Methodology of Developing Accident G 4 3 

Protection Criteria 

Biomechanical Investigation to determine G 5 3 

Physical and Traumatological Differentiation 
Criteria, for the Maximum Load Capacity of 
Head and Vertebral Column with and without 
Protective Helmet under the Effects of Impact 

Proposed Standardized Pedestrian Test G 6 3 

Methodology 

Lateral Dummy Comparison Testin~l G 7 4 

Organisme National de S6curit~ Head tolerance to Acceleration (Brain F 1 1,2,3 

Routi~re (ONSER) Vulnerability from Real Accidents) 

2, Avenue du General Malleret- An Experimental Study of Thorax Tolerance to F 2 1,2,3 

Joinville F--94110 ARCUEIL Seat Belt Loads 

Evaluation of the Behaviour of Different F 4 1,2,3 
Substitutes in Lateral Impact Conditions 
(Improvement of the ONSER 50 for Lateral 
Impact) 

Lateral Dummy Comparison Testing F 12 4 

Scientific Coordination 1,2,3 

Universit~ libre de Bruxelles Unit~ de Characterization of Individual Bone Resistance B 1 3 

recherche de biom~canique du 
mouvement 28, Av. Paul H~ger 1050 
BRUXELLES 

Laboratoire de Physiologie et de Tolerance of the Human Head at Impact; F 6 1,2,3 

Biom(~canique Reconstruction of Head Impacts observed in 

PSA/RENAULT True Life Accidents 

147, Av. Paul Doumer F--91500 Development of a More Convenient Dummy F 10 1,2,3 

F{UEIL-MALMAISON than the Hybrid II Part 572 for Side Collisions 
by using this as a Basis 

Lateral Dummy/Comparison Testin~l F 11 4 
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Contractor Title of the Study Reference Phase 
Nederlandse Organisatie voor Development of Abdominal Injury Detection in NL 3 2,3 
Toegepast Natuurwetenschappelijk Side Impact Dummies 

........... Onderzoek ten behoeve van (Organization and Administration of Lateral 
........ Nijverheid, Handel en Verkeer Dummy Evaluations) 

(Nijverheidsorganisatie TNO) Simulation of Frontal and Lateral Collisions NL 4 2,3 
with Mathematical Crash Victim Models 

Juliana van Stolberglaan, 148 NL-- Madymo-Crash Victim Simulations Optimization NL 6 3 
DEN HAAG and Development to a General Laboratory 

Tool 

....... Lateral Dummy Comparison Testing NL 7 4 

Lateral Dummy Comparison: Theoretical NL 8 4 
Analysis 

Organization and Coordination of 4 
Intercomparison Testing Programme 

Stichting Wetenschappelijk Development of an Injury Prediction Model NL 5 2,3 
Onderzoek Verkeersveiligheid 
(SWOV) Ridder Snouckaertlaan, 7 
NLmVOORBURG 

Transport Research Delegation (TRD) Experimental Study of Adult Pedestrians in S 1 1,2,3 
Sveav~.gen, 166, 14 tr. S---11346 Frontal Impacts--Physical Simulation of 
STOCKHOLM Human Leg--Bumper Impacts 

Development of a Device for Improvement of S 2 1,2,3 
a Standard Dumm}/ 

University of Birmingham P.O. Box Investigation of a Representative Sample of UK 1 1, 3 
363 UK--BIRMINGHAM Real-World Side Impacts to Cars 

B 15 277 

Motor Industry Research Association Lateral Impact Dummy Development UK 2 1,2,3 
(MIRA) 
Watling Street Lateral Dummy Comparison Testing UK 3 4 

UK--NUNEATON 
CV10 OTU 

Joint Biomechanical Research Project Cerebral Tolerance : Interpretation of B 3/ 2,3 
(KOB) Experimental Cerebral Injuries obtained on (F 5) 
Bundesanstalt f~ir Strassenwesen Cadavers 
Postfach 510530 D--5000 KOLN 51 

Reconstruction of Side Impacts Accidents G 1 1 

Pelvis and Femur Human Tolerance in Side B 2/ 1,2,3 
Impacts (F 3) 

The Prediction of Injuries to the Thorax by B !/ 1,3 
Measuring Twelve Accelerations on the (F 7) 
Thorax Periphery 

Reconstruction of Pedestrian Collisions K 5 2 

Rib Cage Deformation in Side Impacts K 9 2,3 

Overall Behaviour of the Animal with Respect K t0 2 
to the Safety Belt 

and 

Influence of the Car Driver Posture on his 3 
Protection in Frontal Impacts 

Analysis of Frontal and Lateral Accident K 11 3 
Reconstructions Conducted in Europe 

Evaluation of the Influence of Inter-Individual K 12 3 
Differences on the Injury Level 

Comparative Pedestrian Test with Side Impact K !3 3 
Dummy 

FIAT Auto S.p.A. Corso Giovanni Development of an Occupant’s Mathematical I 1 2,3 
Agnelli, 200 ImTORINO Model for a Side Impact Test 

Relationship between Occupant’s Behaviour I 2 2,3 
and Vehicle Characteristics in Side Collisons 
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Side Impact Data Analysis 

R. H. EPPINGER and thoracic injury criteria increased. Two advanced 

Head, Biomechanics Group dummies, whose design specifications are based upon bio- 
mechanical data, were introduced. They were a Side Im- 

R. M. MORGAN pact Dummy (SID) designed by the HSRI [3], and the 
Mechanical Engineer and Association Peugeot-Renault (APR) dummy from France 

J. H. MARCUS [4, 5]. Relative to injury criteria, the B parameter com- 

Mechanical Engineer puted from the rib acceleration data [6], power computed 

National Highway Traffic Safety Adminis- from the spine acceleration data [7], and deflection of the 

tration thorax [8] were introduced. (The B parameter computed 
from the upper rib data on the impacted left side is de- 

noted BLUR.) 
In 1980, the APR dummy and the deflection criteria 

underwent further development [9]. The power and B 

As part of a continuing study of thoracic injury re- parameter criteria were substantiated by additional ca- 
sulting from side impact loading, the interrelationships darer data [10]. Comparisons of the SID and APR 
between subject age, various kinematic parameters char- dummy began [10, 11]. 
acterizing the impact, and injury severity were investi- Cesari [12] concluded, based on eight cadaver pendu- 
gated in data from a series of 30 cadaver tests, lum tests, the arm--when positioned along the side of 

These 30 tests include, in addition to the tests previ- the thorax---distributes forces on the thorax. He also 
ously reported by the authors, sled tests conducted by found the BLUR relationship previously established not 
the University of Heidelberg and car crash tests performed to be strictly applicable to pendulum impacts. Methods 
by ONSER. These new data expand the range of subject were developed [13] to allow objective judgment of a 
age to 67 years, dummy’s magnitude and "signature" response to a test. 

Two propositions are examined in this analysis. The Ten cadaveric side impact tests under four different con- 
first being: Can mechanical response measures partition ditions were performed to determine the characteristic 
side impact injuries into different categories? And the mechanical response and resulting trauma outcome [14]. 
second being: Can a continuous function be constructed A dynamic characterization of the human thorax, in the 
that can accurately predict a dependent injury severity form of a digital impulsive response signature, was ob- 
variable given the various response variables available? tained which linked the acceleration response of the struck 

With regard to the first proposition, it is shown that side with the far side of the thorax under side impact 
by using any of a number of kinematic variables the conditions [15]. 
present data can be easily partitioned into two classes Early in 1982, a paper [16] discussed the state-of-knowl- 
consisting of those injuries of an AIS 80 severity of four edge of side impact protection. The French team contin- 
and greater and those of AIS 80 three and less. For the ued their efforts in the development of a protection criteria 
second proposition, peak acceleration of the struck side and introduced a bone characterization factor as an in- 
rib along with age proved the best in predicting a new dicator of thoracic body resistance [17, 18]. 
injury variable, fatality rate, which is a function of two 
highest AIS values in the body region. Age was a needed DESCRIPTION OF TESTS 
explanatory variable in all cases. 

To date, the National Highway Traffic Safety Admin- 
istration (NHTSA) has conducted or participated in 45 
side impact tests utilizing cadaveric specimens. The pres- 

In 1976 Melvin reported on the results of exposing ent paper shall discuss findings based on an analysis of 

cadavers to controlled side impacts [1].* In that paper, 30 of these tests. There are several reasons the analysis 

the test conditions were t5-, 20-, and 25-mph rigid-wall does not include 45 tests. One significant reason is that 

impacts and 20-mph padded-wall impacts. Two years some of the tests are still being processed, i.e., the time 

later, in a further extension of the Highway Safety Re- between the actual test event and when the data becomes 

search Institute (HSRI) cadaver work, Eppinger sug- resident in the NHTSA computer is still considerable. 

gested acceleration-versus-time corridors for key thoracic With other tests, there was a loss of mechanical response 

locations and presented a methodology for universal tho- data. This loss is indicative of the extremely severe en- 

racic trauma prediction [2]. vironment that side impact presents not only to the spec- 

During 1979, investigations into side impact dummies imen but also to the instrumentation. 
Table 1 categorizes the 30 tests by research institution, 

*Numbers in brackets denote references cited at the end of paper, type of test, and number of tests. As can be noted, there 
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Table 1. Data source. 

HSRI . 
6 Rigid wall sled                                        i                   ÷ ~- Scapula 

..... 6 Padded wall sled Rib.- 
4 Pendulum ........... 

Lung 
WSU                                                                                                                      Diaphragm 

1 Padded wall sled                 Thoracic 
Contents Only 

Heidelberg (Above Diaphragm) 
6 Rigid wall sled 
4 Padded wall sled 

ONSER                                                                         , 
1 Baseline car crash 
2 Modified car crash 

Figure 2. 
30 Total Tests 

is a large variation in type of test: from lateral pendulum 
tests to actual vehicle tests. 

In all tests, the physiological consequences were de- 

termined by autopsy after each experiment. The injuries 
produced in the thoraco-abdominal area were the primary 
focus of this analysis. An interesting dilemma exists when c~av~le 
one classifies the observed injuries by the Abbreviated R~b . 
Injury Scale. That is, injuries to the thorax include the .... ~ ;~ Lung 
rib cage and those organs and structures above the dia- 

~ / - Heart 

phragm as seen in Figures 1 and 2. Abdominal injuries 
Oiaphragm 

Liver 
Spleen 

............. include all structures below and including the diaphragm 
............... [19], whether they are within the thoracic rib cage or not Hard Thorax 

as shown in Figures 3 and 4. (Within Rib Cage) 

Since the experimental measurements consist solely of 
responses of the rib cage, two types of AIS injury clas- 
sifications have been made, the first, AIS thorax (AIST) 
includes only those thoracic injuries as defined by the 
AIS manual. The second classification, AIS hard thorax 
(AISnT), includes--in addition to the standard thorax Figure 3. 

injuries--those injuries of abdominal structures that lie 
within the rib cage, specifically the liver, spleen, and 
kidneys. 

A third dependent injury variable was also examined 

Thoracic Vertebrae 

Thoracic ! gm Hard Thorax Lueg 
Contents Only (Within Rib Cage) 

(Above Diaphragm) Kidney 

Figure 1. Figure 4. 
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Table 2. Fatality rate by (AIS1, AIS2). in this analysis. It is called "fatality rate" and is derived 
using the two highest AIS injuries observed in a particular 

(AIS1, AIS2) Fatality occupant [20, 21]. That is, each possible pair of AIS values 
rate 

has associated with it a particular fatality rate. This fa- 
(0, 0) .00000 tality rate was calculated from the National Crash Se- 
(1, 0-1) .0001131 verity Study by examining each AIS pair category and 
(2, 0-1) .00073 calculating the percentage of observed fatalities within 
(2, 2) .00456 

each subgroup. Table 2 shows each AIS pair and its 
(3, 0-1) .00434 associated fatality rate. This table appears to allow a 
(3, 2) .00593 
(3, 3) .02174 reversal of the process, i.e., the ability to transform from 

(4, 0 -I) .0392 
a given fatality rate back to the corresponding AIS pair. 

(4, 2) .04301 The only ambiguity to this process occurs between the 

(4, 3) .10526 (2,2) and the (3,0-I) classifications. 
(4, 4) .! 2821 Applying the preceding discussion to the 30 side impact 

(5, 0 -1) .28 cadaver tests, Table 3 illustrates that the AISnT is higher 
(5, 2) .36667 than AIST in four instances and that the fatality rate is 
(5, 3) .48529 different in 17 cases where the highest AIS is the same. 
(5, 4) .58182 

(The AIS values use the AIS 80 manual.) (5, 5) .86364 

(6, ANY) 1.00000 Of the 12 accelerometer channels available [2] from the 
specimen tests, this analysis concentrated on examination 
of lateral responses observed on the fourth rib of the 
struck side of the rib cage and the twelfth thoracic ver- 
tebra. Parameters extracted from these signals include 
peak acceleration (see Appendix A for the procedure fol- 
lowed in preparing each signal) of the rib and spine, a 
synthetic relative velocity between the left and right side 
of the rib cage [15], and peak average power which is the 

Table 3. Comparison of injury values, maximum incremental velocity change squared divided 
by incremental time. Age was also utilized as an explan- 

q’est type AISr AISNr FR~r Age atory variable since a variety of studies have demonstrated 
Rigid wall 1 1 .0001131 80 the increased susceptibility of the human body to trauma 
Rigid wall 5 5 .0636 75 with increasing age [22, 23]. 
Rigid wall 4 4 .10526 84 
Rigid wall 4 4 .12821 89 
Padded wall 2 2 .00073 67 

Padded wall 4 4 .04301 62 ANALYSIS OF DATA 
Padded wall 3 3 .00593 72 
Padded wall 4 4 .0392 58 When performing an analysis of data, it is useful to 
Pendulum 1 1 .0001131 63 
Pendulum 3 3 .00434 60 know what the analysis is going to examine. This analysis 

Pendulum 1 1 .0001131 60 examined two propositions. The first being: Can me- 

Pendulum 3 3 .02174 79 chanical response measures partition injuries into two 
Rigid wall 5 5 .4853 66 categories; those severe or greater (AIS > 4) and those 
Rigid wall 4 4 .1282 45 from minor to serious (AIS < 4)? The second proposition 
Padded wall 4 4 .1282 77 examined was: Can a continuous function be constructed 
Padded wall 4 4 .10526 71 that can accurately predict the dependent injury variable 
Padded wall 2 2 .00073 54 

given the various independent variables available? Rigid wall 1 2 .00456 27 
Rigid wall 2 3 .02174 60 Figures 5 and 6 indicate that indeed both peak rib 

Rigid wall 2 2 .00073 38 acceleration and peak synthetic relative velocity (feet per 

Padded wall 0 1 .0001131 21 second) partition the severe and greater injuries from the 

Padded wall 1 1 .0001131 26 lesser ones quite well and--if this were sut~cientwad- 
Padded wall 0 0 .0 29 ditional tests would be necessary only to gain further 
Padded wall 2 2 .00073 41 
Rigid wall 0 0 .0 24 confidence in the partitioning line for the years from 20 

Rigid wall 4 4 .12821 57 
to 40. (The numbers in the middle of Figures 5 and 6 

Rigid wall 4 4 .12821 56 denote AISv based on the AIS 80 manual.) For this data 

Baseline car 4 4 .12821 40 set, peak acceleration was found to be highly correlated 
Modified car 2 3 .00593 43 with peak average power for the same anatomical location 
Modified car 4 4 .12821 52 and, therefore, in the following discussion, general con- 
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Rib Acceleration vs Age 5o 
450 r- 

5 
400 J- 40 

350 ~ ~" 
5 

~30~ 4 
300~ 

~ 
22 4~4 

4 4 

4           4 250~                         5 

200 ~ 4 
j~ 1 0 2 

4 ~" 1 2 
150 ~ ~ ~ ~ ~ 4 4 

0 1 0 ~ 2~4 24 4 4 
10 2 41                                                            3 3 3 

100~ 2 2 
2        4 1~ 

50 ~ 1 
1    2 3    3 

0 
3 1 20    30    40    50    60    70 80 90 

0~ 
20 30 4-0 ~0 60 7~0 80 90 Age (Years) 

Age (Years) 

Figure 7. Constant AIS lines on data. 
Figure 5. 

clusions reached relative to peak acceleration also apply the lack of severe injuries in the younger age bracketm 
to peak average power, that the equation has an exaggerated dependence on age. 

Efforts to predict AIS thorax gave the following results: Similar results are seen when examining the other linear 
AIS regression equations. 

AISr = 0.82AV + .05 Age - 1.8 R = .81 (1) Naturally, the regression equations are only good for 
S.E. = .93 values of the dependent variables which lie within the 

AIST = .0089 ALuR + .049 Age 1.1R = .77 (2) 
region covered by the original data [24]; e.g., the equations 
are not to be used for a 5-year-old child because children 

S.E. = 1.01 were not included in the original data set. The values of 

AISr = .011 AT12 + .057 Age -- 1.3 R = .74 (3) the observed variables are in Appendix 13. 
Linear regression on AIS hard thorax yields the fol- 

S.E. = 1.03 lowing results: 

For this linear regression analysis, the synthetic relative 
velocity (feet per second) performed the best, but just AISr~T = .081AV + .044 Age -- 1.2 R = .79 (4) 
marginally. A discussion of these equations would not be 
complete without giving some indication of how the con- S.E. = 92 

stant AIS lines map onto the data points. Some of the AISnv = .13088 ALUR ÷ .042 Age -- .5 R = .74 (5) 
constant AIS lines from equation (1) are mapped onto 
the data in Figure 7. Note the AIS = 3 line goes through S.E. = 1.0 

a number of AIS = 4 data points. It appears---due to AISaT = .012 AT12 ÷ .049 Age -- .75 R = .72 (6) 

S.E. = 1.0 

Rib Relative Velocity vs Age 
So when all is said and done, adding abdominal trauma 

50[- 
s 

to that which lie within the thoracic rib cage had little 

! effect on the coefficients of the linear equations other than 

4°F shifting the curves by a constant term of about .6 of an 
iF s AIS value. Stated another way, when considering the 
-~- 3o~ "~4 ,~ 4 4 same impact event, the injury severity of the hard thorax 

4 4 ’~ is approximately one half of an AIS level greater than 
~" 20 0 4 when considering injuries to only the thorax. 
~ 10 2 1 

~ 1 2 2 Age enters all these linear equations with roughly the 

10 2 41 
Z 3 3~......~ 

same coefficient, .05. In other words, in going from 20 
3 .~ years to 80 years all other things being equal~there is 
±. , an AIS increase of 3. About 41% of the variation of AIS 

020 3’0 40 50    60 70 80 90 can be attributed to a linear relationship with age. Again, 
Age (Years) 

this appears to be an exaggerated dependence on age, a~nd 

Figure 6. the use of these equations is not recommended. 
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5 

250 ~                                 ..49 ~ ~=.~ ~ ~ ~ 5 

20    30    40 50    60    70     80 
Age (Years) 

Figure 8. Constant fatali~ rate lines mapped onto data. 
Figure 9. AIS lines derived from fatali~ rate regression lines, 

£xam~n~ th~ results o£ predicting £ata]hy rote based t~]hy rote ]~n~s ar~ the ]~ear r~gr~ss~o~ F~d~cfio~ based 

on the hard thorax inju~" is shown here: on equation (7). 
Based on the family of predicted linear regression lines 

FR~ = ~2 A~vg + .~18 Age-- .25 R = .94 (7) of Figure 8, it is possible to predict the constant AIS1 

S.E. = .06 lines by using Table 2. For example, Table 2 shows that 
AIS1 = 3 injuries sta~ at a fatality rate of roughly 

FReT = ~014~V + .C~26 Age - .34 R = .82 (8) 0.~34. Substitution of FR = .~34 into equation 7 

S.E. = .1 dete~ines a line on Figure 8. This same line becomes 
the constant AIS1 = 3 5he in the AIS i~u~ space as 

FR~x = .~2 Ar~= + .~36 Age -- .28 R = .67 (9) shown in Figure 9. 

S.E. = . 13 There are a number of interesting implications in going 
from Figure 8 to Figure 9. For one, the linear lines in 

Peak acceleration along with age appears to perform the fatality rate space (Figure 8) have become nonlinear 
the best. Here the age sensitivity is less and more con- in AIS space (Figure 9) by vi~ue of the transformation 
sistent with the data, i.e., a 60-year increase in age reduces of Table 2. For another, the constant AIS 1 = 1 and AIS 1 
the required peak G’s by 54 to produce the same fatality = 2 lines have been mapped almost on top of the AIS 1 
rate. This is quite ~nsistent with the data as can be seen = 0 line. (In fact the AIS 1 = 1 and AIS 1 = 2 lines are 
in Figure 8. not shown in Figure 9 because they are indistinguishable 

For completeness, the fatality rate for the thorax pre- with respect to the AIS1 = 0 line for the given scale.) 
dictive equation with the highest co,elation coe~cient A fu~her examination of these various functions was 
is presented here: peffo~ed by posing the following question: "What injury 

level could be expected by a 45-year-old victim were he 
FRx = .~2 A~vg + .~18 Age - .26 R = .92 (10) to experience either a 50, 1~, or 150 G peak fib accel- 

S.E. = .07 eration?" Table 4 demonstrates the results. 
It can be seen that the dkectly calculated AIS for the 

Equation (7) is essentially identical to equation (10). hard thorax does not have as great an AIS variation due 
On Figure 8 the 30 data points have been plotted in to changes in acceleration as does the AIS dete~ined 

thtality rate space. The number beside each data point is using fatality rate. In other words, the fatality rate 
the observ~ hard thorax fatality rate. The constant fa- model~because the relationship in Table 2 between FR 

Table 4. Predicted inju6, based on three acceleration levels. 

R~b AIS Fatali~ AIS1 
Acceleration Hard Rate Hard Corresponding 

(G’s) Thor~ Thorax to That 
Fatali~ Rate 

50 1.83 .0 0 
100 2.27 .031 3 
150 2.71 .131 4 

Age = 45 Years 
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and AIS1 is nonlinear--rapidly moves the AIS1 through 3. Melvin, J. W., Robbins, D. H., and Benson, J. 
the 0, 1, and 2 levels up to AIS1 = 3 and then on to "Experimental Application of Advanced Thoracic 

AIS1 = 4. When examining the results from these two Instrumentation Techniques to Anthropomorphic 
models against the actual data in Figure 5, the latter Test Devices," Seventh International Technical Con- 
process appears to perform the better. (The AIS1 in this ference on Experimental Safety Vehicles, June 1979. 
example was determined by first calculating the expected 4. Fayon, A., Leung, Y. C., Stalnaker, R. L., Walfisch, 
fatality rate and then referring to Table 2 to find the G., Balthazard, M., and Tarriere, C., "Presentation 
AIS1.) of a Frontal Impact and Side Impact Dummy, De- 

fined from Human Data and Realized from a ’Part 

CONCLUSIONS                                      572’ Basis," Seventh International Technical Con- 
ference on Experimental Safety Vehicles, June 1979. 

5. Stalnaker, R. L., Tarriere, C., Fayon, A., Walfisch, 

1. Both peak struck side acceleration and synthetic rel- G., Balthazard, M., Masset, J., Got, C., and Patel, 
ative velocity partition injuries into AIS > 4 and AIS A., "Modification of Part 572 Dummy for Lateral 
< 3 groups well. Impact According to Biomechanical Data," Twenty- 

2. Age has a statistically significant effect on injury out- Third Stapp Car Crash Conference, October 1979. 

come with every mechanical response parameter ex- 6. Robbins, D. H., and Lehman, R. J., "Prediction of 
amined. Thoracic Injuries as a Function of Occupant Kine- 

3. Synthetic relative velocity and age were the best pre- matics," Seventh International Technical Conference 
dictors of AISr and AISr~T when requiring a linear fit on Experimental Safety Vehicles, June 1979. 
through the data. However, the predicted AIS has an 7. Burgett, A., and Hackney, J. R., "Status of the Na- 
exaggerated dependence on the age of the subject and tional Highway Traffic Safety Administration Re- 
these relationships are not suggested for use. search and Rulemaking Activities for Upgrading Side 

4. Peak struck side rib acceleration and age predicted Impact Protection," Seventh International Technical 
fatality rate best. Conference on Experimental Safety Vehicles, June 

5. Given a predicted fatality rate, one can reverse the 1979. 
process and determine the maximum expected AISrrr. 8. Tarriere, C., Walfisch, G., Fayon, A., Rosey, J. P., 

This process provided the best continuous prediction Got, C., Patel, A., and Delmas, A., "Synthesis of 

of AIS that was the most consistent with the data. Human Tolerance Obtained from Lateral Impact 
Simulations," Seventh International Technical Con- 
ference on Experimental Safety Vehicles, June 1979. 
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Human Head Tolerance to Lateral Impact Deduced 
from Experimental Head Injuries Using Primates 

ATSUMI KIKUCHI, KOSHIRO ONO developed, whereas relatively more qualitative analyses 

Japan Automobile Research Institute, Inc. have been performed. 
Ourdjian et al. reported the Wayne State Tolerance 

NORIO NAKAMURA Curve (WSTC) regarding tolerance thresholds against 
............. frontal impacts in 1965, based on data obtained from a 
............. Department of Neurosurgery number of animal tests, skulls, cadavers, volunteers and 

: Jikeikai University clinical cases. (4,5,6) Since then the WSTC has been used 
extensively not only as a criterion for motor vehicle safety 

ABSTRACT but also as an index to safety against head impacts. The 
author et al. recently extrapolated the threshold of human 
brain concussion against frontal or occipital impacts from 

Impacts were applied to temporal regions of 23 sub- 
human primates, while controlling 1) impact velocity, 2) 

the results of head impact tests performed using subhu, 

impactor elasticity and 3) impact stroke. Such impacts 
man primates, (7,8,9) which was reported as the JARI 

were repeatedly applied to test primates until they showed Human Head Tolerance Curve (JHTC) (10,11). As a 

symptoms of brain concussion or other brain injuries. As 
result, it was confirmed that the WSTC developed by 

a result, the range of head accelerations, in which brain 
Gurdjian et al. employed injuries similar to brain con- 

concussion and pathological brain injuries such as sub- 
cussion in terms of severity as the index to tolerance 
thresholds. 

dural hemorrhage, brain stem hemorrhage, etc. were 
In recent years, safety measures for motor vehicle side 

likely to occur, was clearly indicated on the coordinates 
collisions have been attracting the attention of people 

represented by the averaged resultant head acceleration 
concerned, but safety thresholds of head, thorax; pelvis, 

and its duration of impact. 
etc. against lateral impacts are not recognized yet. The 

This provided a clear indication of thresholds of severe 
author et al., therefore, carded out lateral impact tests 

pathological brain injuries as well as the threshold of brain 
concussion of subhuman primates against lateral impacts, 

using subhuman primates, in an attempt to clarify tol- 

erance thresholds against lateral impacts through the ex- 
Based on the experimental results using subhuman pri- 

trapolation of human brain concussion threshold 
mates, the extrapolation was done of human head accel- 

according to experimental results, 
eration and its duration, and thresholds of human brain 
concussion and severe pathological brain injuries were 
deduced. From results thus obtained it was estimated that EXPERIMENTAL SUBJECTS 

the tolerances to brain concussion and severe pathological Twenty-three subhuman primates which were mor- 
brain injuries for humans and subhuman primates were 
higher for lateral impacts than those of frontal or occipital 

phologically, anatomically and physiologically analogous 

impacts and that the hemorrhage of callosal, cortical and 
to humans were used as test subjects. The primates were 

subcortieal was often involved at time of occurrence of 
classified as follows; 7 Macaca fuscatas (Japanese mon- 

brain concussion by lateral impact on the head. According 
keys), 12 Macaca mulattas (Rhesus monkeys) and 4 Ma- 
caca fasicularises (crab eating monkeys)consisting of 21 

to the above, it was concluded that it should be appro- male monkeys and 2 female monkeys: Their weights 
priate to determine the tolerance threshold of the lateral 

ranged from 4 to 13 kg, presumed ages from 3 to 9 years 
impact, using slight skull fracture, minor subarachnoid 

old. 
hemorrhage or other similar head injury for reference. 

EXPERIMENTAL APPARATUS AND IMPACT 
INTRODUCTION METHOD 

Doctors who actually engage in clin~, al treatment feel The impactor ejection apparatus shown in Figure 1 was 
that a certain pattern exists among head traumas, and used as the test equipment to apply impacts to temporals 
there are clearly some rules concerning the relationship of test monkeys. The posture of each test monkey was 
between the direction of force and area of brain injury, held by subject restraint device shown in Figure 2. The 
Nevertheless, only a few quantitative analyses of the re- impactor ejection apparatus was capable of colliding the 
lation between the impact region, injury and impact mag- piston, accelerated ~by the compressed air, against the 

nitude have been done, (1,2,3) and the tolerance of each impact shaft located at the front end of the cylinder, for 
region of the head against impacts has not been clearly ejection of the impact shaft. The impact stroke was con, 
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Accelerating 
p~ .... (kg) | 

O~’~:~" Compressed 2000~" Rubber hardness 
Impact shaft Cylinder of Control valve air tank 

acceleratmg .. ~ . 
70 

Figure 1. Impactor eiection apparatus. 1500 

trolled by the impact shaft stopping position, The max- .30 

imum capability of the impactor ejection apparatus was 

50 m/s where the weight of the impact shaft was 13 kg, 1000 

The impactor head was made of a solid rubber block of 

120 X 80 X t00 mm, and the degrees of hardness of the ~ 

rubber block were 20, 30 and 70. Elastic characteristics -~ 20 

of each impactor head are shown in Figure 3. Each test 500 

monkey under light anesthesia was seated on the subject 

restraint device with its chin held by a urethane foam 

block, while impacts were applied. The impact direction 

was vertical to the sagittal plane of the head, with the 
0 

Frankfurt line of the monkey’s head held horizontal (Fig- 10 20 30 40 

ure 4), The upper region of the zygomatico arch was 
(ram) 

selected as the area of impact in order to avoid fracturing 
Deflexion of impactor head 

of the zygomatico arch, The magnitude of impact was 

controlled by 1) impactor ejection velocity, 2) impact Figure 3. Load-deflexion curve of impactor head. 

stroke and 3) impactor head elasticity. After applying 

impacts, the test monkey’s head was held by the sup- 

porting net so as to avoid the hyperextension of the neck. moving while avoiding secondary collision. At that time, 

At the same time when the body fell against the sup- the chair on the subject restraint device did not travel. 

porting net, the net started to tilt by 30 to 60° while 

reducing the velocity, then stopped. Owing to the braking PHYSICAL MEASUREMENTS AND BIO- 
function of the supporting net, the test monkey stopped LOGICAL OBSERVATION 

Ketamin hydrochloride for anesthesia was injected into 
Sagittal the muscles of each test monkey about 2 hours prior to 

plane the test. Under the anesthesia, the test monkey’s physical 

! Impactor dimensions and weight were measured and various trans- 

Subject I 

z 

Impactor head 
plane 

¯ 

net 

Y 

ect 

Head setting 
x 

urethane form 

Figure 4. Impact direction; impact direction was se~ vertical 
to the sagittal plane, with the Frankfurt line set 

Figure 2. Subject restraint device, horizontal. 
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ducers, electrodes, etc. were installed onto specified lo- held in 10% formalin solution. After 4 weeks or so, they 

cations. The coordinate reference frame of the subject’s were dissected and studied under an optical microscope. 

head was set at the left.hand system. X-axis was set in 
.......... parallel to the Frankfurt line, while Y and Z axes were EVALUATIONS OF IMPACTS AND 

set vertical to the X-axis. Head acceleration of each axis INJURIES 
was measured by the accelerometer of semiconductor 
strain gauge type (AH-2000, ST). Values measured by Magnitudes of impacts on the head were evaluated by 
such accelerometers were analyzed and processed through head acceleration and its duration, while brain injuries 
low-path filters by means of a data processing system were evaluated by the extent of damage to brain concus- 
(NOVA Nihon Minicon). Velocity of impactors was sion and pathological brain injuries. The methodology 
measured optically by laser beams and phototransistors, and criteria are given in the following. 
Behaviors of test monkeys were photographed by high 
speed cameras at 4000 frames per second (HYCAM, Ped- 

lake) from the direction of X-axis on the head, and the Magnitude of Impacts 
results were studied by a film analyzer (Motion Analyzer, The magnitude of impac~ from the impactor to the test 

.............. Nack). Electroencephalograms (EEGs) were induced 
.... from right and left sides of the frontal-temporal and the 

monkey head is judged by the averaged resultant head 
acceleration and its duration. 

parietal scalp, while electrocardiograms (ECG) were in- The resultant acceleration is expressed by the absolute 
duced from the front chest. Respiration measurements 

value of the sum of vectors of accelerations on X, Y and 
were made by means of thermistor-type respiration meters Z axes. The resultant acceleration is obtained by equation 
(MTR-2TIS, Nihon Koden). The foregoing biological 

(1), while the duration of the resultant acceleration is 
data were recorded on an electroenceparagraph (EEG- 

expressed by 10% level interval against the maximum of 
4109, Nihon Koden) and pen-type oscilloscope (RTG- the resultant acceleration (Figure 5). 
3034, Nihon Koden). Before and after each impact, pu- 
pillary light reactions, ciliary reflexes, winks, occular GR(t) = ~/Gx2(t) + Gv2(t) + Gz~(t) (!) 

movements, spontaneous movements, etc. were repeatedly 
observed from time to time. X-ray tests were also done 

where, GR : resultant acceleration 

on the head and neck before and after impacts, and skull Gx : X-axis acceleration 

dimensional measurements were performed and fractures Gy : Y-axis acceleration 

checked, etc. Autopsies were made immediately after Gz : Z-axis acceleration 
death for fatal cases, while surviving monkeys were sub- The averaged value of the resultant acceleration is the 
jected to euthanasia using nembutal sodium solution 1 value obtained by the integral value of accelerations 
hour to 7 days after the impact test, and then given an within the duration by the duration. 
autopsy. After autopsy, fracture of the skull and cervical 
vertebra was examined first and extra-intradralle hem- 
orrhage was investigated next. Finally the brain, the cerv- Criteria of Brain Concussion 
ical spinal cord and upper portion of the thoracic spinal 

cord were taken out in one, and the skull base duramater 
The extent of damage of brain concussion is judged 

was opened to check skull base fractures. After taking 
mainly by 3 indices of 1) disappearance of ciliary reflex, 

photographs and weighing, the brain and spinal cord were 
2) apnea and 3) bradycardia, while making reference to 
test results of neurological reflex and physiological re- 
sponse. 

¯ Criteria: 
G , £tl a. Ciliary reflex disappears for 20 seconds or longer 

Avcrag* Acc; G =           t,17t, ]g( t ) d t after impact 
,z- 1Jh 

b. Apnea continues for 20 seconds or longer after ira- 
pact 

c. According to the degree and duration of bradycar- 
dia, bradycardia is classified by "none", "slight" and 

0.11~ax "severe", and judged as "severe". 

~2 M s ec The degree of brain concussion is classified into 3 grades 
i1_    D u rat le n as listed below, according to the criteria mentioned above. 

Brain concussion grade 0: does not fall under either one 

Figure 5. Duration of acceleration; time interval tl -t2 at 10% of a, b or c. 

level of max. acceleration is assumed as accel- Brain concussion grade I: falls under either one of a, b 

eration duration, or c. 
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Brain concussion grade II: falls under two out of a, b and with the neck acting as the fulcrum, while crushing fur- 

c. ther into the impactor head. 

Brain concussion grade III: falls under all of a, b and c. (3) Impactor stop: The impactor stopped with the pre- 
set stroke. In some cases, the monkey head was accel- 
erated ’due to the rebound of the impactor after its 

Criteria of Pathological Changes stopping, while in other cases the head was not acceler- 
Pathological brain injuries differ greatly according to ated. 

the area and contents of injury. Although it is dit~cult (4) Termination of impact: Even after the monkey head 

to make a general classification and grading of patholog- left the impactor head, it fell sidewise further with the 

ical brain injuries in terms of morphology, the location neck still acting as the fulcrum, then stopped as the in- 

of injury-, etc., grading is given in this report as listed on clination angle became 90* to 100% and was held by the 

Table 1 for injuries found by this experiment. Conse- side net. 
quently, pathological brain injuries were classified into 4 (5) Finale: The body fell toward the direction of impact 

grades, including the grade of "intact". as it was pulled by the head through the neck, then held 
by the side net. The side net in turn inclined by 60* or 

RESULTS OF EXPERIMENT 
so while braking down the speed, then stopped. As men- 
tioned above, nearly reproducible macroscopic head be- 
haviors were obtained throughout the experiment. 

Impacts were applied 1 to 5 times per test monkey, 
which totaled 75 times for 23 monkeys, with impactor 
velocity of 10 to 27 m/s, impact strokes of 20 to 80 mm Head Accelerations 
and impactor head rubber hardnesses of 20 to 70. As a 
result, si~ficant brain concussions (grade II and III) Measurements of effective head acceleration for all of 

were found 12 times (16%) out of total impacts of 75 X, Y and Z axes were obtained in 56 cases. In the 56 
effective measurement cases, accelerations occurred in all times, some degrees of pathological brain injuries were 

found in 18 monkeys (78%) out of 23 monkeys, and skull directions of X, Y and Z axes. For the processing of 
acceleration data, a low-pass filter with a cut-off frequency fractures were found in 6 monkeys (26%). 
of 1650 Hz was used. Typical examples of time histories 
of head accelerations are shown in Figure 6. In every 

Head Behaviors impact, the Y-component head acceleration which coin- 
cided with the direction of impact showed the maximum 

According to results of high speed film analysis, details 
acceleration. In case of the time history of Y-component 

of head behaviors upon impact differ from impact to 
head acceleration, the standard pattern of waves was that 

impact according to differences in impact conditions. For 
a triangular wave with a sharp peak appeared initially, 

rnacroscopic behaviors of test monkeys, however, the fol- 
lmving common sequential behaviors were found starting 

and was followed by a half sine wave or flat wave. The 

from the moment when the monkey head contacted the peak value of the sharp triangular wave which appeared 

impactor to the moment when the monkey head stopped, 
first tended to become greater as the impactor velocity 

(1) Initiation of impact: The impactor head surface 
increased or the impactor head hardness become harder, 

contacted the temporal region while keeping itself parallel 
ranging from 190 G to 2800 G. The head acceleration 
wave of Y component that followed the first sharp wave 

to the sagittal plane of the test monkey. As the impact 
progressed, the monkey head started moving toward the 

varied its form according to impact conditions. Under 
conditions where the impactor was soft (rubber hardness 

direction of impact, while crushing into the impactor 
20) and the impact stroke was long (60 to 80 mm), the 

head. 
duration of head acceleration tended to become long, 

(2) Progression of impact: As the impactor further 
while the duration of head acceleration tended to become 

progressed, the monkey head started falling to one side 
shorter where the impactor head was hard (rubber hard- 

Table 1. Classification of pathological brain injury of no- ness 70) and the impactor strokes were short (20 mm). 

fractural case. Head accelerations of X and Z component were smaller 
than the Y-component acceleration, but the duration of 

~jury Severity ~njury acceleration was longer for the Z component in most 
o ~ta~ cases. This was due to the rotation of the head around 

~ g~b .... ~nol~ h ..... hage the X axis centering about the neck, and the Z component 

~ Cor~i~a~ or S~ort~oal ~ .... rhage acceleration continued even after the head had left the 
ca~os~ h ..... hage impactor head. The acceleration of the X component was Thalamus or Basal ganglia hemorrhage 

smaller than Y and Z components in every ease. 
III Brain stem hemorrhage 

Subependymal h ..... hage The wave form of the resultant acceleration obtained 
.......... 

Subdural ~ ..... hag° from each component of acceleration in X, Y and Z axes 
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Figure 6. Time histories ofhead acceleration. 
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had wave form approximate to the sharp peak wave of in Figure 8. Normally, during the fluctuation of blood 

the acceleration of the Y component which was the prin- pressure, bradycardia also appeared, and as the blood 

cipal component, and it also appeared in the initial stage pressure resumed its original level, bradycardia also dis- 

of impact, and the effect of the Z component on the appeared. Therefore, bradycardia was nearly nil or slight 

duration of the resultant acceleration was significant. The when the blood pressure fluctuation was Type I, but it 

averaged resultant head acceleration of 56 effective meas- became more significant for Type II and Type III. The 

urements ranged from 70 to 1310 G, and the duration case with the most significant bradycardia showed Type 

was in the range of 2.2 to 43.0 ms. III blood pressure fluctuation and the R-R interval on 
the ECG was 0.5 sec before impact and 5.6 sec after 

impact, showing an increase rate of 11 times or so, the 
Head Injuries original interval then resuming within 5 minutes or so. 

Physiological and neurological observations: Some phys- The recovery time in most cases was between 1 and 5 

iological and neurological changes were observed in every minutes. Damages appearing in heart rate were judged 

case. Respiration stopped initially after impact, then re- as "none", "slight" and "severe" using R-R interval and 
sumed as time went by in many cases. In cases where the its duration as criteria. Consequently, 17 cases out of 56 

injury" was slight, however, the respiration cycle hardly impacts of head acceleration effective measurements were 
changed, whereas test monkeys died without recovering judged as "severe", which means that at least one of our 

from apnea in cases of severe injuries, showing significant criteria for brain concussion, out of 15 cases of non-skull 
variations in respiration. Nevertheless, respiration pat- fractures, was found. In most cases ciliary reflex and light 
terns may be roughly classified into the following 5 types reaction were found to be lost, and cases in which ciliary 

(Fig. 7). reflex was resumed within 10 sec amounted to 17 cases 

a. No changes in respiration cycle 
out of 56, accounting for 30% of the total effective meas- 

b. Respiration stopped initially rapidly resumed after 
urements, and those which recovered within 20 sec ac- 

a certain time 
counted for 70% or so. The longest recovery time was 

c. Respiration stopped initially resumed gradually 
154 sec. As for light reaction, on the other hand, 16% 

d. Stopped respiration was initially resumed but de- 
were less than 10 sec, and 57% less than 20 sec, with the 

teriorated again 
longest recovery time being 190 sec. The number of cases 

e. Stopped respiration was not resumed 
requiring more than 20 sec (a criterion for brain concus- 
sion) for the recovery of ciliary reflex was 17, out of 

Of 5 types listed above, cases that fell under b an~! d which 12 cases had no-skull fractures. 
often showed irregular an weak breathing, but all of them Using respiration, heart rate and ciliary reflex men- 

were considered as recovered cases. Therefore, out of 56 tioned in the foregoing as indices, brain concussion judg- 
effective head acceleration measurements, cases that re- ments for the 56 effective head acceleration measurements 
quired more than 20 seconds (a criterion for brain con- were done as follows; brain concussion 0:30 cases, brain 
cussion) to recover from apnea were 12, and 10 cases of concussion I: 16 cases, brain concussion II: 6 cases, and 
no-skul! fractures were found. III: 4 cases. Thus significant brain concussion was ob- 

Correlationship was found between blood pressure and served in 10 cases (18%), out of which 3 monkeys had 
heart rate. That is, in many cases, the greater the blood skull fractures. 
pressure fluctuation, the greater became the variation in 

heart rate. Blood pressure variation patterns after impact 

may be classified into the following three types, as shown 

Figure 7. Respiration pattern after impact. Figure 8. Blood pressure pa~ern after impact. 
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Pathological observations: Skull fractures were found in Table 2. Pathological brain injuries no-fractural cases. 

6 monkeys, out of which one monkey did not have path- 

ological brain injury due to the fact that the fracture was 
only orbital. The remaining 5 monkeys had skull base 

fractures, all of which except one were comminuted de- 

pressed fractures. This type of fracture caused very serious 

injuries of brain contusion, brain crush, subdural hem- 

orrhage, etc. as compared with non-fracture cases, and 

such monkeys died within 15 minutes. Neurological reflex 
and physiological response of two monkeys of the above 

resumed within 1 minute, but two other monkeys resumed 
I.L.: ipsilateral to the impact side, C.L.: contratateral to the impact side, B.L,: bilateral 

neither of them. 

Of 17 monkeys that had no-skull fracture, on the other 

hand, one died within 15 minutes and two others died in 

6 to 7 days. The 15 minute fatal case had extensive sub- 

..... dural hemorrhage and subarachnoid hemorrhage, and The head acceleration is represented by the mean of 

........ judged as "brain concussion III". Two fatal cases that the resultant acceleration of X, Y and Z components, 

died in 6 to 7 days did not show any visible injuries, and while the brain concussion is expressed as brain concus- 

their brain concussions were below "brain concussion I". sion grades of 0 (intact), I (slight) and II or III (signif- 

Pathological brain injuries of total 18 monkeys consisting icant). In Figure 10, concussion grades 0 and I incidence, 

of 17 no-fracture cases and 1 case of orbital fracture and concussion grades I and II or III incidence distil- 

without any effect to the brain are shown on Table 2. Of butions are partially overlapped, but respective regions of 

......... the above, subarachnoid hemorrhage was found in 9 men- brain concussion grades 0, I and II or III are nearly 

keys and callosal hemorrhage in 9 monkeys. Cortical clarified. In particular, incidence regions of concussion 

hemorrhage and subcortical hemorrhage were also found grade 0 and II or III are clearly separated by the boundary 

in 10 monkeys, respectively. Brain stem hemorrhage was which is approximate to the hyperbolic curve, without 

observed in 4 monkeys, and subdural hemorrhage was any overlap. The inclination of the boundary" is nearly 

observed in 5 monkeys, out of which I fatal case occurred, approximate to inclination of the brain concussion thresh- 

Moreover injuries were both to the impact side and op- old curve on the frontal impact or occipital, and fur- 

posite side of impact, in combinative or separately. No- thermore, the boundary also constitutes approximately 

cortical contusion was found directly beneath the impact, the center of the incidence region of brain concussion 

The classification of pathological brain injury to such grade I. From the foregoing findings, it may be deduced 

no-skull fracture is as follows, according to the injury that it is necessary to have greater acceleration/duration 

grades shown on Table 1; pathological injury severity than the boundary between concussion grade 0 and II or 

(abbreviated to patho, injury severity) 0:5 monkeys, se- III shown in Figure 9, in the head of a subhuman pn~ate 

verity I: 0, severity II: 7 monkeys and severity III: 6 subject to lateral impact in order to induce significant 

monkeys. Of these monkeys, effective measurement cases brain concussion in them. It may thus be said that the 

of head acceleration were 3, 0, 4 and 6 monkeys, respec- boundary between brain concussion grades 0 and II or 

tively. III is the threshold of brain concussion against lateral 

impact for subhuman primates. 

DISGU$SION 

Since the mechanism of injuries accompanying skull 

fractures differs substantially from that of no-fractural 

cases, the relationship between severity of the no-fractural 

head trauma and the magnitude of impact will be dis- 

cussed in this report. 

Head Acceleration and Brain Concussion 
Assuming that the case of orbital fracture is a no-skull 

fracture, impacts that did not produce skull fracture were 

70 cases, of which 53 cases were effective head acceler 

ation measurements. For the 53 cases, relationship be- 

tween head acceleration/duration and the severity of Figure 9. Correlation between averaged head acceleration- 
brain concussion is shown in Figure 9. duration and grade of concussion in lateral impact. 
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Head Acceleration and Pathological Brain 
Injuries ¯ o ........... , 

The relationship between the head acceleration/dura- 
tion and pathological brain injury was investigated, as- 
suming that organic injuries had occurred in impact in 
which the neurophysiological responses had been the se- ~ 3¯ ° ¯ 
verest in a series of impacts for the same monkey (Fig. 
10). In most cases, the severest damage was observed in -- -~-~o o~o 
the final impact. Cases of no-fractural injuries for which 

~ .... o ~o°O o 
o o 

head acceleration measurements were effective are as fol- " ~ ,’, ~’:, _,’,, ’ ’ 

lows; pathological injury severity 0, 4 monkeys; severity 
I, none (0); severity II, 3 monkeys; and severity III, 6 Figure 11. Threshold of concussion in human extrapolated 
monkeys, totaling 13 monkeys. As the severity of injury from averaged acceleration-duration by dimen- 
declines from severity III to II and 0, the level of head sional analysis in lateral impact of the monkey 

acceleration/duration also tends to drop. At less than 15 head. 

ms of head acceleration’s duration in Figure 10, as well cussion threshold and pathological brain injury threshold. 
as the case of concussion, the pathological injury severity Assuming, therefore, that shapes of subhuman primates 
0 and III incidence distributions are not overlapped, but and human heads were analogous, and further that phys- 
the underpart of pathological injury" severity III incidence ical characteristics of biological tissues of their brains, 
and grade II incidence distributions are overlapped. Ac- skulls, etc. are the same, the head acceleration and du- 
cording to the above, the incidence lower limit of path- ration, which would cause human head injuries equivalent 
ological injury" severity III in Figure 10 which is obtained to those of subhuman primates upon lateral impacts, were 
from these experiment results is the threshold of the sub- extrapolated. Parameters necessary for the dimensional 
dural hemorrhage, the brain stem hemorrhage and the analysis were the following five items: 1) head accelera- 
subependymal hemorrhage, and this threshold is higher tion, a; 2) head acceleration duration, t; 3) impact speed, 
than that of the brain concussion by lateral impact on v; 4) average radius of skull, ~’ and 5) average thickness 
the head as well as the case of frontal and occipital impact, of skull, h. 
However, it is suggested that the threshold of patho. Non-dimensional quantity ¢r is expressed as zr~ = l/h, 
injury" severity II which is the hemorrhage of callosal, zr~ = vt/h and zr3 = a.h/v~. The relationships among 
cortical or subcortical nearly agrees with or is lower than zr~, zr~ and zr3 were determined by using the data (12,13) 
the threshold of brain concussion. Stalnaker et al. obtained from subhuman primates of var- 

ious sizes (sucioroid monkeys, Macaca mulattas, chim- 

Extrapolation to Humans panzees, etc.). The ratio between the average radius and 
average thickness of human heads in expressed at ~’ /h, 

In order to deduce the relationship between the impact and the average weight is assumed to be 1.35 kg. 
and injury’ of human heads from the relationship between Human head acceleration and its duration extrapolated 
the impacts and injuries of subhuman primates stated from 54 cases of effective measurements of conversion 
above, the dimensional analysis method employed by Stal- parameters upon lateral impacts of subhuman primates 
naker et al. was applied to extrapolate human brain con- are listed together with the relationship between brain 

concussion and pathological brain injuries in Figures 11 
and 12. Similar to the case of subhuman primates, regions 

~ . o ,,~ ............ ...... of brain concussions of grades 0 and II or III are also 

~ ~ , separated for humans, and brain concussion threshold 

..::* ~,,~,~,.~o        "’ based on grade II or III is also clearly indicated. This 
brain concussion threshold is represented by the hyper- 

"* bola passing through 400 G -- 2.2 ms and 160 G 10.0 
ms. 

00            00 

-~d- 0 
CO 

0 
o o 

o 
o 

~’ ’          Lateral Impact Tolerance Threshold 

It was believed from clinical experience, etc. that lateral 
Figure 10. Correlation between averaged head acceleration- impact tolerance was lower than the frontal and occipital 

duration and grades of pathologica brain injury in 
lateral; on the patho, brain injury severity O, datas 

impact tolerances. However, a comparison between the 

of all impact other than final impact of same sub- brain concussion threshold of subhuman primates ob- 
ject were contained, tained through this experiment and the results of frontal 
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~ ..... ¯ o ,~ .......... ~,,,,.,~ ...... 
have been necessary to apply more intense impact to 

o , produce skull fracture, subdurat hemorrhage, brain stem 
"o,, ~ ~’ hemorrhage, etc. (patho. injury severity III). However, 

................ ~ \~ ":; ........ ......... the following symptoms were observed upon occurrence 
.......... \ of brain concussion of subhuman primates by lateral head 

impact: 1) subarachnoid hemorrhage (patho. injury se- 
verity I) was found in nearly all cases, 2) cortical hem- 

o° o orrhage, subcortical hemorrhage, etc. (patho. injury 
~’~"~ o 6~ ~oo severity II) were found in more than half the monkeys, 

o 
and 3) even the concurrence of severe injuries such as 

~ ............ subdural hemorrhage, brain stem injury (patho. injury 

Figure 12. Threshold of pathological brain injury in humans severity III) was found in some cases. 

extrapolated from averaged acceleration-dura- On the other hand, it is reported that the lateral bone 
tion by dimensional analysis in lateral impact of fracture load is lower than the frontal bone fracture load 
monkey head. according to the studies on skull fracture by head impact, 

and that lateral bone fracture load is approximately 50 

........ impact or occipital impact experiment previously reported to 80% of the frontal bone fracture load according to a 
by the author et el. reveals that the former has markedly number of experiments. (14,16,17) It is thus deduced, 

higher tolerance than the latter. Gurdjian et al. suggested from those studies and skull fracture threshold on frontal 

the WSTC employing brain concussion as the index to or occipital impact as shown in the appendix, that the 

the human frontal impact safety threshold, while the au- skull fracture threshold of lateral head impact for humans 
......... thor et el. reported the JHTC as the human brain con- is the impact level equivalent to or below those of WSTC 

......... cussion threshold upon frontal or occipital impact, or JHTC; also it is lower than the threshold for brain 
extrapolated from subhuman primates. The comparison concussion on the lateral head impact. 
between the brain concussion threshold upon frontal or From findings mentioned so far, it was deduced that 
occipital impact indicated by the WSTC and the JHTC the thresholds of subdural hemorrhage, brain stem hem- 
and the human brain concussion threshold extrapolated orrhage and subependymal hemorrhage (patho. injury se- 
from the results of this experiment shows a clearly high verity III) were highest, followed by brain concussion 

......... tolerance for lateral impacts. (grade II or III) and cortical hemorrhage and subcortical 
As regards the threshold of pathological brain injuries, hemorrhage, etc. (patho. injury severity II) were next, 

a comparison was also made between the results of frontal while the threshold of subarachnoid hemorrhage and skull 
or occipital impact already reported by the author et el. fracture were the lowest for lateral impact, different from 
and the results of this experiment, which show that the frontal or occipital impact. This deduction agrees with a 
tolerance is higher for the latter as compared with the clinical fact that skull fractures are likely to occur in 
former similar to the case of brain concussion stated many cases by lateral impacts". Furthermore, this is con- 
above. According to the results of this experiment de- sidered to be one of the reasons for the common belief 
scribed so far, the temporal blow has much higher impact that the lateral impact tolerance is lower than the frontal 
tolerance than the frontal and occipital in terms of brain impact tolerance due to the difference in the orders of 
concussion as well as pathological brain injuries, which thresholds of injuries as compared with frontal or occipita! 
agrees with the report published by McElhaney et el., 
(14) which stated that the impact tolerance to lateral 
impacts is much higher than that of occipital, according 500 
to a head impact experiment performed on primates using 
the criterion of "whether after effects would remain or 400 
not" as the indicator. McElhaney et al., however, reported 
at the same time that the frontal impact tolerance was 

300 

higher than the lateral impact tolerance. 
As for indices for frontal or lateral impact tolerance 

2OO 

threshold, brain concussion is often used as the indicator, 
as in the JHTC cases and the WSTC. The reasons are 

100 

that: 1) brain concussion is a transitory and recoverable 
injury, and 2) brain concussion is likely to occur at the 

0 , I I ~ t 

lowest impact level as compared with brain injuries upon 5 ~o ~ zo ~ 

frontal or occipital impact. Impacts in the vicinity of the Time ires) 

JHTC were such that "at most, subarachnoid hemorrhage Figure 13. Human brain concussion threshold curve of let- 
might occur (15) (patho. injury severity I)", and it would eral impact on the head. 
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impact. The hurnan brain concussion threshold curve of 6) Various pathological brain injuries are often involved 
lateral impact on the head extrapolated by the result of at time of occurrence of brain concussion by lateral impact 

this experiment is shown in Figure 13. This is one indi- on the head. Therefore slight skull fracture or subarach- 

cator of judgment on lateral head impact safety. However noid hemorrhage is an adequate indicator of tolerance by 

it was estimated by this experiment that cortical and lateral impact on the head. 
subcortical hemorrhages and callosal hemorrhage were 
often involved at time of the occurrence of brain con- ACKNOWLEDGEMENTS 
cussion by lateral impact on the head. Consequently it is 
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Tolerance of Human Pelvis to Fracture and Proposed Pelvic 
Protection Criterion to be Measured on Side Impact Dummies 

D. CESARI, M. RAMET and R. BOUQUET impactor, horizontally guided in order to hit a human 

O.N.S.E.R. France subject seated on a rigid seat locked with the frame end. 
The mobile part is propelled by rubber extensible 

INTRODUCTION springs and the system is tightened through a small trolley 
guided on the same axis as the impactor and attached to 

The problems of side impact protection have been ex- a steel cable. It is possible to pull on the cable through 

tensively analysed in several countries in the world, a winch and then to move the trolley and the impactor 

To make the evaluation of protection offered by cars back by tightening the rubber extensible springs. A bolt 

against side impact, proposals of side impact tests using located between the trolley and the impactor releases the 

a mobile deformable barrier have been made as well in impactor which is then accelerated by the rubber exten- 

the United States (1) as in Europe (2). sible springs and hits the human subjects. 

The evaluation of car behaviour in side impact would 
be made through the values of injury parameters recorded 

~ 
)@ 

on dummies. These injury parameters would be related ~ 

to injury mechanisms of real side impact accidents. @ 
This paper analyses the results of 60 cadaver tests con- 

ducted to determine the pelvis tolerance and to propose 
a protection criterion of pelvis in side impact. 

~~ 

TEST METHODOLOGY 

All the tests were performed using a device especially ~-- ~: 7: ...................... 

designed to reproduce impacts similar to those observed ;: ;o,~: ..... 

in real accidents. The procedure we used has been de- :~: :x: ....... 
scribed in a previous paper (3) but it is briefly described - 
hereafter. The device is made of a fixed frame and a mobile Figure 1. I mpactor diagram. 
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The irnpactor mass is 17.3 kg and the impacting system An X ray picture is taken after each test to verify 
is the portion of a sphere (r = 600 mm, R = 175 mm). whether it produced a fracture or not. Moreover, an X 
"E~e impact force and impact acceleration are measured ray picture is taken before the tests to verify that there 

on the mobite system through transducers, was no previous fracture or important osseous decalci- 
All the tests were performed with fresh human cadav- fication. 

ers. They were incised along the iliac crest to expose the We decided to perform tests with unbelted subjects, 
internal face of the wing of ilium. Three strain gauges because the analysis of car-to-car collisions shows that 
were applied on this internal face : 2 below the iliac crest the safety belt is generally not solicited in lateral impact, 
and 1 behind the acetabulum. These gauges were plastic at least during the main phase of the impact. 
sheathed, which made their fitting simpler. Sixty impact tests on pelvis were performed for this 

Then, the incision was sutured. A fourth gauge was study, using 22 cadavers. All the tests, excepted five which 
placed on the same side on the upper face of the ilio- were performed with a padded impactor, were conducted 
pubic ramus. Then, the cadaver was dressed up, weighted, using a rigid impactor described previously. Additional 
measured and placed on the seat. The seat was centered static tests have been conducted on five half pelvis in 
on the trochanter major tuberosity, order to determine the force distribution inside the pelvic 

The seat used gave the cadaver a posture identical to bone. Cortical area and inertia momentum of the two 
that of a car driver. The subject was unbelted and without rami have been calculated for the pelvis of 10 cadavers. 
lateral support. 

In order to reach the pelvic fracture at a level as close RESULTS 
as possible to the tolerance, several tests at increasing 

The results of impactor tests reported here are analysed 
impact speed were conducted on the same cadaver. How- 

in different directions: 
ever, we performed only" one impact test on 5 cadavers 
because the fracture happened at this first test. The results --Injuries found by the autopsy, 
of these 5 tests would also allow to verify the influence --Dynamic test results, 
of fbllowing tests on the same cadaver. --Static test results and bone mechanical properties. 

Table 1. 

Test N° AIS Injuries 

A4 3 Fracture of the right ilio + ischio-pubic rami sacro iliac disjunction non complete fracture 
of sacrum 

B3 3 Fracture of the right ischiorpubic ramus 
Fracture of the right femoral neck and collapse of the femoral head 

C4 3 Fracture of the right iliac wing 
Fracture of the right femoral shaft 

D2 3 Fracture of the right ilio and ischio-pubic rami, fracture of the right femoral neck, sacro 
iliac disjunction 

E2 3 Fracture of ilio and ischio-pubic rami 
Sacro iliac joint disjunction 

H4 2 Right femoral shaft fracture 

!5 2 Fracture of the right iliac wing 

J3 3 Fracture of the right ilio and ischio-pubic rami. Pubic symphisis disjunction 

M3 2 Fracture of the right iliac wing 

N7 3 Fracture of the right iliac wing. Fracture of the right ilio and ischio-pubic rami. Right sacro 
iliac disjunction 

06 3 Fracture of the right ilio and ischio-pubic rami and right sacro iliac disjunction 

R5 2 Fracture of the sacrum 

$4 3 Collapse of the head of the right femur through the acetabulum. Fracture of the dght and 
left ilio and ischio-pubic rami 

T2 3 Fracture of the right acetabulum. Fracture of the right ilio and ischio-pubic rami 

V2 3 Multiple fracture of the right i~io and ischio-pubic rami. Fracture of the right femoral neck 

W2 2 Fracture of the right femoral shaft 

X2 3 Fracture of the right and left ilio and ischio-pubic rami. 
Bilateral sacro iliac disjunction 

Y2 2 Fracture of right ilio and ischio-pubic rami 

Z2 3 Fracture of the right ilio and ischio-pubic rami. Ri~lht sacro iliac disjunction 
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RESULTS CONCERNING THE INJURIES have found more in tests than in accidents. The femoral 
neck mechanical resistance decreases with age (the spon- 

The injuries sustained by the cadavers during the im- taneous femoral fracture of elderly is well known) and 

pactor tests were carefully recorded by an autopsy made the cadavers used in these tests were older than the victims 

after the tests. During this autopsy the pelvis was removed of car accidents. 

and the pelvic fractures carefully analysed. This procedure The sacroiliac disjunctions seem also more frequent in 

allows us to set up a complete list of pelvic injuries sus- tests than in real accidents. These injuries have never been 

tained by the cadavers during the tests. The injuries re- found isolated, but always associated with pubic rami 

corded during autopsies are listed on Table 1. fractures. 

Pelvic injuries sustained in side impact real accidents In two tests these disjunctions were very minor and 

are not generally described in details; however, an in- were not found by X ray pictures analysis but only at the 

depth study of pelvic fractures in side impact accidents autopsy; such injuries could be forgotten on human living. 

gives a description of injuries sustained by impacted side In a general way cadavers sustained on an average, less 

accident victims (4). The distribution of these injuries and pelvic injuries than human people involved in side acci- 

those recorded on cadavers are listed in Table 2. dents (51 pelvic injuries for 19 cadavers against 47 injuries 

Comparison of accident and test injuries shows a good for 14 accident victims). This increasing of the number 

correlation with nevertheless some minor differences. In of injuries can be associated with the higher severity of 

both samples the fracture of pelvic rami is the most fre- impacts in accidents compared to the tests. 

quent injury (13 among 19 in tests and 12 among 14 in 
accidents). However the pelvic rami fractures are mainly DYNAMIC TEST RESULTS 
on one side in tests whereas they involve both sides in 

......... accidents: these differences seem to depend from the se- .............. For the purpose of this study 60 tests have been con- 
verity of impact; the tests were made at increasing speed ducted: 55 of them were performed with a rigid impactor 
until a pelvic injury was found, which limits the extension and 5 with a padded impactor. For all the tests the im, 
of injuries, whereas in accidents the energy dissipated by pactor was centered on the right great trochanter. They 
the impact between the occupant and the side parcel can are analysed separately in this paper. 
be higher than the energy necessary to produce injuries, 
and then this impact can make extensive fractures. 

The pubic rami fractures seem to be a typical injury RIGID IMPACTOR TESTS 
of direct lateral impact in the sitting position (which 
corresponds to the position of car occupants). In tests The results of the 55 tests performed with a rigid 
conducted in similar conditions, but with cadavers having pactor are listed in Table 3. These tests were made with 
legs in line with the torso, i.e., like in standing posture, 19 cadavers. Six of them are female cadavers whose age 
(5) the injuries found were completely different: they were varies from 59 years old to 84 years old with an average 
mainly acetabulum (hip) fractures: but the energy to pro- value of 71 years old. The age of the 13 male cadavers 
duce these injuries was in the same order of magnitude varies from 54 years old to 85 years old with an average 
as the energy amount necessary to produce side impact value of 72 years old. 
pelvic injuries. The cadavers used in this study were carefully selected 

The other differences concern mainly the number of according to their antecedents and the medical treatment 
femoral neck fractures and of sacroiliac disjunctions, that they followed; however, one cadaver (M) had very 

The femoral neck fractures are very rare even if we poor bone conditions, and the results of this cadaver 
should be cancelled. 

Table 2. Analysis of results shows that there is a large scatter 
of the results. The 3 ms impact force corresponding to 

Number of fractures pelvic fracture varies from 4880 N to 12920 N for male 
Location Tests (19) Accidents (14) 

cadavers and from 4440 N to 8200 N for t~mate cadavers. 
Femoral shaft 3 4 If we consider the tests in which injuries occurred, i.e., 
Femoral neck 3 1 
Acetabulum 2 1 tests with an AIS 2 and AIS 3, the average value of the 

Iliac wing 5 3 3 ms impact force is 5600 N for female cadavers and 
Pubic symphisis 1 1 8600 N for male cadavers. This value of 8.6 KN is higher 
Sacro-iliac symph. 6 3 than the acceptable limit proposed by TRRL to be meas- 
Sacrum 1 1 ured on a side impact dummy (the proposal was 6 KN) 
One ramus 1 1 
Two rami 10 5 (6). The tentatives to correlate the impact force with other 

Three rami 0 3 parameters did not give interesting results except the cor- 

Four rami 2 3 relation between the impact force and anthropometric 
Pelvic crush 1 1 parameters such as cadaver height or weight. The an- 
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Table 3. 

Test       Speed            Force Peak/3MS          Accel. 3MS       Impulse 
N°        KM/H                  N                    g             N.s         AIS 

A1          21                   4170/3355                  --               63            0 
A2          25.3                   5800/4355                   --               122            0 
A3          30.0                   6960/5220                   --               163            0 
A4          41.0                  11140/8200                   ~               209            3 

B1          21.0                   5100/3240                   --                71             0 
B2          30.0                   6260/5575                    --               131             2 
B3          34.9                   8120/6200                    ~               161             3 

C1          25.6                   5620/5375                    --               113            0 
C2          32.0                  10120/8070                   ~               136            0 
C3          39.4                  10140/8080                   ~               162            2 
C4          47.5                  13780/12920                  --               232            3 

D1          25.0                   4410/3330                   34                88            0 
D2          30.8                   5240/4720                   45               115            3 

E1          25.2                   5520/4330                   45                88            0 
E2          31.1                   5520/4440                   34               112            3 

F1          28.3                   5610/4430                   33                89            0 
F2          31.1                   3890/3330                   24                90            0 
F3          35.0                   5610/4430                   24               110            0 

H1          25.5                   6620/6390                   27                82            0 
H2          30.2                  10760/10000                  42                99            0 
H3          34.6                  11110/10440                  40               128            0 
H4          38.2                  12690/10555                                    140            2 

I1           25.5                  10210/7330                   39                77            0 
12           30.2                  11040/7890                   49                97            0 
13           35.5                  11590/8440                   49               115            0 
!4           39.8                  12690/8780                   35               139            0 
15          40.1                  13240/8935                   80               157            2 

J1           25.5                   7730/6835                   34                79            0 
J2          30.6                   6440/6110                   30               124            0 
J3          35.5                   8270/6945                   62               131             3 

K1          25.0                   5520/4665                   34                73             0 
K2          30.8                   7170/4720                   35                85             0 
K3          35.0                   8280/6720                   40               102            0 

L1           29.7                   8330/8220                    60               118            0 
L2          35.0                  11660/10275                  60               130            0 
L3          39.6                  13330/11330                  80               142            0 
L4          44.6                  !5550/12770                 120               174            0 

M3          22.1                   4330/3780                   32                79            2 

N5          33.0                   8610/8390                   59               110            0 
N6          37.7                  10000/9500                   62               148            0 
N7          41.1                  10278/9580                   72               163            3 

04          32.9                   5695/5580                   48               126            0 
05          37.8                   6140/5890                   51               142            0 
06          42.2                   6830/6670                   53               151             3 

R1          36.5                   9440/9280                   68               163            0 
R2         39.6                 10694/10440                 74              166            0 
R3          43.4                  10972/10750                  81               168            0 
R4          47.1                  11806/11580                  90               173            0 
R5          50.6                  12306/12080                  95               177            2 

$2          36.1                   7083/6640                   54               126            0 
$3          40.7                   6670/6500                   60               137            0 
$4          44.4                   7140/6890                   65               143            3 

T2          34.6                   4611/4445                   33               107            3 

V2          27.7                   5740/4880                   40                75             3 

W2          30.0                   7490/7165                   56                98             2 

X1         45.7 
X2         53.2                 7620/7220                 52             172           3 
Y2         53.9                11130/10750                65             225           2 

Z1         45.5                 7360/7150                  25             158           0 
Z2          52.0                   9120/8760                    79               180            3 
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Based on statistical data the corpulence is defined as 
follows: 

Li < 22 : the subject is very thin, 
22 < Li < 23 : the subject is thin 
23 < Li < 24 : the subject is normal 
24 < Li < 25 : the subject is stout 
Li > 25 : the subject is obese. 

1 . ¯ ................ I The values of Li are listed in Table 4. 
’= r [ These values can be used to correct the values of weight 

of cadavers. The proposed correction is: 

,~0 ~ 23.5 
~./ . ¯ ........ Wc = W~-- 

Figure 2. Cadaver weight versus 3 ms injury producing im- 
in which Wc is the corrected weight, W~ is the actual 

........ pact force, 
weight, Li is the actual value of the Livi index. The 

......... coefficient 23.5 is the value of Livi index for a normal 
person. 

The values of weight corrected according to Livi index 
thropometric parameters are correlated with bone sizes: values are also listed in Table 4. 
taller and stronger persons have bigger bones, and the If we draw the relationship between the 3 ms impact 
correlation found between impact force and height and force of fracture producing tests, and the corrected weight 
weight seems to indicate a possible correlation between we find a better linear correlation than with actual weight 
impact force and pelvic bone dimensions, values, as indicated on Figure 4. 

Figure 2 gives the value of 3 ms fracture producing The correlation coefficient is .89 instead of .75 on Fig- 
impact force, ure 3. 

The corpulence of the subjects can be evaluated by the This better correlation confirms that the pelvic toler- 
.......... use of the Livi index which is defined by: ance depends on the bone geometry which is linked to 

....... ~ht 
the anthropometry. 

Li = 10 The value of impact force as a function of weight is 
Height 

given by the formula: impact force = 193.85 weight - 

with weight in kg and height in m. 4710.6. 

Table 4. 

Corrected 
Height Weight Livi Weight 

Cadaver Sex Age cm kg Index kg 

A F 70 167 58 22.9 59.5 
B F 84 154 70 26.4 62.3 
C M 69 173 78 24.3 75.4 
D F 63 160 52 23.0 53.0 
F F 59 152 55 24.7 52.3 
H M 69 175 86 24.9 81 ~0 
I M 65 181 63 21.7 68.2 
J M 75 177 63 22.2 66.7 
K M 75 171 55 21.9 59.0 
L M 71 175 85 25.1 79.6 
M M 68 165 62 24.0 60.7 
N M 54 184 86 24.0 84.2 
O M 70 160 79 26.8 69.5 
R M 80 180 82 25.1 86.1 
S M 79 164 64 24.4 61.6 
T F 79 144 44 23.7 43.6 
V M 61 162 50 22.7 51.8 
W M 85 170 68 24,0 66.6 
X F 54 162 56 23.6 55.8 
Y M 74 175 100 26.5 88.6 
Z M 67 167 58 23.2 58.8 
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Table 5. 

Average impact 37.1 52.6 40% 
" speed (km/h) 

~ 

’ -~’ " :     ". 

/ [~ :: "~"::":::’ 
whereas the third one sustained only one test which pro- 

duces an AIS 2 injury. The impact force values recorded 
on the impactor were in the same order of magnitude as 
those recorded during rigid impactor test. But the im- 
pactor speed necessary to produce pelvic fracture is un- 
doubtedly increased by the padding; all the cadavers in 

’~ ~ //~" ~ ~0 ~0 ~° ~ .... padding tests sustained more than 52 km/h whereas the 

Figure 3. Corrected cadaver weight versus 3 ms injury pro- 
average value of impact speed in rigid impactor tests in 

ducing impact force, which the injuries occurred in 37.1 km/h. These results 
are summarized in Table 5. 

The value of impact force calculated for a weight of 
75 kg, which is the weight of the 50th percentile male, PELVIC BONE CHARACTERISTICS 
is 9830 N, which is higher than the mean value for the 
cadavers used in this study. For 10 of the 22 cadavers used in impactor tests, we 

During the test we recorded also pelvic acceleration; have determined the value of parameters related to the 

the values of 3 ms pelvic acceleration are listed in Table bone structure. For this we have cut a slice of the 2 rami 

2. All the values recorded are low and much under the of half a pelvis. We took macro pictures of these bone 

proposed tolerance of 100 g’s (7). This is probably due slices and from the scaled pictures we determined the 

to the test methodology: in the impactor test only the total and cortical bone sections and the inertia momentum 

pelvis is impacted and no other part of the body is re- of these sections. 
strained, whereas in drop tests and in sled or car tests, This was made with a computer which was used to 

several areas of the body are involved by the impact, digitize the outlines of the section and to make the cal- 

The value of impact speed necessary to produce frac- culations. The results of these parameters are included in 

tures is in the same order of magnitude as the door ve- Table 6. 

locity change in car-to-car tests in which pelvic fractures The pubic rami are mainly involved in a bending proc- 

occur (8). In these tests, the impact speed producing pelvic ess during a lateral impact; the stress at the fracture is 

injuries varies from 22 km,Oa to 50 km/h. defined by: 

Nineteen cadavers sustained following impacts at in- 
P.L.Y 

creasing speed, until five of them got a pelvic fracture at cr -- 

the first impact. Comparison of results shows that several 
Ix 

following tests at increasing speed do not change the in which P is the force applied to the ramus, L the length 
capability of the cadaver to sustain impacts: the traces of of the ramus, Y the distance between the center of mass 
recorded parameters are not changed after the first ira- and the external surface of the ramus, and Ix the inertia 
pact. The value of impact force always increases until the momentum of the cortical area. As P is proportional to 
fracture occurs, and, in fact, the value of fracture impact the impactor force and the variation of L is small the 
force was lower for cadavers which sustained only one stress and the fracture could be written: 
impact than t’or cadavers which got a pelvic fracture after 

Y 
several tests, o" = KF- 

Ix 

PADDED IMPACTOR TESTS and then it would exist a linear relationship between F 

and Y Five tests with a padded impactor were performed on ~x" This relationship is drawn on Figure 4 which 

three cadavers. For these tests the impactor extremity shows a good correlation. 

was covered by a polyurethane foam parallelepipedic However the values of geometrical parameters of the 

block (14.5 cm thick, 24.7 cm long, 14.5 cm wide, density iliopubic ramus of the 50th percentile male have to be 
130 kg~/m3). These blocks were developed by APR as known to determine the human tolerance of this percen- 

paddings for side impact protection. Two of them sus- tile. The geometry of human pelvis have been measured 

tained an AIS 3 pelvic fracture after the second test, recently (9). The specific points for which coordinates 
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Table 6. 

Ix 
S, So Ix ly Ymini Ymini 

....... TBF Ramus mm2 mm2 mm4 mm4 mm rnm3 

ilio 311.5 98.6 3349.8 4946.7 8.41 398 
C ischio 281 85.3 1417.6 7175.7 5.64 251 

ilio 250.2 86 2145.4 3193.3 7.32 293 
H ischio 136.4 47.6 417.7 1713.4 4.30 87 

ilio 217.5 66.7 1306.7 3048.9 5.65 231 
K ischio 160.1 42.6 359.8 2615.5 3.58 100 

ilio 256.5 96.7 2286.2 4496.2 7.82 292 
N ischio 202.4 65.2 564.8 1170.6 5.59 101 

ilio 159.3 53.3 1199.8 1530.4 6.32 190 
O ischio 112.3 32.4 248.2 1013.3 3.44 72 

ilio 265.8 66 1748.2 3505.4 8.32 210 
S ischio 165.6 43.3 687.5 1466.03 5.66 121 

............. ilio 139.9 45.5 672.1 1105.3 5.91 115 
T ischio 100.2 32.7 193.2 1093.4 3.20 60 

ilio 178.4 61.7 1166.9 1722.3 5.91 204 
X ischio 148.7 43.4 381.8 1856.7 3.32 115 

ilio 248.4 94.5 2450.4 4284.8 7.93 309 
Y ischio 137.1 49.7 600 1288° 1 5.66 106 

............ ilio 225.9 67.3 1790.5 3006.1 6.86 261 
Z ischio 167.3 44.9 761.6 2382.3 4.82 159 

were measured were on the exterior surface and thus it possible to simplify the force measurement device, and to 

is not possible to determine the inertia momentum of the use only one force transducer located in the anterior part 

ramus section but by comparing the external dimensions, of the pelvis. 

the inertia momentum of the iliopubic ramus cross section 

can be evaluated. The found value is Ix = 2300 mm4 and 

the distance between the center of mass and the external 

surface y = 7,8 mm, for the 50th percentile. The cor- CONCLUSIONS 
responding value of Ix/y would be 295 mm3, which cor- 

responds to approximately 10 kN for the 3 ms impact Analysis of these test results allows to conclude as 

force, follows: 

--impactor tests reproduced realistic pelvic ir~juries at 

realistic impact speed 
PROPOSED PROTECTION CRITERION --these injuries are mainly impacted side ischio and 

ilio-pubic rami fractures 

On the basis of the test results described behind the uthe impact force seems more correlated to injury than 

tolerance for a cadaver weighing 75 kg would be about other parameters 

10 KN 3 ms impact force. This value would be the base --the value of the tolerable impact force varies greatly 

for a protection criterion applied to a 50th percentile with anthropometry 

dummy. The use of such a protection criterion implies --there is a correlation between the geometry of the 

that the side impact dummies are able to be fitted with ischio pubic ramus cross section and the tolerable 

a pelvic lateral force transducer. At the present time only impact force 
one side impact dummy type, manufactured by the --the use of a padding can protect efficiently by in- 

MIRA, is fitted with pelvic force transducers, creasing the acceptable impact speed. A gain of 40% 

This pelvis is equipped with 3 force transducers needing has been found 

5 measurement channels and the use of this dummy in --the value of the tolerance is close to 10 KN of 3 ms 

several test environments (car-to-car tests, sled tests, im- impact force for the 50th percentile male subjects 
pactor tests)have shown the feasibility of the measure- wa protection criterion for pelvis based on the 10 KN 

ment of pelvic lateral force in side impact; but as most tolerance could be used on a dummy fitted with a 

of the injuries are located on the pubic rami it seems pelvic lateral force transducer. 
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Figure 4. Injury producing impact force versus Ix/y of the ilio-pubic ramus. 
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angular velocities of 32 rad/s. However, Ommaya claims water and closed in a careful way so as to avoid having 
that angular acceleration greater than 1,800 rad/s2 and air bubbles trapped under the lid. 

change in angular velocity above 60--70 rad/s will result The rotor used in these experiments consisted of a 

in cerebral concussion and Lrwenhielm suggests tolerance circular wooden table fixed to a hub and brake drum 
............. levels of 4,500 rad/s2 and 50-70 rad/s for bridging vein taken from the front wheel of a motor car. The brake 

rupture. Hypotheses put forth to explain the mechanical drum was connected to an electric motor by a belt and 

reactions of various parts of the brain have been examined the brake could be actuated by a pneumatic cylinder. 
in physical and mathematical models, but so far authen- Accelerometers were fitted under the wooden table and 
ticated explanations to the mechanisms of injury have via a slip-ring device and cables connected to amplifiers, 

been offered for just a few, albeit common, injury types, the signals were recorded on tape. The vessel could be 
The mechanisms of concussion has, for example, not been rotated at a pre-chosen velocity and stopped by applying 

possible to explain, probably due to the fact that the the brake. The deceleration pulse used was a ramp func- 

geometry in the vicinity of the brain stem is particularly tion which from the peak rapidly dropped to zero. The 

complex. It is a specific purpose of this paper to shed film from a high-speed camera operating at 500 f/s and 

some light on the motion of the central parts of the brain placed vertically above the center of the vessel was ana- 

under rotational acceleration, lyzed with respect to the tangential displacement of the 

A thorough understanding of brain injury can of course targets relative to the surrounding vessel. The set-up is 
not be obtained without studies on the cellular level. Only shown in Figure 1. 

by piecing together information from different kinds of In a previous study by Ljung (7) mathematical models 

research will it be possible to gain an insight into the were developed for a Kelvin-Voigt viscoelastic material 

relations between outer load, inner mechanical events and contained in cylindrical and spherical rigid shells sub- 

cellular damage, jected to sudden rotational motion. The two material 
parameters of a Kelvin-Voigt material are in such cases 
shear modulus and kinematic viscosity. In order to de- 

ASSESSMENT OF MATERIAL PROPERTIES termine those parameters for brain tissue, experiments 
were performed using brain matter from human cadavers. 

To enable studies of the influence of anatomical struc- The temporal lobe was inserted in a cylinder which was 

tures during linear and angular motions it appeared ad- then subjected to an angular acceleration of a magnitude 

vantageous to have a model material which was which ascertained that the experiment was realistically 

transparent and in which the material properties could simulating an injurious situation. The two material pa- 

easily be changed within certain limits. After a series of rameters of the mathematical model were then chosen so 

tests it was found that a silicone gel (Dow Coming die- as to minimize the model and experiment displacement 

lectric gel Q3 6527) best fitted the requirements. The gel response differences in a least squares sense. 

is produced by mixing two components and cures in about In the present investigation the above procedure has 

24 hours at room temperature. By varying the proportions been repeated in the opposite direction. Given the material 

of the two components the material properties change ’ properties of brain matter (as expressed by shear modulus 

within certain limits. 
A series of cylindrical vessels with tight fitting lids were 

made of acrylic plastic in such a way that they could 
easily be fastened on a rotor. The radius of the vesse!, 95 
millimetres, was chosen to be not too far from that of 
the skull in different planes. The height of the vessel was 
80 or 120 millimetres~ 

For the assessment of the material properties the two 
components of the gel were mixed and poured into the 
vessel to cure at room temperature. A few hours before 
the curing was completed photographic targets--consist- 
ing of confetti-like pieces of black paper--were carefully 
placed in a straight line on the surface of the gel. When 
cured, the gel sticks to the sides and the bottom of the 
vessel. The distance from the surface to the bottom--90 
millimetres--was chosen big enough to ensure that the 
influence from the bottom on the displacement of the 
targets under angular acceleration of the vessel was neg- Figure 1. The cylindrical vessel containing silicone gel and 
ligible. In order to prevent the gel from getting in contact water fitted on the rotor for the assessment of the 
with the lid during rotation the vessel was filled up with material properties of the gel. 
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7. Joint biomechanical research project KOB. Unfall-und anism in side impact. 22nd Stapp Car Crash conf. Oct. 
Sicherheitsforschung Strassenverkehr. N° 34, BAST 24-26, 1978, 429--448. 

1982. 9. Reynolds, H. M., Snow, C. C., Young, J. W. Spatial 
8. Cesari, D., Ramet, M., Herry-Martin, D. Injury mech- Geometry of the Human Pelvis, Unpublished. 

Intracranial Deformation Patterns Due to Impulsive Loading--- 
A Model Study 

B. ALDMAN to produce brain injury before extensive injury to the neck 

C. LJUNG occurs. At direct impact to the head the brain tissue is 

L. THORNGREN obviously sustaining a multitude of mechanical excitation 

Department of Traffic Safety, Chalmers including local compression of brain matter due to the 
deformation of the skull bone at the impact site, pressure 

University’ of Technology, Gt~teborg, waves travelling through the brain and deformations of 
Swedish National Institute for Testing, the brain inertially produced through the acceleration of 
Bor&s, Sweden the head. It is still a topic of considerable bewilderment 

how brain injury, reversible or irreversible, is produced. 

ABSTRACT 
It is indeed probable that all the above mentioned mech- 
anisms do participate in injury production, and in order 

Presently used head injury criteria have lately been to provide a better knowledge of means to prevent injury, 

questioned for several reasons, and there is much evidence 
methods to determine the relative importance of different 

to show that a deeper understanding of the injury-pro- 
mechanisms are of interest. The present study on a phys- 

ducing mechanisms is needed. It is discussed what kinds 
ical model of the skull-brain system is meant to provide 

of research are needed, and a specific model study is 
a better qualitative understanding of deformation pattern 
development in the brain. It is intended to make pro- 

described. The model is intended to provide a better un- 
gressively more refined models of the skull-brain system, 

derstanding of the skull-brain system when subjected to 
but so far attention has been focussed on how rotational different kinds of trauma, thus facilitating the planning 
accelerations to the head develop strains within the brain 

of research specifically aimed at producing better toler- 
ance criteria, 

matter. It has an advantage over mathematical models of 
the brain in that fairy complex geometries and materials 

A series of progressively more refined models of the 
skull-brain system has been used to qualitatively study 

can be studied, whereas the main disadvantage is the 
limited number of observables in each experiment. Like 

the effect of different head impact directions and loca- 
in other fields of complex dynamic systems it would seem 

tions. The model can be subjected to sudden linear 
feasible to combine experimental and mathematical mo- 

and/or angular accelerations. Localized trauma to the 
head res-tdting in local compression of the brain can be 

delling in the future. 

simulated by means of sudden injections of fluid. Ob- 
servables are normally internal relative displacements. 

ROTATIONAL CEREBRAL INJURIES 
High speed cinematography is used to capture the motion 
of markers at different depths in the transparent model. 

As mentioned earlier it was decided to restrict attention 
So far only two-dimensional studies have been performed 

to pure rotational motion to begin with. The ability of 
but based on results from earlier two- or three-dimen- 
sional mathematical models the validity of results can be 

rotational head accelerations to produce brain injury has 

judged, 
been demonstrated clinically by the nature of post mortem 
findings by, among others, Lindenberg and Freytag (1), 
Unterharnscheidt and Higgins (2), and ¥oigt et al., (3). 
It has also been demonstrated experimentally by, e.g., 
Ommaya et al. (4), Ommaya and Hirsch (5), L6wenhielm 

Over the years a great number of investigations in the (6), Ljung (7), and Ono et al. (8). The experimental work 
field of brain injury research have demonstrated the im. suggests that angular accelerations can produce cerebral ......... 
portance of sudden motions of the head. These c~uld be concussion and brain injuries if the angular velocity ..... 
caused by either direct impact to the head or by forces change exceeds a certain value. In human volunteer tests 
transmitted to the head through the neck region, but it performed by Ewing et al. (9)no obvious damage occurred 
is widely agreed that the latter situation is hardly likely at angular accelerations up to 1,700 rad/s2 resulting in 
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and kinematic viscosity), the correctly mixed silicone gel in the substance itself at approximately the same distance 
is sought by comparison of experiment and model dis- from both horizontal surfaces. They were placed in a 
placement responses. An example of the kind of responses pattern which was thought to give the best information 
obtained is shown in Figure 2, where the deformation about the deformation of the simulated brain substance 
pattern of the gel is reproduced from the high-speed films, in each test. 

It is true that in this way care is only taken to ensure For practical purposes it seemed better to decelerate 
that material properties of brain matter and silicone gel the model from a preset angular velocity by actuating the 
match in problems of rotational symmetry where shear brake rather than to accelerate it to the desired velocity. 
modulus and kinematic viscosity suffice in describing the The rotation about the centre of the cylindrical vessel in 
material. It is, however, maintained that the comparison these tests would roughly represent rotation about the 
of material properties made will give a reasonable result centre of gravity of the head in the projections chosen. 
for the present study. The material properties of the brain Two different velocities were chosen for these experi- 
under rotational motion have been studied previously by ments: 30 rad/s and 60 rad/s. Two pressure levels, 3 and 
Schuck and Advani (I0) and at West Virginia University 5 bar, in the pneumatic cylinder resulted in approximately 
(11), and in the latter report is also suggested possible the following peak values of deceleration at 30 tad/s: 
substitute materials for experimental use. The determi- 1,500 rad/s2 and 2,600 rad/s2 and at 60 tad/s: 2,200 
nation of material properties were, however, made under rad/s~ and 4,7130 rad/s~. These values were used through- 
sinusoidal excitation, a fact which casts doubts on the out these tests since they range from well below and up 
applicability of the data to transient problems. One has to what has been suggested as injury producing levels. 
to bear in mind that if a simple material model is em- In a previous investigation of oblique impacts of a 
ployed, its field of application does not extend far away dummy head wearing different types of approved crash 
from the circumstances under which it was established, helmets by Aldman et al. (12) peak angular accelerations 

ranging from 4,500 to 14,500 rad/sz and peak angular 

PROCEDURE velocities from 20 to 55 rad/s were recorded during the 
impact sequence in drop tests. The vertical velocity com- 
ponent in these tests was 5.18 m/s (drop height 1.37 m), The deformation of the gel at angular deceleration was 
the horizontal velocity component 8.33 m/s (30 kin/h) 

studied by recording the displacement of strategically ar- 
ranged photographic targets by high-speed cinematog- and the helmeted dummy head impacted different types 

raphy. The targets were not placed on top of the gel but of simulated road surfaces. In these tests the peak linear 
accelerations ranged from 90 to 135 g’s and peak angular 
and linear accelerations occurred simultaneously. 

_...-- ~. It would seem therefore that the angular accelerations 
used in these experiments are not unrealistically high but 

.------- 
could occur in many accident situations. 

\ 
/                            \ 

/                           \ 

//                        \\        THE EVOLUTION OF THE MODEL 
/                 \ 

It was decided early in the planning of these experi- 
ments that one essential feature of the series should be a 
step-wise refinement of the model, such that it would 
always be possible to distinguish the contribution of the 
latest model change. For the same reason it is then of 
interest to briefly relate the history of the model. 

A cylindrical vessel like the one used for the assessment 
of material properties was divided in two halves by rigidly 
fitting a plate of acrylic plastic across the center. Each 
half cylinder would then roughly resemble a lateral pro- 

\ / jection of a middle portion of the skull where the fiat 

\\\ // plate represented a straight approximation of the skull 

~’~ ~ base and the tentorium. The resulting pattern of defor- 
-"-- mation is shown in Figure 3. The displacement now takes 

Figure 2. The initially straight line across the cylindrical place round a new centre situated approximately half way 

model is deformed in several stages as a result between the cylinder wall and the newly inserted plane 
of the sudden rotation of the cylinder in the di- wall. The extent to which the gel is sheared can be judged 
rection of the arrow, from the local slope of the lines as compared to their 
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inner bag a transparent tentorium and parts of the falx 

----- ~ cerebri were welded in position. It was then filled with 
"- ......... -"-’- silicone gel which was left to cure when photographic 

targets had been placed in the cerebellar as well as in the 

cerebral parts. These were in both of these structures 

placed in a middle plane which means at two different 

levels. The spaces between the rigid mould and the vinyl 

bags were then filled with water, air bubbles removed and 

the acrylic lid fitted on top of the cylindrical vessel. 

In this horizontal projection of the brain deformation 

of the model brain material occurred in a similar pattern 

(cf. Figure 5) at both levels. Thus, large displacements of 

the targets were seen in the forward half and the rearmost 
Figure 3. Resulting deformation pattern after insertion of a part of the mould, while little or no displacement was 

plane wall roughly simulating the skull base and recorded in the brain stem area. It should be pointed out, 
the tentorium, however, that the simulated parts of the falx in this ex- 

periment were not fixed to the mould at their upper ends 

original position. ~he shear deformation is obviously most but could move a little with the vinyl bag containing the 

pronounced along the symmetry line of the half cylinder, gel. 

In one of the two half cylinders a shorter plate was With the exception of the last simulation of deforma- 

fitted to the concave wall at approximately right angles tions occurring in a horizontal plane, all studies per- 

to the longer plate. This new plate was intended as a formed have been two-dimensional in the following sense. 

simulation of the falx cerebri in a frontal projection of Motion is studied in one plane only and the distance of 

the skull. The two quadrants joined in their central parts this plane to the bottom and lid of the container was big 

could then approximately represent cross sections of the enough to make sure that they did not disturb the pattern. 

two cerebral hemispheres and the mid brain. The resulting 

pattern of deformation is shown in Figure 4. This time 

motion occurs round two distinct centres, and the motion 

will be directed in opposite directions each side of the 

sagitta! plane. Obviously then, local strains could become 

very high in this region, but the number of markers is 

not big enough to get a detailed picture. 

It would also be of interest to simulate displacements 

in the brain matter in a horizontal plane (x-y). In order 

to do so a rigid plastic mould and three soft and trans- 

parent vinyl bags were made to fit the base of the skull. 

The rigid mould was secured inside a cylindrial acrylic 

vessel by means of a rigid polyurethane foam. The three 

soft vinyl bags were placed inside the rigid mould. In the 

- Figure 5. Deformation pattern in a horizontal projection of 
Figure 4. Deformation pattern in a model roughly simulating the head. The back of the head is pointing down- 

a frontal section through the skull. The projection wards in the figure which means that the foramen 
at right angles to the cylindrical wall represents magnum is situated very close to the apparent 

the fatx. centre of deformation at this level. 
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Mathematical simulations of this problem have been per- 
formed previously by Ljung (9). The next section deals 
with a more refined, but similarly two-dimensional model 
of a lateral projection of the brain. 

REFINED LATERAL VIEW MODEL 

In this step a more elaborate system of plates was fitted _~’-~_ ,~i~.~ ): 

in a cylindrical vessel in order to simulate a mid-sagittal 
section including brain, brain stem, cerebellum and upper 
spinal cord. The skull base and the tentorium are still 
represented by an approximately straight plane but with 
an opening simulating the tentorial opening. The geom- 
etry of the model can be seen in Figure 6 which also 
shows the resulting deformation pattern in one of the last 
experiments. Earlier experiments have been presented in 
greater detail by Aldman et al. (13) and will be only 
briefly mentioned here. 

A comparison has been made between the deformation 
patterns if the gel sticks to the side walls of the container 

............ or if the outer surface of the gel can move freely relative Figure 6. Pattern of deformation in a lateral view model 
........... incorporating simulated ventricles. The dotted 

to the wall. In the human skull the brain is anchored shape represents the ventricles at maximum de- 
more firmly to the dura with age, a fact also reflected in formation~ 
the kind of injury produced (Voigt et al. (3)). The only 
significant change in pattern between the two experiments 
was, however, that the direction of rotation of the gel the overall deformations, as measured by the markers, is 

........... below the tentorium was reversed. This is probably a not very much changed in relation to the earlier experi- 

result of little consequence, since the deformations are ments, there may still be significant local changes in the 

quite small in this region anyway. The overall pattern of shear strains. 

deformation is otherwise the same although it seems as 
if the more relaxed conditions in the latter case permit 
larger displacements to occur. Throughout the series of CONCLUDING REMARKS 
experiments with this model high values of shear can be 

.... detected in the vicinity of the tentorial opening. There is not any dramatic change in the defolmation 

In the last experiments the gel was again allowed to pattern present in the series of experiments with the lateral 

stick to the walls and an attempt was made to simulate view model. This gives rise to several conclusions re- 

the influence of the ventricles, since it was anticipated garding future research. 

that the reduced shear stiffness of the ventricular fluid First of all, the overall pattern of deformation is quite 

could permit greater deformations to develop especially well described by the model at its present stage of de- 

in the vicinity of the tentorial opening. For this purpose velopment. This means that it might be feasible to try to 

a pocket in the gel, approximately 10 mm high, 40 mm formulate mathematical models for small parts of the 

long and 40 mm deep, was filled with liquid paraffin. The brain, where the overall behaviour of the m~del coincides 

pocket was terminated above and below with a gel layer with the results found here. 

so that the paraffin was completely enclosed in gel. Thus, Secondly, the methods for analysis have to be refined 

no substantial volume changes were to be expected. The for future experimental work with this model. Markers 

deformations in the model were recorded in a plane sit- must be placed in such a way as to permit a direct eval- 

uated approximately at the middle of the pocket, far uation in terms of local shear strain for example. Once 

enough from its ends to ensure that the idea of looking this is achieved further studies in the influence of material 

at a two-dimensional problem was not disturbed, inhomogeneities can be made, e.g., studies using simulated 

In reality the geometry of the ventricles is very com- brain matter of different stiffness at different sites. It 

plicated and far from two-dimensional, but it is still be- would also be interesting to see the effect of allowing 

lieved that the essence of the ventricles is maintained in some motion of the upper spinal cord in the direction of 

this ernde model. The resulting deformation pattern is the spine. 

shown in Figure 6. It is interesting to note the change of A more rugged aluminium model is being constructed 

shape in the fluid,filled pocket. This means that although presently. This model has the same principal features as 
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the lateral view model and is intended to be used in traumatic situations, Proceedings of an International 
experiments where translational accelerations are also Interdisciplinary Symposium on Tral~c Speed and 
present. It is obviously of great interest to see if the Casualties held at GI Avernaes, Funen, April 22-24, 
deformations will be changed to any significance when 1974, Denmark. 
translational accelerations are introduced. It is also in- 7. Ljung, C. (1975). A Model for Brain Deformation 
tended to make pressure measurements in the gel in these due to Rotation of the Skull. J. Biomechanics, 1975, 
experiments. Vol 8, pp 263-274. 

Finally, in order to be able to express the results in 8. Ono, K., Kikuchi, A., Nakamura, M., Kobayashi, 
quantitative form the two-dimensional approach has to H. and Nakamura, N. (1980). Human head tolerance 
be abandoned and methods for building and studying to sagittal impact reliable estimation deduced from 
three-dimensional models are being investigated, experimental head injury using subhuman primates 

and human cadaver skulls. 24th Stapp Car Crash 
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Neck Injuries 

A comparative study of neck injury mechanisms in in which it was shown that it was possible to obtain useful 
frontal collisions in the U.S. and in the Federal Republic information by such comparative evaluation of two large 

of Germany scale accident files in two different countries. (1) Similar 
proportions of accident types and distributions of injuries 

AYUB K. OMMAYA, M.D., S. BACKAITIS, to car occupants with a few differences related to data 

W. FAN, and S. PARTYKA sampling techniques were found. Thus the U.S. data set 

National Highway Traffic Safety (NCSS file) contained a higher proportion of uninjured 
people compared to the German (HUK-Verband) data 
set because the NCSS data are based on tow-away of at 

K. LANGWIEDER, Ph.D. least one of the involved accident vehicles whereas the 
HUK data are based on the presence of at least one minor 

HUK-Verband 
injury to accident victims. This and other differences 

In an earlier report by K. Langwieder et al. we pre- could be controlled by techniques described in the above 
sented the results of coordinated studies on neck injuries referenced report. In this paper we summarize our pre- 
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Figure 1. Accident material. Figure 3. Frequency of neck injury by impact direction. 

vious findings and present the results of that analysis shows a comparison of the weighted and normalized sam- 

combined with a review of the files of 222 cases of AIS- ples from the NCSS file (unrestrained) with the cases 

3 to -6 injuries which constitute all of the more severe from the HUK file for varying levels of the AIS. Note 

neck injuries in the N.C.S.S. files with adequate medical that when the NCSS data are normalized by reducing the 

......... data. Although the vast majority of automotive neck in- uninjured category that the percentages of injured and 
........... juries are of the minor cervical strain, "whiplash" or uninjured necks at the various AIS levels are fairly com- 

hyper-extension/flexion variety, the more disabling mi- parable. The numbers of neck injuries in the two data 

nority of cases produce devastating consequences in terms sets related to different impact directions are shown in 

of human, social and economic costs. In recent studies Figure 2. Note the greater number of more severe neck 

by Smart and Sanders it was estimated that 5500 cases injuries in the NCSS file data with more comparable 

of AIS-5/6 occurred in 1974 of which 3000 died at the numbers at AIS-1 to -3 levels. The frequency of neck 

accident site due to the neck injuries and 2500 were ad- injury by impact direction distribution is more clearly 

mitted to hospitals. Of these only 133 made functional seen in Figure 3. Note the clear predominance of frontal 

recoveries, 1091 remained quaddplegic and the remainder impacts with side and rear collisions following in a similar 

died. Since automotive neck injures constitute over 50% sequence in both data sets. 

of all neck injuries the mounting annual costs are highly The severity distribution of neck injury between minor 

....... significant. (2) It should also be emphasized that even (AIS-1), moderate (AIS-2 and -3) and severe (AIS-4 to 
the approximately 95% of all neck injury cases at the -6) is shown with reference to impact direction in Figure 

AIS-1 and -2 levels often entail loss of work and medical 4. This deafly brings out the fact that although frontai 

care costs which are out of proportion to the seeming impacts produce neck injuries most frequently, AIS-1 or 

"lesser" severity of these injures, whiplash type injures are more often due to rear end 

The accident material is summarized in Figure 1 which collisions. 

Figure 4. Frequency and severity of neck injuries in different 
Figure 2. Numbers of neck injuries in accident material, impact directions. 
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surfaces all play a role in neck injury causation in addition 
to accident severity (AV). This conclusion is further sup- 
ported by the finding that no neck injury of severity 
> AIS-3 occurred in any restrained occupant in the NCSS 

~ data at any impact speed. Only 2 such cases were found 
if in the HUK data, most probably related to vehicular 

structural failures rather than AV. 

VEHICLE CONTACT AREAS FOR HEAD 
AND NECK IMPACTS CAUSING NECK 
INJURIES 

/ Figure 6 illustrates the distribution of contact areas 

/ versus neck injury severity for all the frontal collision 
cases. These include 1569 cases with known contact and 
injuries at all AIS levels of which 973 were related to 6 
main contact areas, i.e., windshield, steering wheel, in- 

strument panel, A-Pillar, Mirror-Sunvisor and glove com- 
partment/hardware. Critical and fatal neck injuries were 
related primarily to the A-Pillar contacts. 

Figure 5. Cumulative distribution of occupants involved ~n 
frontal collisions versus change in impact speed RESTRAINT EFFECTS ON NECK INJURY 
(~v). OCCURRENCE 

The majority (82.6%) of neck injuries to unrestrained 
EFFECT OF SEX AND AGE ON NECK occupants do not involve direct impact to the neck al- 
I NJ U RY though 58.2% of these are related to head impacts leaving 

only 30.4% caused by inertial forces on the neck. Figure 
This study confirmed previous observations by Lung- 7 shows the overall frequency of neck injuries related to 

wieder on HUK data that females are at a higher risk head contacts in belted and unbelted occupants in frontal 
for AIS-I and -2 neck injuries (but at equal risk with men collisions. These data clearly indicate how restraints ap- 
for AIS-3 and above injuries) and that children up to 10 parently reduce the frequency of head contact related neck 
years old have about 1/6 the risk of neck injuries as injuries. The distribution of neck injury severity for belted 
compared to adults. This finding was also supported by occupants in both the NCSS and HUK data is shown in 
the observation made in both NCSS and HUK data in Figure 8. Note the absence of AIS-4 through -6 injuries 
this study that shorter people (below 152 cm/5 ft) have in the NCSS data and only 2 injured drivers in the HUK 
a risk of neck injury about 40% less than taller occupants, data. The interaction between restraint systems and pres- 
Significantly higher risk also exists for occupants aged ence or absence of head contact in the NCSS data is 
30 + as previously also shown in HUK data. (3,4,5) shown in Figure 9. The majority (88.6%)of neck injuries 

NECK INJURY AS A FUNCTION OF 
DELTA V 

Although both data sets begin to converge above 20 
mph for increasing risk of neck injuries in frontal colli- 
sions, a clear limit of speed change above which severe 
injures (AIS-3 to -6) would occur cannot be set. Thus 
18 of the severe injuries in these data occurred at < 15 
mph AV. Figure 5 shows the cumulative distribution of 
occupants with neck injuries (frontal collisions) versus 
AV. Critical and fatal neck injuries (AIS-5/6) do seem 

to occur, however, above a threshold of 20-25 mph 
These data support the idea that unfavorable occupant 

kinematics, relation of head and neck to car interior sur- 
faces and its intrusions and the characteristic of contact Figure 6. Contact areas versus neck injury severity. 
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Figure 7. Safe~¢ effect of restraints regarding neck injuries. 

to unrestrained occupants do not involve neck impacts. 
Of these 58.2% are produced by direct head impacts and 
30.4% by inertial forces. Only 11.4% of all neck injuries 
occur via direct neck contact. For restrained occupants     Figure 9. NCSS-Method distribution of neck injury mecha- 

.......... the rate of neck injury is reduced because of lower inci- nism. 

........... dence of head impacts. However the rate of neck injury 
via direct neck contact is doubled and inertial force injury 
rate increases by 50%. However, no injuries higher than concussion with or without soft tissue damage in 5.2% 
AIS-3 occurred in the restrained occupants and neck in- belted versus 16.5% unbelted occupants. This protective 
jury rates for unrestrained occupants at the AIS-2 and effect of restraints is not seen when more serious head 
-3 levels are more than twice that of restrained persons, injuries occur (2.6% versus 2.9%) most probably because 

......... Only at the AIS-1 level do restrained occupants show a of structural intrusions into the occupant compartment. 
slightly larger proportion of neck injuries. These data are In sum, both data sets show a more than 2-fold decrease 
very similar to the HUK data shown in Figure 10. In of occupant injury rates at the AIS-2 and -3 levels by the 
this data set most of the serious neck injuries are combined use of seat belts and a significant decrease of injury at 
with an independent head injury for unrestrained occu- 
pants, further supporting the conclusion that the most 
frequent type of severe neck injury (AIS-3 and above) for 
unbelted occupants consists of an initial force loading the 
head by contact which results in compressive and shear 
strains followed by severe flexion or extension of the 
cervical spine. This figure shows a nearly 3-fold reduction 
of combined head/neck injuries when they occur with 

Figure 10. HUK-Method typical injury combinations of head/ 
Figure 8. Restraint effect on neck injury occurrence, neck complex. 
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the higher AIS levels. Only AIS-I injuries increase in the 1. Insights into injury mechanisms require a greater 
restrained occupants, sophistication of medical data in accident investigation 

studies. 
2. Such studies should optimally be designed as pro- 

spective research with careful attention to adequate 
comparability of impacts to assure that the cases used 

MECHANISMS OF NECK INJURY to establish the statistical profile truly reflect the 
claimed injury mechanisms. 

A computer search of the NCSS data file revealed 222 3. Further clinical studies must be supplemented with 

cases with AIS-3, -4, -5, and -6 injuries to the neck in experimental work to extend the knowledge of neck 

which adequate medical data were available. The distri- injury criteria from the currently accepted data which 

bution of these cases between these AIS levels is of con- provide information on only 3 of the 9 criteria required; 

siderable interest. Thus the majority of cases were e.g., data on flexion and extension, bending moments 
distributed almost equally between AIS-3 (= 86) and and axial compression are available, but horizontal and 

AIS-6 (= 93) cases w5th a much smaller proportion fall- lateral shear, torsion, lateral bending and axial-tension 

ing into the AIS-4 (= 15) and AIS-5 (= 28) categories, data are nonexistent. 
Because significant neural damage to the spinal cord be- The results and the conclusions of this study should 

gins at AIS-5 there appears to be a fairly abrupt transition not be considered definitive for neck injuries, but they do 

at the AIS-4 level between the less severe and the most confirm the fact that neck injury characteristics in both 

severe cases. These transition data are very reminiscent continents are nearly identical and that similar counter- 

of the findings collected by NHTSA staff member J. Mar- measures could produce significant injury reductions. 
cus from two sources6’7 which showed that if the putative 
levels of injurious moments (M) at the occipital condyles BIBLIOGRAPHY 
in flexion are listed for increasing severity of neck injury, 
a sharp transition is seen between AIS-2 injuries at 140 
ft lb and AIS-5 injuries at 150 ft lb. This small moment 1. Langwieder, K., Backaitis, S., Fan, W., Partyka, S., 
increase for catastrophic neck injuries could be due to and Ommaya, A. K. Comparative Studies of Car Oc- 

methodologic causes, but it is certainly supported by the cupants in Frontal Collisions in the United States and 

accident date reviewed above, the Federal Republic of Germany. Proc. 25th Stapp 
Statistical study of NCSS and HUK files shows that a Car Crash Conference. S.A.E. 1981. 

major cause of critical and fatal neck injuries in frontal 2. Smart, C. N. and Sanders, C. R., "The Costs of Motor 
collisions are head impacts with the interior surfaces of Vehicle Related Spinal Cord Injuries." Insurance In- 
the vehicle. Inertial loading of the head and neck without stitute for Highway Safety, Washington, D.C. 1976. 

head impact is significantly less noxious. With head im- 3, Langwieder, K. Dissertation. Techisches Universitatet 
pact, the compressive and/or shear loading of the neck TU Berlin 1975. 
and its subsequent failure in flexion or extension is the 4. Langwieder, K. et al. "Kinderversicherunger in 
putative mechanism for severe neck injuries causing quad- PKW." IRCOBI Proceedings. Lyon, France 1974. 
riplegia. Without head impact, flexion/extension (whip- 5. Langwieder, K. et al. Comparisons of Passenger In- 
lash) caused by inertial loading is the injury mechanism juries in Frontal Car Collisions with Dummy Loading 
observed, which, fortunately, is not a cause of major in- in Equivalent Simulations. Proceedings 23rd Stapp Car 
jury. The close association of head and neck injuries is Crash Conference. San Diego, Cal. 1979. 

welt supported by these data and the role of restraint 6. Mertz and Patrick. "Strength and Response of the 
systems in reducing both types of injuries by preventing Human Neck." 15th Stapp Car Crash Conference. 
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of the case reports establishes the following points for HS-7-01792. Wayne State University (R. Morgan, 

fu~her study: NHTSA Contract Manager). 
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Development of Neck Injury Tolerance Criteria in Human Surrogates= 
I. Static Tensile Loading in the Baboon Neck: Preliminary 
Observations 

JOHN B. LENOX, RICHARD L. STALNAKER, pairment thresholds, from fresh human cadaver data, that 

CURTIS D. WHITE, GARY T. MOORE, may apply in real accident victims. 

ORIN M. ANDERSON, 
............... RALPH R. SCHLEICHER, INTRODUCTION 

H. HERBERT PEEL, SUSAN S. MARTIN, 
GERALD D. DRISCOLL The primary objective of this study was the initiation 

of an experimental series for identification of a set of neck 
Southwest Research Institute                  injury criteria suitable for representing serious neck in- 

juries sustained by car crash occupants. Pursuing this 
HOWARD W. HUNTINGTON objective meant considering the full spectrum of medically 

The University of Texas Health Science significant structural (skeletal-ligamentous) and func- 

Center at San Antonio tional neural tissue (spinal cord) injuries that could be 
sustained due to indirect neck loadings occurring during 

K. DEE CARE’( 
automotive crash events. (1-17) 

Cervical spinal injuries have been studied (18-23) and 
Southwest Foundation for Research and some injury threshold data for static and dynamic neck 
Education loads already exist. (6,24-26) However, injury thresholds 

have not been experimentally established for static or 

MARK P. HAFFNER and dynamic head loaading that induces combined atlas-oc- 

AYUB K. OMMAYA, M.D. cipital tensile and shear loads and torques. 
The first test of an initial static neck loading test series 

National Highway" Traffic Safety Adminis- has been conducted in this program; specifically, a neck 
tration tension test of an anesthetized, 12.2-kg, eight~year-old 

female baboon (Papio hamadryas) is reported. A state of 
muscle paralysis was maintained throughout neck load. 

ABSTRACT ing, for several reasons. First, the experiment provided a 
living-equivalent muscle tone state that mimicked the 

Currently available biomechanical data are insufficient 
state of flaccid muscle tone present in fresh cadaver test 
subjects, in contrast to the varying muscle "tone" present 

for determining the neck loads required to produce cer- 
either in embalmed cadavers or in cadavers that are not vical injuries in automotive accidents. The purpose of this 
fresh. Second, injury thresholds derived represented study was to initiate a series of experiments required for 

identifying injury mechanisms and to develop criteria suit- 
worst-case, static, tensile neck loading, since the flaccid 
muscles could provide only mh~imal protection. Third, 

able for representing the spectrum of significant func- 
the plan was to achieve test conditions that were more tional and structural neck injuries that could be sustained 
reproducible than could be achieved by attempting to by car crash occupants. The first test conducted was a 

static r~.eck tension test performed on an anesthetized, 
maintain muscle tone at levels that can only be poorly 

12.2-kg baboon (Papio hamadryas). A state of muscle 
defined. Fourth, the state of flaccid muscle paralysis en- 

paralysis was maintained throughout neck loading to 
hanced the physical significance of having elected to 

mimic the flaccid muscle tone present in fresh human 
equivalently characterize neck loading by a resultant 

cadavers. Tensile neck loading was increased at a rate of 
force, acting at that skull-fixed point defined by the in- 
tersection of the animal’s mid-sagittal plane with the flex- 20.2 N every five minutes until definitive structural failure 
ion-extension axis of the atlas-occipital joint, and a torque (atlas-occipital subluxation) occurred at the 1170 N load 
(that was essentially zero for the first test). 

level. Neurophysiological testing in the anesthetized an- 
imal demonstrated that cervical spinal cord function was 
seriously impaired at the 595 N load level, i.e., at 51 METHODOLOGY 
percent of the structural failure load. The potential im- 
plications of this finding are discussed, relative to the Medical 
understanding of injury mechanisms. In addition, a strat- Animal Care. The Papio hamadryas used as the exper- 
egy is presented for deriving functional neural tissue im- imental study model for this program was purchased from 
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a United States Department of Agriculture (USDA)-ap- ditory AERs (implanted skull and C1 electrodes; re- 

proved commercial animal dealer. The baboon was corded once per five-minute loading cycle midway 

brought to Southwest Research Institute (SwRI) and between load increases) 

quarantined according to established procedures for ha- (6) Ventilation rate and depth (pneumotachometer cou- 

boons. The quarantine included five weeks of strict iso- pled to the endotracheal tube; recorded continuously) 

lation from other nonhuman primates and a specific (7) Arterial blood gases (pO2, pCO2 and pH measured 

tuberculin testing and disease monitoring regime during periodically) 

this period. Upon release from quarantine the baboon was 
B.P. and H.R. were both recorded on a multichannel 

maintained in an individual cage in a controlled atmos- 
strip chart recorder and digitized for digital display and 

phere until used for testing. The SwRI Laboratory Animal storage. The data stored in digital form were processed 
Medicine Program and Facilities are approved by the 

post-test to provide compact trend analysis graphs. AERs 
American Association for Accreditation of Laboratory 

were stored on computer disks, for post-test retrieval and 
Animal Care and the USDA. Approval by these orga- 

analysis of AER data. 
nizations is based on guidelines from the Animal Welfare 

Radiology. Whole body and cervical X rays were taken 
Act of 1970 and the Guide for Care and Use of Laboratory 

of the animal on test day prior to surgery and at the end 
Animals. In addition to these approvals all protocols in- 

of the loading phase, immediately after removal of the 
volving animal care and testing are subjected to a review 

animal from the potted torso and head containers. In 
by the SwRI Animal Care Committee. This program was 

addition to repeating the standard set of pretest X rays, 
reviewed and approved by the SwRI Animal Care Corn- 

lateral and ventrodorsal X rays were taken of the cervical 
mittee. 

spine during reapplication of a tensile neck load estimated 
Test Day Regime. On the morning of the test day, the 

to be in the range of 300 N. 
animal was anesthetized, shaved and prepped, and a set 

Post-Test Regime. Post-test, the custom-potted torso 
of shape and size body measurements was recorded. Sur- 

and head containers, when coupled together rigidly with 
gery was then performed to: (1) insert an endotracheal 

linkages, provided a secure litter for transporting the 
tube; (2) introduce a Millar combination blood pressure 

neck-injured animal (without further injuring the neck) 
transducer and arterial blood sampling catheter into a 

to the X ray laboratory and later to the necropsy labo- 
femoral artery, placing it in the abdominal aorta at the 

ratory. Following the post-test X rays, and up until one 
level of the xyphoid; (3) implant right and[ left occipital 

hour prior to necropsy, the test animal was kept refrig- 
average evoked response (AER) skull electrodes; (4) per- 

crated at 4°C. A complete necropsy was performed 36 
form the minimum cutdown required to apply a Michel hours post-test. The necropsy findings were thoroughly 
clip adjacent to the spinous process of the first thoracic documented in writing and via medical photographs. The 
(T1) spinal vertebra, for X ray verification :reference (just 

brain and spinal cord were then preserved in 10 percent 
prior to initiating neck loading, the T1 extender hemostat buffered formalin for microscopic neuropathological ex- 
was claml~d between the T1 and seventh cervical (C7) 

amination. 
spinous processes); and (5) place an indwelling urethral 

catheter into the bladder. Bioengineering 
A deep state of anesthesia was maintained throughout 

the test day by the veterinary anesthesiologist until death Torso and Head Constraint. Stereotaxic alignment and 

occurred. Chloralose anesthesia was utilized during load- restraint of the head within the head container was 

ing to accentuate the far field AERs. A state of complete achieved by clamping to a custom-fitted dental appliance, 

flaccid muscle paralysis was maintained by administering and butting the caudal surface of the animal’s occiput 

curare in divided doses prior to and throughout the load- and mandible up against the firm rubber grommet cov- 

ing phase. Ventilation was maintained by an abdominal efing the custom-sized and shaped exit neck opening (see 

respirator that was monitored and adjusted in accordance Figure 1). With the dental appliance in place and the 

with pneumotachometer readings and arterial blood gas mouth taped firmly shut, the occiput was pushed snuggly 

values, up against the neck hole. A four-degree-of-freedom link- 

~vledical Date. Instrumentation was provided for men- age grasping the dental appliance extension pipe was then 

ito~g and recording: adjusted and locked to achieve maximum flexion of the 

head within the head container and mandibular contact 

(1) Blood pressure (B.P.) (systolic, diastolic and mean; with the head container, and to align the skull squarely 

recorded continuously) within the head container. 

(2) Heart rate (H.R.) (recorded continuously) Stereotaxic alignment and restraint of the torso within 

(3) Electrocardiogram (ECG) (Lead II recorded contin- the torso container was achieved by using a detachable 

uously) torso alignment and restraint frame. This frame had ad- 

(4) Rectal temperature (recorded continuously) justable shoulder clamps for positioning and restraining 

(5) Right- or left-sided far field somatosensory and au- the upper thorax symmetrically about the animal’s mid- 
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vent either shifting of the head and torso within the con- 

tainers or injury to the test anima! as a result of 

overcompression of vital tissues. 
Abdominal Respirator. A plaster casting had been made 

of the test animal’s abdomen prior to test day. A fiberglass 

abdominal respirator bell had been fabricated with the 

bell opening custom-shaped to contact the animal’s ab- 

domen from just cephalad of the symphysis pubis to just 
cephalad of the xyphoid and along the ventro-lateral mar- 

.............. gins of the thoracic cage and walls of the abdomen. The 

............ opening of the bell was covered and sealed with a Neo- 

Figure 1. Head constraint, dental appliance, flexion-exten- prene® diaphragm that had its resting shape "domed" to 
sion atlas-occipital axis of rotation, and definition match the domed shape of the abdomen. The maximum 
of atlas-occipital shear plane positive (expiratory) and negative (inspiratory) pressure 

of the ventilator could be adjusted, along with the res- 

sagittal plane in an erect, shoulders-back, posture. In piratory rate. 

.......... addition, this alignment-restraint flame had fight and left T1 Extender. The T1 vertebral body extender consisted 

thoracic supports, right and left pelvic/leg supports, and of a 12.7-cm straight hemostat modified by adding (1) 

provisions for holding the animal in place with cephalic two pins for piercing the interspinous ligaments, to min- 

and caudal thoracic straps and a mid-abdominal strap, imize artifactual rotation of the hemostat; and (2) two 

The caudal thoracic strap and the mid-abdominal strap crossbars to the handle, to serve as X-ray targets and 

............. were fastened over the abdominal respirator bell. Once supports for photographic targets. 

the animal was secured to the alignment-restraint frame, 

this frame was then bolted in place in the torso container. 

The neck exited the torso container through a custom- 

sized, circular opening. The neck hole edge was covered 
Biomechanical 

with a firm rubber grommet for protection. Head Attitude for Tensile Neck Testing. The skull-fixed 

Both the head and torso containers were comprised of shear plane of the test animal’s atlas-occipital joint was 

separate right (lower) and left (upper) halves, with pro- defined as being normal (perpendicular) to the long axis 

vision for fastening them together in the mid-sagittal plane of the thoraco-cervical spinal column when the animal’s 

of the animal. The four-degree-of-freedom linkage to bite plane was also perpendicular to the long axis of the 

which the dental appliance extension pipe was secured, thoraco-cervical spinal column (see Figure 1). This def- 

and the torso alignment and restraint frame, were de- inition of atlas-occipital shear plane was selected, based 

........... signed to facilitate release of the head and torso after they upon: (1) assessment of the natural, neutral position of 

............ had been potted in place with structural polyurethane this baboon’s head, relative to the torso; (2) assessment 

foam. of a contrived, human-equivalent, "eyes front" neutral 

Head and torso container dams were custom-shaped, position of the head, relative to an erect thorax held in 

using an adjustable, two-dimensional template, to con- a shoulders-back posture of attention; (3) X-ray flexion- 

form to the mid-sagittal planar contours of the animal, extension range-of-motion studies of the head; and (4) 

These dams were inserted in duplicate between the right actual study of Papio hamadryas cadaver atlas-occipltal 

and left halves of the head and torso containers. In ad- joint articular surfaces. 

dition, custom-shaped right and left dams were also used The biomechanical goal for this first tensile neck load- 

to seal the torso container at the thoraco-abdominal ing experiment was to position the head, relative to a 

junction, shoulders-back, erect, torso posture, such that the ani- 

Twenty-four hours prior to testing, all interior surfaces mal’s bite plane (atlas-occipital shear plane) was perpen- 

of the head and torso containers were coated with latex dicular to the long axis of the cervical spine. For the first 

liquid rubber. Just prior to placing the animal in these test, this goal was nearly achieved with the head versus 

containers, the head was covered with a latex hood and torso orientation having been set at 3.5° of head extension. 

the torso and upper arms were covered with a latex jacket. Thus, a pure tensile load applied to the head by means 

The latex rubber covering on the animal, the inside of of a load pin effectively colinear with the flexion-extension 

the containers, and internal stereotaxic container parts atlas-occipital axis would induce an atlas-occipital ventral 

facilitated post-test release of the animal from the struc- shear load equal to 6 percent of the induced atlas-occipital 

tural foam and the foam from the container itself, tensile load (sine 3.5* × 100). The 3.5° of head extension 

The structural polyurethane foam was then injected could not be eliminated for this test, because the already 

and poured into the head and torso containers. Exit holes short chin-chest clearance of baboons was further reduced 

in the containers were provided for excess foam, to pre- by the requirement to hold the mouth open with the dental 
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appliance that provided clearance for the endotracheal body displacement could be performed. This provided the 
airway, means for tracking translation of the T1 vertebral body 

Skull Location of Shaft (Load Pin) Transmitting Load centroid, even as significant T1 vertebral body rotation 

from Head Container Translation Platform to Head Con- was occurring. 

tainer (Skull). Prior to performing neck loading, the head X-Rays. Radiographs taken for biomechanical proposes 
container was radiographically positioned to ensure that included: 
the animal’s flexion-extension axis of rotation was coin- 
cident with the vertical load pin axis. This positioning 

(1) Cervical spine during loading (at every fifth load level 
and at the last load level of 1170 N when structural 

maneuver was accomplished in two iterations and con- 
failure occurred) 

firmed by the third X ray, at which time the optical axis 
(2) Location of load pin versus atlas-occipital axis 

of the X ray beam, the flexion-extension atlas-occipita! 
(3) Location ofT1 extender hemostat versus T1 vertebral 

axis and the load pin axis were all essentially coincident 
body 

(see Figure 2). Theoretically, when the load pin and the 
(4) Cephalic (superior) thoracic spine (torso aligned and 

flexion-extension atlas-occipital axis are coincident, ten- 
restrained in torso container) 

sile loading of the neck by the skull can be equivalently 
characterized, by analyst’s choice, as: (1) one resultant 

(5) Caudal (inferior) thoracic spine (torso aligned and 
restrained in torso container) 

atlas-occipital force that can be resolved into tensile and 
shear components, and (2) zero applied external torque. 

(6) Maximum head extension (erect torso posture) 
(7) Maximum head flexion (erect torso posture) 

Induced torque applied to the head by the neck, by lig- 
arr~entous imbalance occurring during loading, was re- Test Configuration. Neck tension testing was conducted 
corded and resisted with essentially zero rotary with the anesthetized test animal lying on its right side 
displacement by a rotary torque transducer that coupled on a static neck testing fixture. The torso container re- 
the head container and head translation platform, mained fixed, while the head container was free to trans- 

T1 Extender. By utilizing two visual/X-ray targets on late within the horizontal plane (the animal’s sagittal 
the T1 extender and by tracking (via the overhead tele- plane) as loading was applied (see Figure 2). 
~5sion video, and 35 mm cameras) the "X-Z" torso con- Load Application Rate. Loading was applied to the head 
tainer coordinates of these targets as a function of load, platform in 20.2 N increments at five-minute intervals. 
a full three-degree-of-freedom analysis of T1 vertebral A load transducer measured the tensile load applied to 

the head platform (i.e., to the neck). The line-of-force of 
the load applied to the head platform was aligned parallel 

ro~ wEw with the long (head-to-tail) axis of the thoraco-cervical 
-~-7 

vertebral spinal column of the test animal. 
Engineering Data. The following engineering data were 

recorded continuously throughout the loading phase of 
the test: 

(1) Tensile neck load versus time 
(2) Neck torque applied to the head 
(3) "Z" (cephalic) head translation (analog and manual) 

(4) "X" (ventral) head translation (analog and manual) 

(5) Real-time load versus head displacement plot (for 

s~t~ wEw monitoring during loading) 
(6) Black and white photographs (one exposure per load 

~,,-z~ ............. -~ increment midway between load increases; optical 
i -"" ...... axis of camera set perpendicular to animal’s sagittal 

~J ’ tc ~ _ ~__:~ ~ 
plane and intersecting ventral TI vertebral body ex- 

,.. ~_.. \ ,,, tension target) 

II ~ ~:~ -~T~"~ ...... .~ ~ (7) Color television video coverage (15 seconds prior to, 
..... ~ ~ ...... ~--,," during and following each load increase; optical axis 

i~,.s]!~ 
camera set nearly perpendicular to sagittal of animal’s -- ~ .... i ~O~ ~s~ plane and intersecting C5 vertebral body when the 

2 ....... neck was unloaded). 

General 
The described methods provided the means for apply- 

Figure 2, Static neck loading fixture setup, ing large tensile loads to the neck without introducing 
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artifactual injuries more serious than minor, integument prior to the neck undergoing structural failure) was 64 
contusions or abrasions to the occiput, mandible and percent of the initial neck length (see Figure 3). 
shoulders. Atlas-occipital loading involving predomi- 
nately pure ventro-dorsal shear loading could have been 
induced, instead of tensile atlas-occipital loading, by ad- Medical 
justing the line-of-force of the applied load to be perpen- 
dicular to the long axis of the thoraco-cervical vertebral Physiological. The mean blood pressure declined and 

heart rate increased until the 655 N level was reached, spine. However, it should be emphasized that the method 
at which point the mean blood pressure and heart rate 

currently used for computing the atlas-occipital forces 
both fell steadily. Death occurred at the 1040 N level (see 

and torque will not apply if the head container makes 
contact with the torso container. 

Figure 3). 
NeurophysiologicaL The somatosensory (wrist-to-brain) 

far field AER test results, that provided an electrophys- 

RESULTS iological measure of cervical spinal cord and brain integ- 
rity, remained essentially normal and unchanged for the 

Engineering first 115 minutes of tensile neck loading, until the 24th 

External Load Versus Time. Induced tensile neck load load level of 514 N. At this 514 N level the somatosensory 

was increased every five minutes until the 51st load level. AER primary peak amplitude fell 50 percent and the 

Death had occurred at the 50th load level. The load somatosensory AER transmission time latency period had 

increments were continued every two minutes until de- begun to increase significantly (see Figure 3). By the 27th 

finitive, ligamentous structural failure (definitive increase load level of 575 N, the somatosensory AER latency time 

in skull displacement) occurred at the 56th load level (see 
Figure 3). 

Neck Torque Versus Load. The necktorquemagnitude .. ~I~ ~;~ i ~ , i ~ ~ ,. ~:~oo 
varied throughout loading but never exceeded 0.45 N. m 
of torque. ......... 

Head Displacement, Relative to Torso Body Block, Ver- 

sus L°ad The t°tal displacement °f the head c°ntainer’ ".,.. ~ 
relative to the torso container, at 1150 N tensile neck 
loading (just prior to definitive structural failure) was 106 .... 
mm. This represented an average displacement-load ratio ....... 
of 0.091 mm/N. The final total displacement at 1170 N 
was 115 mm. This final displacement of 9 mm exhibited 

a displacement-load ratio of 0.45 mm/N, a value that~      ~ .... 
was 4.9 times higher than the average displacement-load      ~ ..... 
ratio. 

T1 Vertebral Body Displacement, Relative to the Torso ~ ...... 
Container, Versus Load. Translation of the TI vertebral . 
body centroid, relative to the torso container, was con- 
fined to positive Z (cephalic) displacement along the long 

~.~ ......... axis of the cervical spinal column, since essentially zero 
X (ventro-dorsal) displacement occurred. The Z displace- 
ment of the T1 vertebral body centroid plateaued at a .... 

maximum of 6.55 cm at a tensile load of 1050 N (see 
Figure 3) ...... 

T1 vertebral body displacement involved left-handed 
~7 

rotations about a leftward-directed (Y) axis, in progres- 
sively diminishing increments, until the 20th load level 
of 433 N. A maximum total rotation of 16° was reached 
at the 20th load level. T1 vertebral body orientation did ,.... 
not change further at higher load levels. , 

Neck Length* and Neck Elongation Versus Load. The 
neck elongation at the tensile load level of 1150 N (just 

Figure 3. Mean blood pressure, heart rate, somatosensory 
and auditory far field average evoked response 

*Neck length was defined as the perpendicular, mid-sagittal planar distance from 
the centroid of the T1 vertical body to the flexion-extension axis of the atlas- (AER) latency time and principal peak amplitude, 
occipital joint, and neck elongation versus tensile neck load. 
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had increased by 60 percent from 10 to 16 ms. By the transmission at this level of the spinal cord comprises a 

28th load level of 595 N no somatosensory AER could critical threat to life. In fact, if respiration had not been 

be detected, sustained mechanically by the abdominal respirator, it 

The auditory (ear-to-brain) AER test results, that pro- appears certain that death would have resulted. Because 

vided an electrophysiological measure of brain integrity, of the large difference between the neck loads for AER 

remained essentially normal and unchanged for the first blockage and for structural failure, it is reasonable to 

150 minutes of tensile neck loading, until the 31st load hypothesize that normal cervical spinal cord function 

level of 655 N. At this 655 N level the auditory AER might have been completely, or partially, restored had 

primary peak amplitude fell by 50 percent while the au- the static tensile neck loading been immediately removed 

ditory AER transmission time latency period remained following extinction of somatosensory AERs (i.e., at 51 

unchanged (see Figure 3). By the 34th load level of 716 percent of the structural failure load). Alternatively, once 

N, the auditory AER latency time had increased by 33 a given load level, above the threshold load level for 

percent from 6 to 8 ms. By the 35th load level of 736 N extinction of somatosensory AERs, had been reached, 

no auditory AER could be detected, injuries sustained by the cervical spinal cord might well 

Radiological. Post-test, tensile, stress x-rays of the cer- be irreversible. Only further experiments can resolve this 

vical spine revealed marked caudal displacement of the question. 

atlas (C1 vertebral body) relative to the occiput. Functional Versus Structural Thresholds. At the 595 N 

Gross Pathological. There was severe subluxation of the tensile load level there was neurophysiological evidence 

atlas-occipital joint, with laceration of the dura on the that transmission of electrical signals through the cervical 

dorsal aspect of the spinal cord. The ventral dura was spinal cord had been interrupted. Thus, a functional 

not torn. There was complete separation of the spinal neural injury impairment of critical clinical significance 

cord at the junction of the medulla, although there was had been sustained at 51 percent of the neck tensile load 

little evidence of hemorrhaging along the separated mar- level required to induce structural failure in the neck 

gins of the spinal cord and medulla. There was massive tissues. It should be noted that progressive, static tensile 

basilar subarachnoid hemorrhage, covering all surfaces of neck loading in the anesthetized animal resulted in death 

the basal meninges and extending as far ventrally as the at the 1040 N level. Loading was continued on this fresh 

optic chiasm, cadaver until structural failure occurred at the 1170 N 

The ventral cervical strap muscles had torn away from load level. For comparison, Sances (24) found that the 

the oc~iput. The ventral atlas-occipital (C1 vertebral cervical spinal column of an anesthetized, 12.0-kg monkey 

body-skull) ligaments were completely severed. The dor- (Macaca mulatta) failed at a static axial tensile load of 

sat atlas-occipital ligaments were intact but appeared to approximately 1100 N. In addition, Sances found that 

be stretched. The atlas-occipital joint capsule was torn the afferent and efferent average evoked responses sig- 

with severe hemorrhage into the joint space. The atlas- nificantly decreased well before the cervical spinal column 

axis (C1 vertebral body-C2 vertebral body) joint capsule failed. 

was hemorrhagic, with severe hemorrhage into the joint 
space. 

Neuropathological. Microscopically, the edges of the 
Injury Mechanisms 

separated cervical spinal cord and the medulla showed 
definite, acute parenchymal hemorrhage, extending sev- Cervical Spinal Cord. Although there was evidence of 

eral millimeters into the adjacent tissue, although no ac- some fresh parenchymal bleeding, there was a remarkable 

tual hematomas could be found at these margins, paucity of blood along the separated margins of the spinal 
cord and medulla. This would suggest that: (1) the animal 
was essentially without blood pressure at the time that 
structural failure (subluxation of the atlas-occipital junc- 
tion) occurred; and (2) the actual separation of the spinal 

Injury Thresholds for Static Neck Tension cord occurred as a late event. Regardless, the parenchy- 
mal hemorrhage that was present would suggest that there 

Neural Function Threshold. Extinction of the soma- had been severe pressure on this region of the spinal cord, 

tosensory AERs, in the presence of normal auditory perhaps from compromise of the spinal canal that had 

AERs, provided evidence for a putative site of interference occurred with marked stretching of the atlas-occipital 

with electrical signal transmission and processing between ligaments. 

the wrist and the cerebral cortex. It appears reasonable The massive basilar subarachnoid hemorrhage could 

to hypothesize that this site of traumatic blockage of only have occurred at a time when the animal had blood 
transmission was at the level where complete separation pressure higher than intracranial cerebrospinal fluid pres- 

of the spinal cord and medulla eventually occurred, i.e., sure. It is possible that the basilar or intracranial vertebral 

at the spine-medullary junction. It is known that signal arteries high in the neck tore early in the sequence of 
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events as a result of tensile strains transmitted intracran- human cadavers. Such functional versus structural injury 
ially. Direct evidence of cervical vertebral artery tearing scaling relationships for the necks of living humans could, 
was not detected during the gross necropsy for this first perhaps, be further validated from data analysis 

........... tensile neck loading test. Methods suitable for detecting on selected crashes and suitably paired accident 
............ the source of hemorrhage associated with neck loading reconstructions. 

will be utilized in future studies. 
Structural. The high cervical ligamentous, joint cap- 

sular, spinal cord dural and muscular injuries occurred, 
no doubt, as a result of predominately tensile loading to CONCLUSIONS 
each of these structures. These lesions were all high in 
the neck, implying that the atlas-occipital and atlas-axis A static tensile loading experiment performed on an 
joints and surrounding structures must be weaker and anesthetized Papio hamadryas produced neurophysio- 
more vulnerable to injury than the lower cervical joints, logical evidence that cervical spinal cord function had 
Whether disruption or tearing occurred ventrally or dor- been seriously impaired at 51 percent of the load subse- 
sally would have been dependent upon the relative degree quently required for the occurrence of structural failure 

....... of head flexion or extension present during tensile loading, (subluxation of the atlas-occipital joint). It appears likely 
along the long axis of the thoraco-cervical spinal column, that dynamic neck loading experiments will confirm that 

serious functional impairment of the neck can be pro- 
duced at load levels well below those that cause structural 
failure of the neck. 

SCALING FRESH HUMAN CADAVER DATA Existing anthropomorphic automotive test dummies 
............. TO PROVIDE SOFT TISSUE INJURY have generally been developed based upon biomechanical 

........... THRESHOLDS FOR LIVING HUMANS data generated from testing performed on human cadav- 
ers. This biomechanics data base should be expanded, so 

No data currently exist for directly scaling Papio ha- that future, advanced test devices can provide realistic 

madryas data to predict either structural or functional measures of the functional impairments sustained by au- 

neural tissue injury thresholds for neck loading in fresh tomotive crash victims. 

human cadavers or in living humans. Although the P. 
hamadryas is one of the more human-like nonhuman 
surrogates available, relative to many important shape 
and size considerations, existing differences in structural ACKNOWLEDGEMENTS 
and material properties make it nearly impossible to di- 
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Part Two: Dummies 
Description and Basis of a Three-Year-Old Child Dummy for 
Evaluating Passenger Inflatable Restraint Concepts 

M. J. WOLANIN, H. J. MERTZ, provided any objective correlations between the observed 

R. S. NYZNYK, d. H. VINCENT animal injuries and the inflatable restraint system design 

General Motors Corporation factors, nor was any attempt made in either program to 
develop a test device to aid in understanding the rela- 

.......... tionships between the observed injuries and the forces 
ABSTRACT exerted by the deploying cushions which could be used 

to guide the development of future inflatable cushion 
A primary concern in the development of a passenger systems. Consequently, when General Motors initiated 

inflatable restraint system is the possibility that a child the development of its second generation passenger in- 
could be in the path of the deploying cushion either due ratable restraint system, it concurrently undertook the 

............ to initial position at the time of an accident or due to development of a child dummy which would provide 
precrash braking accompanying an accident. Previous measures of the various deployment interaction forces 
studies by General Motors and Volvo have indicated that thought to be associated with injuries observed or inferred 
serious injuries to children are possible if the cushion/ from previous animal test programs. 
child interaction forces are not controlled by system de- An extensive child dummy development program was 
sign. This paper describes an instrumented child dummy considered impractical because such a program would 

............... which was developed to provide measurements of the ................. not result in a child dummy soon enough to be used to 
various cushion/child interaction forces. An analysis is support the passenger inflatable restraint development 
given describing the types of injuries which could be as- program. To be useful, a child dummy had to be devel- 
sociated with the various types of interaction forces. These oped in a relatively short time frame and had to provide 
results were used to develop appropriate dummy instru- measures of the types of forces and acelerations which 
mentation for indicating the severity of the cushion/child were thought to be associated with the types of animal 
interaction. A description of the modifications made to injuries observed in the previous inflatable restraint de- 
an existing three-year-old child dummy are described. The velopment programs. 
usefulness and limitations of the measurements made with A two-phase child dummy development program was 
the child dummy are discussed. While the measurement formulated. For the first phase, instrumentation was 
techniques were developed for evaluating inflatable re- added to an existing child dummy to improve its meas- 
straint system performance, some of the response meas- uring capabilities. Due to time constraints, modifications 
urements are appropriate for estimating child responses to improve impact response characteristics were kept to 
when restrained by a lap/shoulder belt or unrestrained, a minimum. For phase two, the child dummy was further 

modified to improve impact response characteristics and 

INTRODUCTION to eliminate any major deficiencies noted while using the 
first phase dummy. This paper describes the child dum- 

When General Motors started its development of a mies (Design 1 and Design 2) developed in Phases 1 and 

second generation passenger inflatable restraint, the in- 2, respectively. 

teraction of the out-of-position child with the deploying 
cushion was identified as a topic requiring further study. DESIGN 1 DUMMY 
In previous inflatable restraint development programs by 
General Motors Corporation (1) and Volvo (2), animals Analysis of Child/Cushion Interaction Forces 

have been used as child surrogates to evaluate potential To gain an insight as to what types of measurements 
injury hazards to children who may be in the path of the should be made with the child dummy, the kinematics 
cushion during its deployment. The General Motors’ pro- and kinetics associated with possible child/cushion in- 
gram which was conducted at Wayne state University teractions were analyzed. 
used baboons and chimpanzees as surrogates while the During the initial stage of deployment, the cushion and 
Volvo study conducted at Chalmers University in Sweden cover material are accelerated rearward relative to the 
used pigs. Significant brain, heart, liver and spleen injuries vehicle. If the child is close enough to the system he will 
were noted during the courses of these development pro- be impacted by this mass when it is in a relatively dense, 
grams. It was also apparent from these programs that concentrated form. The center of gravity of this mass will 
significant neck injury might occur if the animal was be decelerated by the part of the child’s body being im, 
positioned so that the interaction forces produced large pacted. This interaction force is termed "onset impulsive 
head to torso motion. Unfortunately, neither program force". 

287 



EXPERIMENTAL SAFETY VEHICLES 

A second type of force is developed on the out-of- dummy are not sensitive to the onset impulsive force due 

position child when a sut~cient volume of gas has been to the lack of transmissibility of the chest structure to 

generated to produce a positive gage pressure in the cush- short duration impulses applied to the front surface. How- 

ion resulting in the cushion material becoming taut. Prior ever, an array of accelerometers attached to the front 

to this point in the deployment cycle, the cushion is surface of the torso would be sensitive to onset impulsive 

unfolding and its volume is increasing in response to the forces and would give an indication of their distribution 

gas filling it. A large positive gage pressure cannot be over the torso surface. The technique required to make 

developed unless the cushion material is prevented from these measurements and corresponding torso modifica- 

unfolding, thus restricting its volume expansion. During tions are described in detail under the section on Torso 

the unfolding phase of the deployment cycle, the forces Modifications. 

on the out-of-position child are relatively small. However, 
when sufficient gas has been generated to make the cush- Techniques to Measure Effects of Membrane 
ion material taut, the cushion gage pressure will begin to Forces 
increase and the child will be accelerated rearward as the The child can be injured in two ways by membrane 
remainder of the gas is generated. The forces applied to forces. If large membrane forces are developed, the child 
the child during this phase of the deployment cycle are 
called "membrane forces" since they depend on biaxial 

will be rapidly accelerated rearward. Since the internal 

tensile forces being developed in the cushion material, 
organs will be accelerated as well, forces will be applied 
to them through their internal attachments and/or 

The magnitude of these membrane forces is dependent 
on the difference in the volumes of the undeformed and 

through contact with neighboring organs. If these internal 
forces are large enough, injury to the organs and/or at- 

deformed air cushion, the envelopment geometry, the rate tachments can occur. The magnitude of these internal 
at which the remaining gas is generated, the gas leakage 

forces will be dependent on the magnitude and direction 
from the cushion and the elasticity of the air cushion 

of the acceleration of the body segment containing the 
material. 

A third type of force is applied to the child when he 
organs of interest. Injuries to the brain and the organs of 
the torso such as the heart, lungs, liver, spleen and kidneys 

impacts the seat after being accelerated rearward by the are of particular concern. Measurement of the potential 
air cushion. These forces are called "rebound" forces. for injury to these internal organs due to membrane forces 
The magnitude of the rebound forces are dependent on can be obtained from whole body accelerations. Tech- 
the relative velocity at which the child strikes the seat, 
and the shape and stiffness of the seat structure involved 

niques to measure whole body accelerations are discussed 

in the impact. The relative impact velocity is dependent 
under the sections on Head and Torso Modifications. 

A second way the child can be injured by membrane 
on themagnitudeofthemembraneforcesand the velocity 

forces is by one body segment being accelerated at a 
of the seat structure at the time of impact. 

Since injuries can be produced by any of these different 
different rate than an adjacent segment, resulting in high 
interaction forces in the connecting tissues. Of specific 

types of forces, the first priority in the Phase I program 
was to identify techniques to measure the effects of these 

concern is injury to the neck area if the head is accelerated 
at a different rate than the torso. A load transducer in- 

types of forces, 
serted between the dummy’s head and neck can be used 

Techniques to Measure Effects of Onset to measure internal neck loads. Analysis of such loads 
can be used to predict the potential for neck injury. A 

Impulsive Forces 
technique to measure internal neck loads is discussed in 

The magnitude of the impulse associated with the onset detail under the section on Head Modifications. 
impulsive force is proportional to the product of the im- 
pact velocity and the mass of the cushion/door which Techniques to Measure the Effects of 
contacts the child. The peak of the onset impulsive force Rebound Forces 
will be large and the time to peak will be short because 

Injury to the internal organs can occur if the rebound 
the mass of the cushion/cover contacting the child will 
be quickly decelerated to the velocity of the surface of 

forces are too large, as well as injury to connecting tissues 
if the relative motion between adjacent body segments is 

the child which it impacts. Of importance in terms of too great. Since these are the same injury concerns noted 
possible serious injuries are the onset impulsive forces for the membrane forces, no additional dummy instru- 
applied to the head and torso of the child. 

mentation was considered necessary to assess the severity 
The severity of the onset impulsive forces applied to 

of the rebound forces. 
the head can be measured by accelerometers mounted at 
the center of mass of a dummy’s head since the head 
structure is quite rigid and will transmit short duration Mainframe Selection 
loads. Measurement of torso contact force is more dit~cult In order to have a child dummy available for use in 

because accelerometers mounted to the spine of the GM’s Inflatable Restraint System Development Program, 
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an existing dummy mainframe was chosen for Design 1. acteristics are employed in the shoulder to clavicle and 
At the time of this work, child dummies were being man- the femur to hip joints. 

ufactured by both American and European companies. 
General Motors had test experience with American-made 
three-year-old and six-year-old child dummies manufac- Head Modifications 
tured by Sierra Engineering Co. and Alderson Research 

Previous test experience with the ARL VIP-3C dummy 
Laboratories, Inc. (ARL). Since Sierra was phasing out 

indicated that the thin vinyl head covering frequently 
of the dummy manufacturing business, only the ARL 

failed at the zipper. This vinyl skin also interacted with 
three-year-old and six-year-old dummies were selected as    the head and neck in a somewhat variable manner during 

............ possible candidates for the mainframe for the Design 1 
............. both neck flexion and extension bending. To improve both 

dummy, 
durability and repeatability, the vinyl skin was discarded 

After weighing many considerations, the ARL VIP-3C 
in Design 1, resulting in a slight reduction in overall head 

was selected as the mainframe for the Design 1 dummy 
size. 

for the following reasons: 
The head cavity was modified to mount five linear 

i) Due to precrash braking, more younger children accelerometers; three accelerometers to measure the three 
............. would be expected to be near the instrument panel components of linear acceleration of the head’s mass cen- 

and thus involved with a deploying cushion. The three- ter and two accelerometers to measure head angular ac- 
year-old child dummy would be more representative celeration in the sagittal plane (Figure 2). The acceleration 

of these size children, of the head’s mass center is measured by three Endevco 

ii) A greater range of possible child positions and postures linear accelerometers orthogonally mounted on an alu- 
could be evaluated with a smaller, three-year-old child 
dummy. 

The ARL VIP-3C dummy is shown in Figure 1. The 
head is a urethane casting covered with a removable vinyl 
skin and is joined to the upper torso by means of a 
monolithic natural rubber neck. A foam-filled, molded 
urethane rib cage and steel weldment form the upper torso 
segment. The lumbar spine is a monolithic natural rubber 
cylinder connecting the upper torso and pelvis assemblies. 
A bronze casting and aluminum weldment form the pelvis 
which incorporates spherical sockets at the femur joints. 
The limbs are constructed of steel tubing covered with 
foam and a vinyl skin. Primary joints for the shoulder, 
elbow, wrist, knee and ankle are of a clevis design with 
adjustable joint friction. 

Twist joints which are incorporated in the arms and 
legs utilize a rod and sleeve design with clamping friction 
adjustment. Spherical joints with adjustable friction char- 

Figure 2~ Exploded view of the design 1 head and neck 
assembly showing the various head acceler- 
ometers and neck load transducer which were 

Figure 1: ARL VIP-3C three-year-old child dummy, added to the VIP-3C head and neck. 
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since high cervical neck injuries have more severe con- 
sequences than injuries to the lower cervical area. No 
modification was made to the ARL VIP-3C neck struc- 
ture and the overall dimension from the base of the neck 
to the top of the head was maintained at the ARL VIP- 
3C value. 

Torso Modifications 
The technique chosen to measure the effects of onset 

impulsive forces on the torso was to suspend a series of 
small masses near the surface of the torso and measure 

__® the accelerations of these masses as they responded to 
NECK CEmERUNE the onset impulsive forces. A uniaxial accelerometer was 

mounted to each mass and its sensitive axis was oriented 
REF. PT DESCRIPTION X~ Y~ ~Z. 

, top oF HEAD 0.0 0.0 laS.S perpendicular to the torso surface. 
2 ANTERIDR HEAD ANGULAR ACCELEROMEIEB 4.5 1s,9 78.s To mount these instrumented torso surface masses, 
3 LATERAL HEAD ACCELEROMETER -I0.2 -10.0 67.5 
4 VERTICAL HEAD ACCELEROMETER -10.2 -1.0 SS.7 extensive torso modifications were required. The existing 5 HEA0 CENTER OF GRAWrV -lo.~ o.o 67.0 
6 LONGITUDINAL HEAD ACCELEROMETER -18.6 0.0 67.5 
7 POSTERIOR HEAD ANGULAR ACCELEROMETER -52.5 15.9 63.0 ARL VIP-3C thoracic and lumbar spine structures and 
8 NECK TRANSDUCER GAGE PLANE 0.0 0,0 0.0 
9 BASE OF NECK 0.0 0.0 -B4.0 the foam torso were discarded. A rigid, two-piece back- 

ALL D~ENS~ONS G~VEN ~N mm bone was fabricated. It was attached at its lower end to 
the pelvic structure and at its upper end to the neck and 

Figure 3. Sensitive element locations for the instruments- shoulder pivots (Figures 1 and 4). The length of the 
tion used in the design 1 head and neck. 

minum block. The center of the accelerometer cluster is 
located at the mass center of the unmodified ARL VIP- 
3C head and neck. Angular acceleration is measured by 
two Endevco linear accelerometers mounted on a hori- 
zontal plane with their sensitive axes vertical. One ac- 
celerometer is forward of the bead’s mass center and the 
other accelerometer is rearward of the head’s mass center. 
The outputs of these two accelerometers are subtracted 
to obtain sagittal plane angular acceleration. Figure 3 
shows the seismic mass locations for each of the five head 
accelerometers. 

A major modification to the base of the VIP-3C head 
was required to accommodate the neck load transducer 
while maintaining the overall height of the head and neck 
assembly. To house the neck transducer, a 76 mm di- 
ameter pocket was cut into the base of the VIP-3C head 
to the depth of the steel insert which was then removed 
and discarded. The deletion of this steel insert not only 
provided physical space for the neck transducer, but also 
tended to compensate for the additional mass of the neck 
transducer. Attachment of the head to the neck was ac- 
complished by clamping the remaining urethane base of 
the head to the top of the neck transducer. The clamp 
was formed by the accelerometer mount adapter and 
screw which are shown in Figure 2. 

The neck transducer used was a four axes load cell 
capable of measuring axial forces, anterior-posterior shear 
forces, and lateral shear forces up to 9000 Newtons and 

Figure 4.. Exploded view of the torso used in both designs 
1 and 2 showing the rigid skeletal structure, com- 

sagittal plane bending moments up to 70 Newton-metres. pliant foam chest structure, spine accelerometers, 
The neck load cell was mounted to the top of the neck instrumented surface masses, and skin coverings. 
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ometers were mounted to each end of the backbone (Fig- 

~ 
RIGHT SURFACE ACCEL SEISMIC 

SS LOCATIONS (LEFT SIDE OPPOSITE ure 4). Seismic mass locations for all the accelerometers 

-7 
mounted in the torso are shown in Figure 5. 

T L_~_~ L___~ L_-__4 The torso was encased in a 1/16 inch thick, oaktanned 

s~,o /~--____~_,ONT SURFACE SEISMIC MASS LOCAT,ONS leather jacket shown in Figure 4. Darts were sewn in the 
i ~ ~-~ ~-’, II !I~ ~s.4 upper chest area for contouring. Brass grommets were 

2_ 

~ ~c ~ _ 
~ 

inserted in the rear to facilitate lacing the jacket with a 

~1 "~NAL ~’~LL~!~iVERTCAL            VERTICAL ~ 

nylon cord. The existing ARL VIP-3C vinyl torso skin 

z3~9 / ~L~rERAL ~ ~TE~AL UD~NA~ ~.0 
with added gussets was used to cover the torso. A 50 mm 

............. / .... UPPER SPINE TR[AXIAL wide hook and loop tape fastener was sewn on the back 
.... ~LOWER SPINE TRIAXIAL ACCELEROMETERS ACCELEROMEI’ERS to replace the zipper. 

The modifications that were made to the torso resulted 
t62.6 

"I in a 35 mm increase in chest circumference; however, 
torso mass remained the same. No changes were made 
to the arms and legs. The complete Design 1 dummy is 
shown in Figure 6. 

NECK 

Component Response 
Documentation 

~.~ 2 [ 
~ l The following response data only document the re- 

23.4 

sponses of the various components of the Design 1 
dummy. They should not be construed as being repre- 

ALL DIMENSIONS GIVEN IN mm 
sentative of a child’s responses. 

Head Drop Test--The impact response characteristics Figure 5. Seismic mass locations of the various torso ac- 
celerometers used in designs 1 and 2. of the head of the Design 1 dummy were documented by 

dropping it onto a rigid steel plate. The impact point was 
the forehead and the drop distance was 376 mm. A typical 

backbone was selected to maintain the torso length of the acceleration response is shown in Figure 7. Note the low 
ARL VIP-3C. Closed cell foam pads were used to fab- frequency resonance which reflects the low stiffness and 
ricate the torso shape. Holes were cut in the foam to damping of the urethane used to mold the head. 
accommodate the instrumented surface masses (Figure Neck Bending Test--Dynamic neck bending tests were 
4). Provisions were made to mount nine such masses; conducted to document the response characteristics of the 
three in mid-sagittal plane of the front surface (upper, Design 1 neck structure in forward flexion and rearward 
mid and lower torso), and three in each side. The instru- extension. The pendulum test fixture specified for meas- 
mented surface masses were made of aluminum and uring neck response characteristics in Part 572 (3) was 
weighed 92 grams each including the accelerometer. 

The primary purpose of the torso foam was to suspend 
the instrumented surface masses. No attempt was made 
to develop a human like force-deflection characteristic for 
the torso because biomechanics data on child torso re- 
sponse characteristics were not available, and the time 
constraints did not allow for such a development program. 
Foam stiffness was not considered critical for the assess- 
ment of the effect of short duration onset impulsive forces 
because the instrumented surface masses will undergo 
only small displacements during the time required for the 
onset impulsive forces to reach their peak values resulting 
in only small amounts of foam compression during this 
time period, This implies that the foam resisting force 
will be quite small compared to the peak onset impulsive 
force. Thus, the peak acceleration of the instrumented 
surface mass should give a good indication of the peak 
onset impulsive force applied to the mass. 

To measure the effects of membrane and rebound forces 
applied to the torso, triaxial clusters of uniaxial acceler- Figure 6. GM design 1 three-year-old child dummy. 
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Figure 9. Fo~ard bending responses of designs 1 and 2 
Figure 7. Typical head acceleration response cuwes for de- head-neck assemblies compared to response en- 

signs 1 and 2 from forehead impacts onto a rigid velope for a three-year-old child. 
steel plate from a drop height of 376 mm. 

used to perform these tests. Typical deceleration pulses 
TIME (ms) /" and velocities are shown in Figure 8. Response charac- 

0 10 20 
0t teristics in forward flexion and rearward extension are 

’~ shown in Figures 9 and 10, respectively. The ordinate of 
these curves is the moment measured with the neck trans- 

~0 ~ 
ducer and the .abscissa is the corresponding angular dis- 

" 5,17 METRES/SEC. placement of the head with respect to the pendulum arm. 
IMPACT VELOCITY 

-zo ~ The damping characteristic of the neck structure was 

~ determined from the head angular rotation-time curves. 
3.74 METRES/SEC, During a bending test, the head-neck system undergoes 

-30 ~ IMPACT VELOCITY 

multiple flexion-extension cycles of progressively decreas- 
ing amplitude. A damping ratio was determined by di- 
viding the difference in peak angles between the first and 

Figure 8. Deceleration pulses and initial velocities used to 
second cycles by the peak angle of the first cycle. These 

measure forward and rearward bending responses damping ratios are shown with their corresponding mo- 

to designs 1 and 2 head-neck assemblies, ment,angle response curves on Figures 9 and 10. 
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assessing changes made to our various passenger inflatable 
8o. 

restraint system concepts. These assessments were made 

l two ways. was a straightforward to in The first A B 
comparison where the object was simply to reduce the 70- 

I magnitudes of the various dummy responses with a given 
t IR design change. The second way was to predict the 

60- I effect that an IR design change would have on an an- 
DESIGN 2 ~" t esthetized animal’s (a child surrogate) response. In order 

(DAMPING RATIO: 0.4) to do this latter type of an assessment, a correlation be- 

50, tween the dummy’s responses and observed animal in- 

~ juries for similar exposure environments had to be 
~ established. Such a correlation study is the subject of a 

~ 40- paper by Mertz and Weber (4) and is beyond the scope 
,- of this paper. 

tu 30" V’---- DESIGN 1 
\ (DAMPING RAT~O:0.a) DESIGN 2 DUMMY 

,~ 
~     ~ ~ 

Design Considerations 
(85,17 (95,17) As noted previously, the objective of the Design 2 

o 
V // F / ~ 

(80,12)~/ dummy development program was to develop a dummy 

)~ //,(60,/~.5)~, 

to eliminate any major deficiencies noted while using the 10. (20,7.5 

~. ~ ~-- 

Design 1 dummy. 

.o’ ~ -/((80 2) Of major concern in using the Design 1 dummy was 
~(0,o)_Y    / (50,0) S_-------------"" ’ 

0 " -F ,~ / "-, "-’--, , the lack of childlike bending response of the dummy’s 

" ’/l~ /J/ 20iHF~/D 

4’0 60 80 160 
I~ / neck. Anesthetized animal tests (5) have shown that se- 

ANGLE RELATIVE TO TORSO fious neck injuries could be produced by an inflating 
.i0.~/ / (DEGREES) cushion, and child dummy tests (4) conducted under sim- 

ilar conditions resulted in high neck loads. However, both 
child surrogates, the anesthetized animals and the Design 

-2o-i- 1 dummy, had neck bending stiffnesses which were 
thought to be greater tha~l that of a child. Further, it was 

Figure 10. Rearward bending responses of designs 1 and hypothesized that a child with lower neck bending re- 
2 head-neck assemblies compared to response sistance would not experience high loads, and conse- 
envelope for a three-year-old child, quently, would not experience serious neck injuries in 

similar exposure environments. To determine the effect 
of neck stiffness on neck loads due to head/cushion in- 

Static Load--Deflection TestmThe torso of the Design teractions, it was proposed to develop a dummy neck 

1 dummy was subjected to a series of static load deflection structure whose bending resistance and range of motion 

tests over the course of the Inflatable Restraint (IR) de- would be more characteristic of a child’s. 
velopment program. A 100 mm wide loading plate was Two other modifications were considered for the De- 

centered over the middle instrumented front surface mass sign 2 dummy. It was suggested that the chest should be 

and a static load was applied sufficient to deflect the torso replaced with a structure that had force-deflection re- 
25 mm. The resulting load-deflection curves for the var- sponse characterisics that simulate a child’s and that a 
ious tests are shown in Figure 11. The curves demonstrate transducer to measure chest deflection should be added. 
a wide range of static stiffnesses that is characteristic of Also, it was suggested that the rigid thoracic/lumbar 

closed foam materials. The results of these tests indicated spine should be replaced by a flexible structure. While 

that the static stiffness tended to increase with repeated these proposed modifications would certainly improve the 

stiffness testing; however, if the material was allowed to biofidelity of the child dummy’s responses, it did not 
"relax" before retesting, the stiffness was close to its orig- appear that such modifications would greatly enhance the 

inal value, ability to interpret the significance of the cushion/torso 
interaction forces. 

After review of these various suggested modifications, 
Use of Design 1 Dummy it was decided only to make the neck bending response 

The Design 1 dummy has been used in hundreds of more childlike in the Design 2 dummy. The following is 
inflatable restraint system development tests by General a list of items which were considered important in order 
Motors and has proven to be a valuable test tool for to improve the biofidelity of the neck bending response. 
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taken to represent a 3-year-old child and are the values 
given in Table 1. 

For a number of the desired child dimensions, no an- 
thropometry data were available. To obtain values for 

these dimensions, the adult anthropometry data listed in 
Table 1 were scaled using the following relationship: 

~ aeo- D child = × D adult 
C child 

C adult 

where 
400. D child -- Desired Child Dimension 

D adult -- Corresponding Adult Dimension 
C child -- Characteristic Length of Child 

o,                                                C adult -- Corresponding Characteristic Length 
5      10      is      20      z5                   of Adult 

DEFLECTION (mm) 

The chin to front of neck dimension listed in the table 
was scaled from a measurement made on a 3-year-old 

Figure 11. Static load-deflection responses for the chest child. The child head weight was calculated by multiply- structure used in designs 1 and 2. 
ing the adult head weight by the cube of the ratio of 
characteristic lengths. This scaling relationship assumes 
that the densities of the adult and child head are equal. 

i) The head geometric characteristics need to be child- The various characteristic lengths used for each cal- 
like. The most important geometric characteristics are culation are given in Table 2. 
the locations of the center of mass and the head/neck 
interface relative to the exterior head surface. These 
dimensions control the magnitude of the moment arm Neck Bending Response 
of the forces applied to the head vchich bend the neck. Requirements 
Also, the head size and shape need to be childlike The adult fore/aft neck bending response envelopes 
since these dimensions influence the magnitude of the described by Mertz et al. (11) were scaled to give the 
cushion/2aead interaction forces. 

ii) The inertial properties of the head need to be childlike 
with the head mass being most important because it 
controls the magnitude of the inertial force which 

I-S 
bends the neck. AXIS 

iii) The neck length needs to be childlike since it influ- 
ences the trajecto~" that the head undergoes relative 
to the torso. 

iv) The dumrny’s neck structure needs to simulate the 
fore/aft bending response of a child’s neck. 

It is apparent from this list that modifications to both D 

the head and neck structures would be required in order P-A C 
AXIS      b/        HEAD          / to achieve a childlike neck bending response.               B 

Head and Neck Geometric and 
Inertial Data                                                    ,/, 

OCCIPITAL 
Table 1 and Figure 12 summarize the head and neck ff CONDYLES 

geometric and inertial data which were considered in the ~_._.-.~--" I 
designs of the head and neck structures. The work of 
Snyder et al. (9) provided most of the child anthropometry 
data. Snyder gives data for various mean dimensions of 

/ 
children in the 2 to 3~ year old age bracket and 3~ to C7/T1 
4~/£ year old age bracket. A linear interpolation was done INTERFACE 

to calculate dimensions that would be representative of 
a 2}~ to 3~ age range. The means of this age range were Figure 12. Definition of key head and neck dimensions. 
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Table 1. Head and neck anthropometric and inertial 
characteristics. 200 

.... ~ .......................... (70,190 (80,1901 

...................... ~: 150. 

...... ~ ....... o 100- ............... 
~ (76 88) 

..................... 

i 

n                                                                                     ~ (35,0) 

neck bending response requirements for the 3-year old 0 20 40 60 80 

child dummy. The adult neck bending response is char- HEAD ANGLE RELATIVE TO TORSO 
acterized by the neck resisting moment taken with respect (DEG R EES) 

to the head/neck interface (occipital condyles) as a func- 
Figure 13. Forward neck bending response envelope for the 

tion of the relative angle between the head and torso 50th percentile adult male. 
(Figures 13 and 14). In order to develop a neck bending 
response for the child, scale factors for the moment and 
angle needed to be determined, flexion. Similar distributions of muscle masses exist in 

Moment Scaling--The constant moment plateaus of the children, but the total cross-sectional areas of their neck 
.............. adult response envelopes were based on the static bending muscles are smaller than those of adults resulting in lower 

strength of the neck in resisting flexion and extension, static neck strength moments. A relationship between the 
These moments represent the levels at which the neck static neck strength moments for children and adults can 
muscles are no longer capable of preventing the head from be obtained by the following analysis. 
moving forwards or backwards in response to a static From static equilibrium considerations, the magnitude 
load applied to the head. Note that the magnitude of the of the static strength moment, M, is equal to the resultant 

........... static strength moment in resisting forward flexion is two of the neck muscle forces, F, multiplied by the effective 
........... times greater than the extension moment. This difference moment arm, D, of this force. 

in magnitude is consistent with the anatomical observa- 
M = F × D (1) tion that the majority of the neck muscle masses are 

located in the back of the neck and resist forward neck 

Table 2. Characteristic lengths used in scaling dimensions. 
(85,88), (95,68} SCALED DIMENS,ON CHARACTERIStiC LENGTH 

801 
HEAD VERTEX TO OCCIPITAL HEAD HEIGHT (B) 
CONDYLES (C) 

HEAD VERTEX TO HEAD C.G. (D) HEAD HEIGHT (B) 

NASlON TO HEAD C.G. (E) HEAD LENGTH (A) 

HEAD C.G. TO OCCIPITAL HEAD LENGTH (A) 
CONDYLES~ A-P (F) I-- 

/ z 20, 
HEAD C.G. TO OCCiPiTAL HEAD HEIGHT ~) 
CONDYLES, S-I (G) O 

//~/(0 

j (80 
NECK LENGTH (I) NECK CIRCUMFERENCE 

0 
HEAD WEIGHT HEAD CIRCUWIFERENCE 0 20 40 80 80 100 

NECK WEIGHT NECK CIRCUMFERENCE HEAD ANGLE RELATIVE TO TORSO 
(DEGREES) 

NOTE: 

GIvENLETTERSoNINFIGuREBRACKETS12. CORRESPOND TO DIMENSIONS Figure 14. Rearward neck bending response envelope for 
the 50th percentile adult male. 
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The resultant neck muscle force is equal t3 the average Head Modifications 
stress level, S, in the muscles when the h~,,ad begins to 

move multiplied by the cross-sectional area, A, of the 
The Design 1 head characteristics are compared to 

those chosen to represent a 3-year-old child in Table 1. 
muscles resisting the motion. 

Generally, the comparisons indicate that the Design 1 

F = S × A (2) head is smaller than the 3-year-old child. Major differ- 
ences occur between the weights of the heads and between 

Combining this equation with Equation !11) gives, 
the locations of the head/neck interfaces relative to the 

M ---- S X A × D (3) head mass centers. 

If we assume that the average stress level at which the 
Since making a new head mold to the exact dimensions 

head begins to move in response to a statically applied 
of the 3-year-old child given in Table 1 was not practical, 

head load is the same for the adult as it is for the child, 
the possibility of fabricating a new head mold to the size 

then the magnitudes of a child’s static stren gth moments 
and shape of the ARL VIP-3C skin mold was investigated. 

for flexion and extension can be calculated from the for- 
When ARL indicated that such a mold could be easily 
and quickly fabricated, the decision was made to fabricate 

mula, 
the Design 2 head to the ARL VIP-3C exterior head 

(A × D)child dimensions. 
M child =              × M adult    (4) 

(A X D) adult Figure 15 shows an exploded view of the Design 2 head 

and neck. With this design, an aluminum structure 
The characteristic dimensions used to calculate the embedded in a compliant urethane head casting is used 

static strength moments for flexion and e~:tension for a 
to attach the head to the neck structure and locate the 

3-year-old child are given in Table 2. The ordinate of the head so that the head/neck interface is positioned con- 
adult neck bending response envelope was scaled by the sistent with child anthropometry. This structure also 
ratio, served as the mounting platform for the various head 

M child accelerometers. The desired head mass and its location 
(5) 

M adult 

Angle Scah’ng--Table 3 summarizes the range of mo- 

tion data which was considered for scaling the abscissa 

of the adult neck bending envelope to the child. Shown 

in the table are measurements taken on a 27-month-old 

female and a 7-year-old male, as well as data for adults 

(12, 13, 14). The range of motion for the 27-month-old 

female was slightly less than that of the 7-year-old male 

whose range was quite comparable to the various adult 

ranges. Based on these data, it was decided that no scaling 

of the adult head to torso angulation was required. 

Child Neck Bending Response Corridors--The resulting 

3-year-old neck bending response envelopes for flexion 

and extension are shown in Figures 9 and 10, respectively. 

The moment coordinates of the envelopes were obtained 

by applying Equation (5) to the corresponding adult mo- 

ment coordinates. The angle coordinates ’were taken as 

their corresponding adult angle coordinates. 

Note that this technique can be used to obtain neck 

bending response envelopes for any size person. 

Table 3. Range of motion data for the head due to forward 
and rearward neck bending. 

REFERENCED ,~DULT MALE 
RANGES OF MOTION * DEG. 

B .o.~ Figure 15. Exploded view of the instrumented design 2 head 

RE~R~,,~R~ ~0 ~0 ~0 ~ ~ and neck which features modifications to 
~,ENO NG geometry, mass and neck bending response. 

296 



SECTION 5: TECHNICAL SESSIONS 

were obtained by using ballast. A 2 mm diameter hole 
was drilled in each side of the head to identify the mass ANTERIOR -~ ~ POSTERIOR 

center location. 
Head instrumentation was the same as Design 1, and NECK 

consisted of an orthogonal cluster of three uniaxial ac- 
~I- i ~"--~ GAGE Pt~NE celerometers located at the head’s center of gravity and ~,,, ,,, ,~________~ 

two uniaxial accelerometers mounted with their sensitive 
END PLATE---.~[ 

axes parallel to measure sagittal plane angular accel- 
eration. Figure 16 shows the locations of these {F-~CHSECTION)~ 
accelerometers, e~- ~ -----------5"~G~b~R 

The various geometric and inertial characteristics of HOLE 

[! """~,,~,~ RIGID the Design 2 head are compared to those of the 3-year- (EACH SECTION) 
~.. 

old child in Table 1. Note the excellent agreement that ~’ ~ VERTEBRALELEMENT 
was obtained for the head weight and the location of the 
head/neck interface (occipital condyles) relative to the 

JAM NUT3~ 
head’s center of mass. 

Neck Modifications Figure 17. Schematic of the design 2 neck structure. 

Inspection of both the flexion and extension moment- 
angle response envelopes (Figures 9 and 10) indicates that 
the desired neck stiffness should be low up to a threshold 
angle at which stiffness becomes relatively high. This 

To achieve these desired characteristics, the concept 
desired response can be thought of as a low resistance 

shown schematically in Figure 17 was used in Design 2. 
neck which suddenly bottoms out after a specified range 

This concept is based on the technique used in the de- 
of motion. Further inspection reveals that neck extension 

velopment of the Hybrid III neck structure (15). Key 
stiffness, prior to bottoming out, should be lower than 

components of the design are the bonded butyl rubber 
the corresponding flexion-stiffness. Thus a nonlinear rate 

..... neck with different flexion and extension responses is elements, vertebral discs, steel cable, and aluminum end 

required, 
plates. 

Neck stiffness, prior to bottoming, is controlled by the 
design of the rubber sections. Each rubber element is cut 
from the front surface to the hole shown in Figure !7. 
Thus, only compression forces can be transmitted by the 

z front portions of the rubber elements. When the neck is 

flexed forward, the total cross section of the rubber ele- 
ments resists the bending action. However, when the neck 
is flexed rearward, only part of the cross section of the 
rubber elements resists the bending since the front portion 
cannot transmit tensile forces. 

For both flexion and extension modes, the neck tends 
to bottom out at deflection angles which are designed 
into the physical geometry. This bottoming characteristic 
occurs when the rubber covered vertebral elements con- 
tact each other and significantly increase the neck’s re- 
sistance to further deflection. A steel cable is contained 
within the neck at its axial centerline to help carry the 

REF. PT. DESCRIPTION X Y z additional tension loads which result when the neck bet- 

1 TOP OF HEAD o.o o.o 12u toms out. 
2 SUPERIOR HEAD ANGULAR ACCELEROMETER 23.1 21.3 60,4 
3 HEAD CENTER OF GRAVITY 16.0 0.0 38.0 Neck length and diameter were chosen to better ap- 
4 LATERAL HEAD ACCELEROMETER 16.0 -7.4 38.0 5 VERTICAL HEAD ACCELEROMETER 16.0 0.0 36.0 proximate human geometry. In the dummy, neck length 
6 LONGITUDINAL HEAD ACCELEROMETER 20.1 0.0 38.1 
7 INFERIOR HEAD ANGULAR ACCELEROMETER 23.1 1,9.4 30.9 is defined as the dimension from the gage plane of the 
8 NECK TRANSDUCER GAGE PLANE 0.0 0.0 0.0 
9 BASE OF NECK 0.0 0.0 -~.0 neck transducer (representing the occipital condyles) to 

the base of the neck. 
ALL DIMENSIONS GIVEN IN mm 

Threaded aluminum endplates provide convenient at- 
Figure 16. Sensitive element locations for the instrumen- tachment of the neck to the head and torso. A neck 

tation used in the design 2 head and neck. mounting bracket was designed to interface the neck with 
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the torso and provide the desired standing height for the SUMMARY 
dummy, 

Neck load measurements are made with the same in- A description of the 3-year-old child dummy (Design 

strumentation used in Design 1. However, the trans- 1) that was used extensively by General Motors Corpo- 

ducer’s location relative to the mass center of the head ration in its second generation, passenger system inflatable 

and base of the neck is significantly different. Figures 3 restraint development program is given. The dummy used 

and 16 provide a comparison of the geome|ric differences was a modified version of the ARL VIP-3C dummy and 

between the head/neck structures of Design 1 and 2. An was instrumented to measure loads and accelerations that 

inspection of Table 1 clearly demonstrate,~ that the geo- were thought to be associated with injuries observed or 

metric and inertial characteristics of the head and neck inferred from previous animal test programs of passenger 

structure of Design 2 are closer to those of the 3-year- inflatable restraint systems. These measurements were 

old child than were those of Design 1. triaxial accelerations of the center of gravity of the head 
and the upper and lower ends of the one piece, rigid 
backbone; the angular acceleration of the head about a 

Component Response lateral axis; fore and aft linear accelerations at three mid- 
sagittal points located on the upper, mid and lower front 
surface of the torso; and mid-sagittal plane neck loads 

Head Drop Test--The head drop test conducted to consisting of the fore-aft shear force, axial force and bend- 
document the forehead impact response of Design 1 head ing moment measured at the head-neck interface. No 
was repeated using the Design 2 head. A typical accel- attempt was made to improve the biofidelity of the child 
eration response curve is shown in Figure 7. Note the dummy’s response characteristics since such a develop- 
unimodat response curve and the absence of the undesir, ment program would not have been compatible with the 
able resonance noted for the response of Design 1. By time constraint of the passenger inflatable restraint de- 
mounting the accelerometers to the rigid, aluminum velopment program. 
structure in the head, the undesirable resonance was elim- While the Design 1 dummy provided good insights into 
inated. While a desirable unimodal response was achieved, the significance of the cushion/dummy interaction forces, 
there is no assurance that the resulting acceleration level concern was expressed that the lack of biofidelity of the 
is typical of child’s response. No child acceleration re- neck’s bending response might lead to misinterpretation 
sponse data are available to make such a comparison, of the test results. Anesthetized animal tests that were 

Neck Bending Test--Dynamic neck bending tests were being conducted to assess the significance of the child 
conducted to compare the response characteristics to the dummy measurements had shown that serious neck in- 
child neck bending response envelopes. "]?he pendulum juries could be produced for some combinations of hard- 
test fixture used in documenting the Design 1 neck re- ware and test conditions. Child dummy tests conducted 
sponse was used to produce for;yard flexion and rearward under similar exposure conditions had resulted in high 
extension of the head/neck structure of Design 2. The neck loads. However, both child surrogates had neck 
rubber neck elements were tuned to give the desired neck bending stiffnesses which were thought to be greater than 
response. Figures 9 and I0 show the neck .~esponse char- that of a child. It was hypothesized that a child with 
acteristics of Design 2 relative to the child neck bending lower neck bending resistance wouldnot experience high 
performance envelopes for flexion and extension, respec- neck loads in a similar exposure environment and con- 
tively. Also shown are the responses of the Design 1 head/ sequently would not experience severe neck injury. 
neck st~cture. Clearly, Design 2 responses more closely To determine the effect of neck stiffness on neck loads 
approximate the desired response envelopes, due to head/cushion inteaction, a program was initiated 

to develop a dummy neck structure with childlike bending 
resistance and range of motion. Neck bending response 

Use of Design 2 Dummy guidelines were developed to characterize the fore and aft 

No inflatable restraint system development tests were bending responses of a child’s neck. These characteristics 

conducted with the Design 2 dummy. Prior to completing were inferred from those specified for an adult’s neck by 

the Phase 2 development program, the dew~lopment work using geometric scaling factors. A description of the mod- 

on the GM inflatable restraint was terminated. However, ified neck structure that was developed to meet these 

the Design 2 dummy was subjected to a limited test series response guidelines is given. Since the geometric and in- 

using inflatable restraint hardware and dummy positions ertial properties of the head influence how the neck is 

which had produced a range of neck injuries in anesthe- loaded, a new head structure was developed and is de- 

tized animals. In addition, Design 1 neck response data scribed. The new head-neck structures were mounted to 

were available for each test condition selected. The results the torso of the Design 1 dummy and the resulting child 

of these tests are discussed in the paper by Mertz and dummy configuration was called Design 2. Prior to using 

Weber (4). the Design 2 dummy to evaluate the performance of pas- 

298 



SECTION 5: TECHNICAL SESSIONS 

senger system inflatable restraint concepts, the GM In- 6. Hubbard, R. P. and McLeod, D. G., "Definition and 
flatable Restraint Development Program was terminated. Development of a Crash Dummy Head", Eighteenth 

The improvements made to the head-neck structures Stapp Car Crash Conference, SAE 741193, 1974. 
........ of the Design 2 dummy should be useful for evaluating 7. "Anthropomorphic Test Dummy", Final Report No. 
............... belt restraint performance. However, additional modifi- DOT-HS-299-3-569, December, 1973. 

cations of the thorax, backbone, abdomen and shoulder 8. Diffrient, N., Tilley, A. R., Bardagjy, J. C., Human 
areas would be desirable if the dummy is to be used for Scale 1/2/3, The MIT Press, 1974. 
that type of testing. 9. Snyder, R. G., Schneider, L. W., Owings, C. L., Rey- 

nolds, H. M., Golomb, D. H., and Schork, M. A., 
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............ G.W., and Weber, D. A., "Responses of Animals of Physical Medicine and Rehabilitation, VoL 40, 
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Collision Severities and Animal Positions", 9th In- "Hybrid III--A Biomechanically-Based Crash Test 
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Lateral Dummy Comparison Testing 

K.-P. GLAESER In full scale side impact tests under the same test con- 
Federal Highway Research Institute ditions the overall dummy behavior, repeatability, han~ 

Federal Republic of Germany dling and durability of the different dummies were studied 
and compared. 

In the research project "Lateral Dummy Comparison 
ABSTRACT Testing" the following tests were carried out: 

The Federal Highway Research Institute (BASt) was 12 impact tests by means of a rigid moving barrier 
engaged in comparison tests of the side impact dummies (1100 kg) against a VW Golf at an impact angle of 
designed by: 90° with a collision speed of 45krn/h. 

Variations:--4 dummy types (APR, HSRI --Highway Safety Research Institute/Department of 
Transportation (HSRI(DOT)) (DOT), ONSER, MIP,~&) 

--Motor Industry Research Association (MIRA) --3 repetitions per test. 

--Organisme National de S6curit6 Routi~re (ONSER) The loads and kinematics of the different dummies were 
--_Association Peugeot/Renault (APR), compared. 
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between the front and rear axles. To evaluate the intru- 

sion, the positions of 12 target points on the left side of 

The side impact of passenger cars is the second most the impacted car were measured relative to a reference 

frequent collision type besides the frontal impact. Because plane before and after test. The dummy was belted with 

of the low stiffness of the car side structt~re there is a an automatic 3-point belt, the arms were positioned 

high risk of a car occupant being severely injured. Side forward in driving position, the hands were on the steering 

impact dummies, developed by different iastitutions in wheel in 1/4 to 3 o’clock position (exception: HSRI-tests, 

recent years represent a basic means of evaluating the side the HSRI-dummy has no arms). The distances between 

impact protection performance of cars. Within the flame the dummies (shoulder and pelvis) and interior parts were 

of the "EEC Research Program on Biomechanics of Im- held constant. The integrated head rests were adjusted at 

pacts with Relation to Future Vehicle Safety Regulations" their maximum height and their most frontward incli- 

in Phase 4 the following institutes took part in comparing nation. 

4 different dummy prototypes described in detail later: The impact tests were filmed by 4 high-speed cameras. 

Two cameras were attached to the test car to film the 
--Motor Industry Research Association (MIRA) motion of the dummy, two further stationary cameras 
--Instituut voor Wegtransportmiddelen (TNO) (Co- were used. 

ordination and final summary report) The car was equipped with two switches to flash a 
--Organisme National de S~cufit~ RoutiSre (ONSER) spotlight. One at the moment of impact and one at the 
--Association Peugeot/Renault (APR) moment of shoulder/door contact. 
--Federal Highway Research Institute (BASt) 

Instrumentation and Measuring Data in 
TEST METHOD General 

The side impact tests carried out with the moving rigid The test car acceleration was measured 3-axial on the 

barrier against a stationary car at an impact angle of 90° top of the transmission tunnel and the acceleration of the 

largely insure realistic and reproducible conditions of a rigid barrier was measured in longitudinal direction. The 

standard side impact test. seat belt forces were measured at four places, two on 

The parameters used for the impact test within this the lap belt, two on the shoulder belt. The analog meas- 

projects were partly different from the EE¥C WG6-pro- uring data were digitized according to the principle of 

~sal [1]: 
pulse code modulation (PCM) and recorded by a PCM- 

tape recorder. In general the filtering of the analog meas- 
--The chosen test velocity of 45 km/[~ lies ~ 10% uring data was carded out by active analog lowpass filters, 

under the 50 km/~ proposed by the EEVC. which correspond to SAE Recommended Practice J 21 lb. 
--The moving barrier was equipped with a rigid face 

according to SAE J 972 a, the EEVC proposed de- 
DUMMY DESIGN,~INSTRUMENTATION 

formable elements. AND DATA PROCESSING OF THE 
~The mass of the moving barrier was fixed at 1100 DIFFERENT DUMMIES 

kg, the EEVC proposes a mass of 950 kg. 

--The impact angle of 90° into stationary test car is The HSRI-dummy and its design was presented several 
also proposed by the EEVC. times [2,3]. The thorax consists of 5 ribs with ballast 

The test dummies thus had to sustain a largely realistic plates (to compensate the arm weight), which can rotate 

side impact test procedure and had to show their behav- together around the thoracic spine and which were sup- 

iour. Three tests with each of the four dummies were ported from the impacted rib side to the spine by a shock 

carried out to compare the repeatability of the dummies, absorber. The tested dummy was equipped with a Taylor- 

Because of measuring problems, which are described later, shock absorber, filled with silicon oil. (In later tests of 

one test with the HSRI (DOT)-dummy and one test with the other mentioned institutes a new version of shock 

the APR-dummy were carried out additionally, absorber was used.) Between the ribs and the armless 

jacket there were foam pieces. 
Figure 1 shows the HSRI-dummy. 

Test Configuration Head, chest and pelvis of the dummy were equipped 

The car type was a Volkswagen Golf with two doors, with 3-axial accelerometers. A linear potentiometer was 

The test cars weighed 840 - I0 kg. The impact velocity mounted parallel to the shock absorber to measure the 

of the barrier was settled to 45 (+ 1) kin/h, the corre- chest deflection. Two rib accelerometers were mounted, 

sponding AV values for the test car were calculated from one on the right and one on the left upper rib in lateral 

ab,3ut 23 to 28 kmih. direction. 

The case car was hit on the left side in the middle According to the computer programs from NHTSA, 
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COMPARISON OF LOADS AND 
KINEMATICS 

The impact speed of 45 km/h was achieved with de, 
viations of - 1 km/h. The maximum intrusion of the 
test car occurred on the car’s waist line. At the dummy 
thorax level an intrusion of 300 --- 30 mm was measured. 
The AV-value for the B-post was calculated between 9 
m/s and 11 m/s. This means a severe impact for the test 
car and for the tested dummies. 

The comparison of the dummy test results was made 
under the aspect of dummy loads, kinematics, repeata- 
bility aspects particularly, durability and handling of the 
dummies. Table 2 shows the dummy loads in comparable 
form. The most interesting data of the dummy loads are 
also shown in Figure 5. The following data analysis was 
made using the mean values of each test seres, 

The head acceleration traces of the different dummies 
showed a different shape. The resultant accelerations 
ranged from 48 g for the MIRA-dummy to 98 g for the 
APR-dummy. The ONSER- and APR-dummy had be- 
sides the lateral component also a high acceleration com- 
p~nent in vertical direction (> 60 g). The HIC was 
calculated between 115 (MIRA) and 835 (APR). The 

Figure 3. ONSER-dummy. 

celeration of head, chest and pelvis was measured 3-axial 
at the provided locations. 

The pelvis and lower extremities of the APR-dummy 
were taken from a Hybrid II-dummy, the head originates 
from the Hybrid III-dummy, the neck was an on top and 
on bottom with a ball joint modified Hybrid III neck 
version [8]. Thorax and upper extremities were designed 
by Peugeot/Renault and the used abdomen was developed 
by TNO [9]. The upper 3 and the lower 3 of the 6 ribs 
were connected on the impacted and nonimpacted side 
by a rubber spring loaded piston with the thoracic spine. 
The pistons on the impacted side are equipped with an 
optoelectronical deflection transducer. Figure 4 shows the 
APR,thorax and the inside of the TNO-abdomen. 

The dummy was equipped with 3-axial accelerometers 
at the provided locations of the center of gravity of head, 
chest and pelvis~ On the left and right upper rib an uniaxial 
accelerometer was mounted in lateral direction. The data 
processing was the same as for the HSRI-dummy, de- 
scribed above. 

The TNO,abdomen was installed as described in [10] 
and the contact switch unit was adjusted to 4500 N, which 
means the critical penetration respectively force limit, 

Table 1 shows the summarized measuring data of the 
different dummies in tabular form. Figure 4, APR-thorax and TNO-abdomen. 
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rib, (see Figure 2). These signals were recorded on both 

impacted and nonimpacted sides during tests. The re- 

sultant rib force on each rib was calculated by adding the 

mean values from the impacted and nonimpacted side. A 

deflection potentiometer was mounted on the 4th rib. 

The pelvis was instrumented with a 3-axial load cell 

between the ilium and the spine, an uniaxial strain gauged 

force transduce at the acetabulum and one uniaxial strain 

gauged plate mounted across the pubic symphysis. 

The accelerations of head, chest and pelvis were meas- 

ured 3-axial. 

The construction of the ONSER-dummy was different 

from the Hybrid II-dummy [7]. The thorax was developed 

for side impact testing by selecting a foam plastic for the 

thorax moulding to give a realistic load-deflection char- 

acteristic. The deflection of the thorax foam plastic was 

measured between the jacket and the thorax spine by 

means of a soft gear rack and a potentiometer, which is 

shown in Figure 3. 

The shoulder consists of two spring supported pistons 

on each side which allow a shoulder instrusion and ro- 

tation. 

Besides the above mentioned thorax deflection the ac- 

Figure 1. HSRI-dummy. 

describing the data reduction procedures, the following 

data processing was carried out for the rib accelerometer 

signals: 

--Data recording with a sampling r~.te of 8000 Hz 

-Analog to digital conversion following the specifi- 

cation of channel class 1000 (SAE J 211b) 

Digital filtering of the data to class 180 

-Subsampling data to a 1600 Hz sampling rate (re- 

duction with factor 5) 

-Digitat filtering with Finit Impulse Response (FIR)- 

filter, passband frequency = 100 Hz for the rib ac- 

celerometer signals 

--Calculation of injury predictor equations (B-factor 

of the left upper rib signal (BLUR)) and calculation 

of AIS and number of rib fractures (NRF) [4, 5] (see 

footnote in Table 1). 

The head and neck, arms and lower leg assemblies of 

the MIRA-a’ummy are used from the st~,ndard Hybrid II- 

dummy, the thorax and shoulder, abdomen and pelvis 

were newsy designed by MIR~A. The dummy assembly 

was mounted as described in [6], (see Figure 2). 

The thorax has six pairs of fibs, connected to the tho- 

racic spine via 12 strain gauged plates which record the 

tensile and bending loads at the spine on each individual Figure 2. Thorax of the MIRA-dummy. 
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DUMMY LOADS 
i// HSRt 

~i iti ] * 
rameters a BLUR of 7,4 for the HSRI- and of 7,7 for the 

~ ~ M~RA f!f¢o APR-dummy was calculated, which means an AIS of 4,35 

~STANDARD/MEAN VALUES ANDS(//) AP~ONSER 
t~::t:~ ’~ ~::~:~1~:::::::::~]~ respectively 4,75 and a NRF of 15 respectively 18. The 

............. LDEVIATIONS 
/Z /~ ~m~’ 

~’0 ~’0 ~’0 ...... ~.[~] resultant fib forces of the MI~-dummy had a mean 
~ ~::~1~:~::~ value of 6,8 kN. The fib forces for single fibs showed 

-J = ¯ ve~ well the load distribution over the thorax, but with 
’ ~ o 800 ’ .~[_] a pa~ly poor repeatability. 

.,- ~ ~ The inte~retation of the chest deflection had to be 
~ ~ ~t~ ~1 ¯ made ve~ carefully because of the low number of suc- 

~::~::~* ~ .... ~ cessful measurements. The maximum internal chest de- 
............. ~~ 4b ’ ~o ¯ ’ ~"~ ..... ;t.~] flections varied from ~ 43-73 mm for the different 

~ . dummies. Film analyses of the exte~al chest deflections 

~ [~ ~ were also not successful and are therefore not mentioned. 

~.’ ~o ’ ’ ~oo ’ ~ ~0 ~ S~’t-] The thorax kinematics for the HSRI-dummy and the 
[~. ~ ¯ APR-dummy were similar. The bending angle of the 

" - I* 
thorax in door direction relative to the ve~ical plane 

......... ~’ ~b ’ -’ sb ’ ’ ~’o ~.[~; vaned for the HSRI-d~my 20 to 25" and for the APR- 
dummy between 15 and 20*. Both other dummies only 

,~ ~u~ zz, reached 5-10.. 
~’ ~’0 ’ ~5o - ~ao ~’~. ~;~] The pelvis accelerations of the MI~-dummy with 

~ ~ ~ ..... ;bF~ 107 g were the lowest, the ONSER-dummy had a re- 
....... ~--- sultant pelvis acceleration of 143 g and the dummies 

.............. ~ o~e t~ ~ ~ ~" ~1:I * equipped with a Hybrid II pelvis (APR and HSRI) had 
¯ t~o ,~,~ ~ ~ ~~. similar values of about 165 g. The variations of the pelvis 
. ,h,~,~ ~,~’ ,b ~6o ’ ’ ~o ..... ~1 accelerations were very low (5-10%). The force meas- 
~ foo~ ,~,~ ~,1~. , , . , , ,~k~] urements on the MIRA-dummy pelvis considering two 

~ ~ ~ ~ ~, .... 
transducer defects were successful and the repeatability 

...... with a coe~ciem of variation of less than 14% was suf- 
Figure 5. Dummy loads, ficient. 

coefficients of variation for the resultant accelerations for COMPARISON OF DUMMY HANDLING AND 
all dummies were lower than 10%, except for the ON- DURABILITY 
SER-dummy 17%. The variations for the HIC were much 

....... higher, for the MIRA- and ONSER-dummy about 20%, A comparison of the different dummy handling can 
..... for the HSRI-dummy 11% and for the APR-dummy only be made in comparison with the conventiona! Hybrid 

16%. II-dummy. The ONSER-dummy and the APR-dummy 
The head bending of the different dummies in side were as easy to handle as the Hybrid II dummy, the 

window direction were similar for the ONSER- and HSRI- dummy had problems with the air-venting of the 
MIRA-dummy and similar for the APR-and HSRI- shock absorber and the MIRA-dummy with the magni- 
dummy. No head impact against the side window oc- tude of data channels. The magnitude of data channels 
curred. Only the HSRI-dummy reached the side window must be also considered under the aspect that proposals 
level but the window was destroyed before that. The exist to use more than one dummy in a side impact test. 
maximum head bending angles due to the vertical plane All the deflection transducers mounted by ourself or 
for the ONSER- and MIRA-dummy were 55-70* for the mounted by the dummy manufacturer were not sufficient 
APR- and HSRI-dummy 80-105°. during short impacts. 

The thorax responses of the different dummies also Except the HSRI-dummy all dummies had problems 
differed greatly. The resultant acceleration, mainly caused in respect to durability. The dummies with rib construc- 
by the lateral component, was measured between 44 g for tions had no damages to the ribs but the APR-dummy 
the HSRI- and 157 g for the APR-dummy, meaning a had problems with the easy outward motion of the rib 
SI between 263 respectively 1758. For the MIRA- and supporting pistons and the ONSER- and MIRA-dummy 
ONSER-dummy a SI of about 1000 was calculated, with the shoulder construction. The neck of the APR- 

The coefficient of variation for the SI was, with about dummy at the level of the lower ball joint failed several 
30% for all dummies, very high. The acceleration of the times, because the rubber pieces left their original posi- 
left upper rib was measured for the HSRI-dummy to 142 tion. These damages must be seen also under the aspect 
g and for the APR-dummy to 183 g. Because of the low of a possibly higher test speed in a standardized side 
sensitivity of the BLUR and of the injury predicting pa- impact test. 
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DISCUSSION OF RESULTS AND head and thorax bending (HSRI(DOT),APR), second: 

CONCLUSIONS dummies with a lower head and thorax bending (ON- 

The aim of this study was to compare 4 different dum- SER, MIRA). A conclusion due to the realism of the 

mies under the same test conditions in a full scale side kinematic behaviour can not be drawn, because no ca- 

impact test. daver data under the same test conditions exist. 

The test input parameters for the dummies: velocity of From the described dummy handling and -durability 

the rigid moving barrier, door intrusion etc., showed a problems the following suggestions for dummy improve- 

good reproducibility but the dummy respo:ase of the dif- ment can be made. Because of several defects of the chest 

ferent dummies varied much. In this project the differ- deflection transducers, these shouldbepart of the dummy, 

ences in dummy response were discussed, the repeatability should sustain impacts of short duration and record the 

of dummy response of the same dummy ir~ several iden- chest deflection without vibration and interruption. This 

tical tests was analyzed and dummy handling and du- represents a suggestion applying to all dummies. For each 

rability studied, dummy special improvements should be attempted: 

On all dummies different techniques to measure the wHSRI (DOT)-dummy: 

violence of impacts were used. For the thorax three dif- --mounting and air-venting of the "Taylor" shock 

ferent measuring methods are in use: absorber 

--chest deflection (internal, external) ---MIRA-dummy: 

--rib force --reinforcement of the shoulder construction 

--rib acceleration, calculation of BLUR, AIS, NRF. --adding and averaging the A and B rib strain guage 

In addition, a problem that still needs tc be discussed signals on each rib side by hardwarde, meaning 

and settled is the comparison between identical measuring a reduction of rib force channels to the half of 

methods and their application on different dummies their 

which originally had been developed for orJy one special 
---ONSER-dummy: 

measuring method. 
---easy motion possibility of the shoulder pistons also 

Due to the comparable dummy loads it can be stated 
during short (oblique) impacts 

that the head response is completely different for the 
--APR-dummy: 

different dummies, as well accelerations and HIC. These 
--easy motion possibility of the chest deflection pis- 

tons also during short (oblique) impacts 
differences can partly be explained by an additional z- 

--construction of the neck at the lower ball joint 
component in the head acceleration normally occurring 

level. 
in lateral direction (ONSER, APR). The variation of head In the critical examination the main emphasis should 
accelerations in single test series is lower than the vari- 

be placed on the aspect of biofidelity of the dummies. 
ation of HIC. The head/neck-kinematics are influenced 

This was not a task of this project. An overall assessment 
by the thorax behaviour, 

of dummy behavior, especially under the aspect of biof- 
In the thorax response the HSRI-dummy shows much 

idelity, will be made under inclusion of the results of the 
lower accelerations (and SI) than all other dummies. The other contracting institutes. This will be done by TNO 
SI varies much for all dummies. The accelerations of the till the end of this year. 
upper ribs, measured only on two dummies (HSRI and 
APR), are sufficiently reproducible signals and give there- REFERENCES 
fore (and because of the low sensitivity) a low variation 
of the corresponding injury predicting pa~:ameters. The 
rib force measurement (MIRA-dummy) sl~ows the force 1. EEVC: Working Group "Structures", Improved Side 

concentration onto single ribs quite well, bat partly with Impact Protection in Europe, 9th ESV-Conference 

a poor reproducibility. Because of several transducer de, ~    1982. 
fects not much can be said about the reproducibility of 2. Melvin, J. W., et al.: Experimental Application of Ad- 

the chest deflection. Different thorax accelerations and vanced Thoracic Instrumentation Techniques to An- 

single different chest deflection values of the different thropomorphic Test Devices, 7th ESV-Conference 
dummies lead to the assumption of differer~t thorax stiff- 1979. 

nesses. 3. Robbins, D. H. et al.: Assembly Procedures for HSRI- 
The pelvis response shows the highest reproducibility Side Impact Dummy Thorax, NHTSA DOT-HS-4- 

and the dummies with the Hybrid II-pelvis show similar 00321, 1980. 
acceleration values, the others (ONSER-, MIRA-dummy) 4. Eppinger, R. H. et al.: Development of a Promising 
have lower values. The pelvis force measurement of Universal Thoracic Trauma Prediction Methodology, 

the MIILa,.dummy was sufficient and sufficiently repro- 22nd Stapp Car Crash Conference 1978. 
ducible. 5. Robbins, D. H., Lehmann, R. J.: Prediction of Tho- 

Due to the kinematics of the dummies:, they can be ratio Injuries as a Function of Occupant Kinematics, 
separated into two groups, first: dummies with a great 7th ESV Conference, 1979. 
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6. MIRA Side Impact Dummy--Brief Specification for 8. Fayon, et al.: Development and Performance of the 

EEC Biomechanic Programme, Phase IV, MIRA APR-Dummy (APROD), 8th ESV-Conference~ 1980. 

1982, 9. Maltha, J., Stalnaker, R. L.: Development of a Dummy 
.......... 7. Cotte, J. P.: The ONSER 50 Dummy--A Research Abdomen Capable of Injury Detection in Side Impacts, 

Tool for Safety, 8th ESV-Conference, 1980. 25th Stapp Car Crash Conference, 1981. 

Side Impact: A Comparison Between HSRI-, APROD-, and HYBRID Ii 
Dummies and Cadavers 

G. KLAUS e.V. (Industrial Research Associations Working Group, 

Volkswagenwerk AG, Wolfsburg, Chairman abbreviated "AIF"). The Institute for Forensic Medicine, 

of FAT Working Group 5, "Biomechanics" University of Heidelberg, Professor Georg Schmidt, is the 

D. KALLIERIS 
Contractor. 

The objective of the project is to measure accelerations 
............ Institute for Forensic Medicine, University and forces on various dummies and cadavers by means 

of Heidelberg of experimental simulation of a 90° vehicle-to-vehicle side 
impact, and to determine kinematics. Cadaver injuries are 

ABSTRACT to be analysed and correlated to mechanical loadings. The 

The effectiveness of vehicle engineering measures to 
tests have been initiated with the goal of being able to 

........... increase passive safety will be examined by means of develop a statement regarding the suitability of the dum- 

experimental simulation utilizing dummies. Suitable dum- 
mies for experimental simulation through comparison of 
the loadings and kinematics of the dummies examined 

mies, which can be used to simulate loadings on vehicle 
with those of cadavers. 

occupants during real accidents, must be available in or- The Committee of Common Market Automobile Con- 
der to be able to transform these results into real world structors (CCMC) has expressed its willingness to make 
accident scenarios, 

available the Deformation Element of the Deformable 
Within its Working Group 5 "Biomechanics", the Ger- 

Barrier that it developed for the simulation of 90° side 
man Research Association for Automobile Technology 

impacts. The deformation behavior of the front structure 
(Forschungsvereinigung Automobiltechnik e.V., abbre- 

of the striking vehicle, which corresponds to a mid-size 
viated "FAT"), an association of German automobile European vehicle, will be simulated during a side impact 
manufacturers (Verband der Automobilindustrie e.V., ab- at 50 km/h with this element. 
breviated "VDA") has set for itself the task to determine The report describes the status of the project. Initial 
whether the HSRI dummy or the APROD dummy, which 

results are given. 
were newly developed especially for the side impact, will 
best correlate with the cadavers behavior. This is a further STATEM ENT OF WORK 
step within the extensive field ofbiomechanics to evaluate 
the relationships between protection criteria and occupant The contractor shall complete the following tests: 

protection during a side impact. Along with the HSRI- --Cadaver Tests : 15 
and APROD dummies, the Hybrid II dummy was also --HSRI Dummy Tests : 5 
examined since this dummy has been employed for some --APROD Dummy Tests : 5 
time in experimental simulation of side impacts. --Hybrid II Dummy Tests: 5 

This report describes, and presents the initial results 
of, "FAT" activities in the indicated research project. Kinematics and loading of dummies and cadavers are 

INTRODUCTION to be cross-compared and assessed. Additionally, cadaver 
injuries are to be determined according to AIS. The rer 

The work by the Forschungsvereinigung Automobil- 
producibility of the tests under the same test parameters 

technik e.V., FAT, in the field of biomechanics, that is 
is to be examined. 

described in this report, is part of the FAT Research 
Project "Loading Limits and Injury Mechanics of Vehicle TESTS AND TEST PARAMETERS 

Occupants Wearing Seatbelts During Side Impact Col- Striking and Struck Vehicles 
lisions", a successor project to that of the same name for 
frontal impacts. Experimental simulation of a 90° vehicle-to-vehicle side 

The study will be completed by the FAT Working impact will be accomplished with pre-defined test rigs 

Group 5, "Biomechanics". It is supported by the Ar- (Figures 1 and 2). Figure 3 shows the test rigs before and 

beitsgemeinschaft Industrieller Forschungsvereinigungen after the test. 
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Figure 1. Side view of the sled with the CCMC deformation 
element used to simulate the striking vehicle. 

---Striking Vehicle 
The sled already available at the institute was used as 

the striking vehicle. This was fitted with one part of the 
CCMC barrier frame and the CCMC Deformation Ele- 
ment was mounted on the front of the frame (CCMC 
Report 1981). The weight of the striking vehicle, con- 
sisting of the sled, CCMC barrier frame, Deformation 
Element, and supplemental weights, amounted to 950 kg 
(Figure 1). 

--Struck Vehicle 
An Opel Kadett body mounted on a movable platform 

(dolly), was used as the struck vehicle (Figure 2). The 
weight of the struck vehicle, consisting of the dolly (Figure Figure 3. Deformable barrier and the Opel Kadett carbody 
4), car body, seat, test subject and supplemental weights, on the dolly, before and after the crash. 
also amounted to 950 kg. The vehicle was impacted under 
an angle of 90° at a collision speed of 50 km!h. struck vehicle---dolly with a mounted 

Significant details of the test setup are defined as follows: 
Opel Kadett two-door carbody 

---Occupants:      HSRI-, APROD-, Hybrid II 
---Mass relationship of the vehicle Dummies, or Cadavers 

with mounted superstructure: --Seat position: on the impacted side, middle seat 

/x = 1: ml = m2 = 950 kg position 

--Speed of the: ---Restraint system: 3-Point Automatic Belt 
striking vehicle: 50 km/h --Side windows and steering wheel removed. 
struck vehicle: 0 km/h 

--Impact angle: 90° 
--Impact point: SR 
--Vehicles: . - - 

striking vehicle~sled with 
CCMC Deformation Element                       ~ -                                    - i 

Figure 2. Side view of struck vehicle with Opel Kadett car- 
body. Figure 4. Design drawing of the movable platform (dolly). 
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Test Subjects 

Dummy 

Dummies under study are: the Side Impact Dummy 
developed by the Highway Traffic Safety Research In- 
stitute (HSRI), the omnidirectional Side Impact Dummy 
developed by the Association Peugeot-Renault 
(APROD), and the Hybrid II Dummy. 

The HSRI Dummy was made available by NHTSA, 
the APROD Dummy by APR, and the Hybrid II Dummy 
by Opel AG. 

Cadavers 

Age, height and weight of cadavers for this project 
should be within the following areas: 

--Age: 25-65 years 
--Height: 165-180 cm 
--Weight: 650-800 N 

Measuring System 

Two FM telemet~" systems were employed for record- 
ing measurement data; four sets of 10 measurement chan- Figure 5. Inductive motio~ sensor (WA) and marked tele- 
nels to one multiplex system (direct channels) in each scoping rod (TS). 

case. Multiplex signals were transmitted via cable and 
.......... stored direct on an analog magnetic tape recorder. FM 

............... Thorax: accelerometers as per the method recom- 
channels v~ere used to register intrusion measurement 

mended by NHTSA (Robbins et al., 1976, 
with an inductive motion sensor. Figure 7). 

Sternum, upper: X-axis 

Sternum, lower: X-axis 
Measurement Points 4th Rib, left: Y-axis 

.......... Striking Vehicle 8th Rib, left: Y-axis 
(X-axis) 

Deceleration along the X-axis. 4th Rib, right: Y-axis 
8th Rib, right: Y-axis 

Struck Vehicle Thorax vertebra 1 (T1): 3 axes 

Acceleration at the dolly along the Y-axis; acceleration 
at the inner side of the struck door along the Y-axis, and 
intrusion was measured at the inner side of the door and 
in the vicinity of the B-Pillar with an inductive motion 
sensor (Figure 5). As a cross-check, intrusion was opti- 
cally determined with a marked telescoping rod 
(Figure 5). 

The physical portion of deformation in the struck area 
was measured at the outside and the inside at 24 fixed 
points (Figure 6). 

Test Objects ~:~ ~- 

--Dummy 

Head:    acceleration at the head center of gravity, 3 
Figure 6. Deformation measurement points in the struck 

axes, right and left in the Y and Z directions area at the outside and the inside ar 24 fixed 
(Schmidt et al., 1978), points. 
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Figure 7. Locations of the thor~ accelerometer of the 12 
components method.                         Figure 8. Lateral accelerations of the 4th APROD rib highest, 

mean and lowest values of 4 tests. 

Thorax ve~ebra 12 (T12): 3 axes 
Pelvis: 
At the sacrum: 3 ax~ 
At the center of gravity: 2 ~es (X-Axis, Y-Axis),,, ~,, ~ ~ 

~ 
! .......... 

~adaver 
Head: acceleration fight ~d left in the Y and Z 

axes 
Thorax: 12 acceleration component measurement 

in keeping with NHTSA (as with the 
Dummy) 
pressure on the lungs 

Pelvis: At the sac~m, 3 ax~ ......... 

Measurement Evaluation 
Me~urement evaluation was accomplished at VW-AG. ’"    ’ .......................... ,~=’"’ 

Head signals were filtered pursuant to SAtE J 21 la ac- 
cording to channel class 1~; chest and pelvis sisals Figure 9. Lateral accelerations of the 4th HSRI db highest, 
according to channel class 180, and the w~hicle acceler- mean and lowest values of 5 tests. 
at~on sisals and seatbelt force sisals according to chan- 
nel class 60. 

Photographic Documentation 

oo  isio, p .se was   umente  wi ;b t ,ee 
spe~ cameras (s~tiona~ and onboard) at 5~, ~ and 

1~ frames ~r second. 

FIRST TEST RESULTS ,. 

£&~aI [es~Its #ore 5 NSRI-, 4 A£ROD-, ~d 4 Nybdd ~: 
II De,my T~ts aad 8 Cadaver Tests are ~b#e~ ~ the 

£~ur~ 8-27 cross-~mpa[e the accelerations of tbe 4tb 
db on tbe Jm£acted side, the ]st tbo[acJc ve~ebra (T1), 
a~d tbe sac~m, as we]] as tbe bead deSectJon a~sIe, of 
t5e ~nd~vJdua] test subjects as a [~ctJo~ o~ dine. 

~o~ e~5 t~t subject 8roep the 58u[es show the mean Figure 10. Lateral accelerations of the 4th cadaver rib high- 
a~eIerat~oa/dme cu~e a~d the outer bmmda~ o[ the est, mean and lowest values of 8 tests. 
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-" 

...... Figure 11. Lateral accelerations of the 4th Hybrid II rib high- Figure 14. Resultant cadaver upper thorax accelerations 
............. est, mean and lowest values of 4 tests, highest, mean and ~owest values of 8 tests. 

Figure 12. Resultant APROD upper thorax accelerations    Figure 15. Resultant Hybrid II upper thorax accelerations 
highest, mean and lowest values of 4 tests,                highest, mean and lowest values of 4 tests. 

Figure 13. Resultant HSRI upper thorax accelerations high-    Figure 16. Resultant APROD sacrum accelerations highest, 
est, mean and lowest values of 5 tests,                  mean and lowest values of 4 tests. 

311 



EXPERIMENTAL SAFETY VEHICLES 

Figure 17. Resultant HSRI sacrum accelerations highest, Figure 20. APROD head deflection angles highest, mean 
mean and lowest values of 5 tests, and lowest values of 4 tests. 

~o~ 

Figure 18. Resultant cadaver sacrum accelerations highest,     Figure 21. HSRI head deflection angles highest, mean and 
mean and lowest values of 8 test~;,                       lowest values of 5 tests. 

0 

Figure lg. Resultant Hybrid II sacrum accelerations highest,    Figure 22. Cadaver head deflection angles highest, mean 
mean and lowest values of 4 tests,                       and lowest values of 6 tests. 
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90 

"~ 80~} m~, Hybri if .......... 
APROO 

............. ) .... HSm 

~ 
~ 

.* ~ 
~SRI 

~ Hybrid g 

~ ~oi 
.~ 

/ 
°~    ~;    ~o    ao ~    ~o go    ~o a~ ~? go 

Figure 2& Hybrid II hesd deflection 8ngles highest, mesn 
and lowest values of 4 tests. Figure 26. Mean resultant sacrum accelerations of 

APROD-, HSRh and Hybrid II dummies and ca- 
davers. 

1:63 ~ESS-ST~LLE: ThorQx Vertebra 1 (T1), 3Axes 

"° ! i 
I t 

acceleration/time field. It was necessary to adjust a few 

....... "’ 1 I , . .......... AP~OD curves in time so that the sta~ of acceleration at the 

................ ’" :~4 ~ ~ .... .s~ applicable measurement point is the same within the text 
~ ~ ~ ~ [ ..... Cadaver 

’~ /~--~r ~ "y~ ~ subject group. Placement in time of accelerations of in- 
~ ~ /~... ’~b~ ~ ~ I dividual measurement points with each other is thus not 

’~ ~]~~~~. ~ [ always assured. This wi~ be documented for the individ- 

"-~~i ~~ ~ ~~ 
@ 

ual tests in the final repot. 
............ " - ....... Comparison of the mean acceleration/time cu~es 
....... 

"~ ~ ~ 

[ ] shows the great vaNances between the dummies and the 

...... cadavers, pa~icularly to Thoracic Vertebra 1 (Figure 24). 

.,, [ ~ 
The behavior here of the Hybrid II and the APROD 

i ~ ] ~ ~ ~ ~ [ j 

dummies is similar. ~e cu~es in the first phase of the 
.... , ............................... dummies are nearly the same in the area of the 4th fib 

(Figure 25). These differ in amplitude and time from those 
Figure 24. Mean resultant upper thor~ accelerations of     of cadavers. 

APROD-, HSRI- and Hybrid II dummies and ca- The mean acceleration/t~e pattern for dummies and 

davers, cadavers deviated less in the sacrum area (Figure 26). 
Figure 27 shows the mean curves of the head deflection 
angle as a function of time. Angular velocity is approx- 

mESS-S~LL~: &th Rib, lmpoct ~de, Y-Axis 

............ APROD 
1~* 

AP~ ~RI .... 

HSRI 00~ ..... APROD 

..... Cadaver .................. HSRI 

...... Hybrid ~                 APROD. 

o -. ~--- 604 

.., ~o4 / ./ 

.,. 204 
//.                  // ......." 

"~ I~’~ ~’~ =~’~ ~1"" t~’~ ~’~ I~’~ ~’~ ~’~    ~’~ 0 i tb 2~’    30    40 50 50    70 80 90    100 

Figure 25. Mean resultant 4th db accelerations of Figure27. Mean head deflection angles ofAPROD-, HSRI- 
APROD-, HSRI- and Hybrid II dummies and ca- and Hybrid II dummies and cadavers. 
davers. 
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imately the same at the beginning for the APROD and head deflection angle/time patterns in this report indi- 
Hybrid II dummies and higher than that of cadavers and cares that the development of the dummies examined, 
of the HSRI dummy. The mean maximum deflection which were especially designed for the side impact, is still 
angle is approximately the same for the cadavers and for not complete. This finding is also confirmed by the fact 
the Hybrid II and HSRI dummies but smaller than that that some of the dummies had unexpected structural fail- 
of’ the APROD dummy, ures. 

Analysis of the results of this project could supply a 
contribution toward a more accurate simulation of side 
impact dummy behavior to the behavior of cadavers. It 
would be logical to correlate dummy loadings with ca- 

The initial results discussed in this status report of the daver injuries, and to derive protection criteria or loading 
ongoing project do not yet allow gener~lly applicable limits respectively for belted occupants during a side im- 
statements to be made regarding the compatibility of the pact, only after the loadings and the kinematics of dum- 
dummies examined but it can be said tiaat all of the mies and cadavers are similar. 
dummies examined must still be refined aiad are not yet The final results will be made available towards the 
ready for experimental simulation, middle of the next year. 

The test series has still not been completed and, ad- These results will show to what extent under these test 
ditionally, loads were only determined at one collision conditions the behavior of the dummies is in conformity 
speed and for one specific test configuration. The initial with that of the cadavers, thus enabling the necessary 
comparison, that has still not been accomplished with conclusions to be drawn with regard to the dummy mod- 
statistical procedures, of the mean acceleration/time and ification and protection criteria. 

injury Criteria in Lateral Collisions, When an APROD Dummy is Used _ 

B. HUE, C. TARRI~RE, Y. C. LEUNG, and investigated. The APROD dummy underwent conse- 
A. FAYON quently several modifications; the purpose of this paper 

Laboratory of Physiology" and Biomechan- is related to this development and its consequences on 
the possible injury criteria when using the APROD. 

ics, Peugeot S.A./Renault TECHNICAL EVOLUTION--Three main grounds 

C. GOT, A. PATEL 
triggered the changes brought to APROD; they con- 
cern biofidelity, accidentological data and mechanics, 

LR.O.-I.R.B.A., R. Poincar(~ Hospital, respectively. 
Garches, France New biomechanical data are available which define the 

human head response to direct lateral impact, and which 
define the head kinematics, due to the neck response, 
when the body is pushed sidewards. To a certain extent, 

Modifications brought to APROD dummy since the the APROD head and neck assemblies were modified 
8th ESV Conference in Wolfsburg are presented and ex- accordingly. 
plainer. They result in new features of biofidelity and of Accidentological data showed the weight of abdominal 
dynamic response as regards the main body segments, injuries in lateral collisions (7). The abdominal section 
Simultaneously, the injury criteria to be associated to the built by TNO (12) from APR data (7) is able to detect 
use of APROD in lateral collisions are discussed. They the likelihood of injuries and was incorporated with 
include in particular the case of the abdomen. Besides, APROD body. 
the new head and neck assembly is matched to HIC 1500 Dynamic testing showed some shortcomings of the pre- 
and the thorax to a relative deflection criterion which is vious APROD thorax. A mechanical analysis of the 
commented upon. thorax response was performed which resulted in struc- 

SINCE THE EIGHTH ESV CONFERENCE, nu- tural modifications. 
merous studies concerning biomechanics and future dum- These sundry improvements will be detailed below for 
mies have been performed. In particular, many researches each body segment. 
were carried out in the framework of contracts with the Neck---For reasons of mechanical resistance and con- 
E.E.C. They resulted in more precise requirements to be sistency of accelerometric measurements at the level of 
met by dummies; besides, their dynamic response was the head, the Part 572 dummy neck (which equipped 
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previously the APROD dummy) is essentially constituted 

with a hard rubber, cylinder. The inferior face of this rub- 

ber block stays integral with the thorax and the superior 
face with the head base. It arises from that a low mag- 

nitude of the head/neck relative displacement. Further- 

more, the curvature radius of the head trajectory is too 

short (Fig. 1).                                                                         C~ble 

The analysis of car-to-car reconstructions and sled tests 

carried out with cadavers shows a very different response 

of the human subject head if the thorax is struck sideways. 

One can discern a translation phase which delays the tilt 

of the head and is due to its inertia when forces and 

torques transmitted by the neck are too low. Then comes Y~ - 

an important rotation phase, if no impact occurs. J~.~.~.pLa~ -- 

If these kinematics are analyzed, two rotation centers 

appear, each one being situated near the interfaces head/ 

neck or neck/thorax, respectively. 

Figure 1 shows other noticeable features of the human 

head and neck kinematics under the Ewing’s test con- Figure 2. Sketch of APROD 82 neck. 

ditions (8) with 22 kph and 7 g. 

In particular, the maximum angles reached by the head 

and the neck, and the maximum head sidewards displace- height; besides, more humanlike impact responses are 

ments relatively to the thorax are mentioned, expected. These impact responses were not defined in the 

In order to achieve an improved simulation of the hu- available literature. In the frame of an EEC research 

man head bending motion during side impact, researches programme, cadaver drop falls were carried out onto 

were devoted to modifications to be brought to the Hybrid paddings, the impact occurring on the parietal area of 

III neck (the middle part of which is more flexible), in the head. Although the results of these tests are not yet 

the areas of the head/neck and neck/thorax interfaces, complete (by the way, they are to be published by spring 

One half-sphere was arranged at each neck extremity; 1983), the duplication of these tests with the APROD 

both half-spheres were connected by a tensioned cable, dummy equipped with a Hybrid III head seems to indicate 

The inclination of the head depended upon the neck ri- that the use of a Hybrid III head confers a more hu- 

g~dity and also upon the frictions between the half-spheres manlike impact response. Particularly, the HIC levels are 

and their sockets, according to Figure 2. very close to those obtained during some cadaver testsl 

The braces of rubbers that were placed between the Shoulder-clavical-arm--No modifications to note since 

........ head or the thorax respectively and the extremity of the the versions presented at the last ESV Conference. As a 

neck play an important role in head-neck kinematics, reminder, since 1980, APROD is equipped with clavicles 

As for other modified body segments, the results ob- in molded compact polyurethane with steel inserts, and 

rained will be presented in the next section of the paper, such a clavicle was tested at speeds of up to 40 kph in 

Head--As the modified neck is longer than the one rigid impacts. 

which equips the Part 572 dummy, a Hybrid III head Thorax--Three points have to be recalled concerning 

was chosen. This one allows to keep the same erect sitting the requirements to be met by a lateral dummy thorax. 

1) Only a proper stiffness of the thorax allows to get 

an accurate deformation of the side wall of the vehicle 

i. 

~ (Fig. 3), which may be equipped with paddings. 

~"~~n         
Por~ 572 

2) It is essential to duplicate the thorax deformation 

~ 

~d~~ 
, dummy 

because the measurement of this deformation (called tho- 

racic deflection) is a good injury predictor as previously 

presented (5). 

~ 3) A humanlike deformation of the thorax and the 
Impact H~ad shoulder area is needed to enable a correct simulation of 

Hu,-~ a possible head impact. 

~~ subject 

Lateral impacts with cadavers already published (1)(2) 

enabled to define the curve of force versus deflection of 
b the impacted half-thorax (Fig. 4). Therefore, an important 

capacity of deformation had to be brought to the dummy 

thorax. Figure 1, Neck motions in lateral impact. 
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SOFT P~DI~ NG 

SOFTEA H()M~N RIB ERGE 

Figure 5. APROD 80. 

Figure 3. Stiffness of dummy rib cage must be human like 
and matched in padding stiffness. 

APROD 80--In 1980, the horizontal section of the forces. The corresponding principle is shown on Figure 

dummy’s thorax was as presented on Figure 5. 6. The limitation of the ribs outwards rotation, relatively 
A horizontal cylinder can be seen; two such cylinders to the pistons, is provided on the opposite side to impact, 

are superimposed and each one of them corresponds to contrary to 1980 version. 
3 pairs of ribs. The square crosssection of the pistons was Figure 7 shows the horizontal crosssection of APROD 
designed to prevent the rib cage from collapsing diago- 81: the square section of the deflection tubes disappears. 
nally when compressed in antero-posterior direction. 

To get the previously shown force-deflection charac- 
teristics of the thorax, the main adjustmem parameters APROO 80 
were compression disks located inside the t~orizontal cyl- 
inders and the rib thickness. 

APROD 81--Because a jamming of the pistons was 
noted, the APROD design was reviewed to get rid of this 
undesirable phenomenon. 

If one looks to a simplified horizontal crosssection of FORCE 

the thorax, it appears that offset or oblique impact forces 
develop reaction forces on piston bearings, and therefore ~’ 
they increase friction. 

~ 
, 

It was noted that a modification of the joints between 
Mt 

~ INOuCIO ribs and pistons could drastically diminish the reaction 

APROD 81 

iApp~ied nerm=lize~ force 

dan 

~0~ 

FORCE 

Relative 

deflection 
FREE        LOW                STOP 

o ~o 20 3~ ~o so % ROTATION FRICTION 

Figure 4. Corridor for force/deflection characteristic of the     Figure 6. Principle sketch of the 80 and 81 rib cage kine- 
dummy,                                              matics. 
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............... APROD 82** 61 48 9 52 
Cadaver 72 108* 
Volunteer 68 103" 

*Due to the head rotation around its z-axis, that displaces the targets, these 
values exceed the real ones. 

**When new neck and TNO abdomen are fitted simultaneously on APROD 
81, is referenced as APROD 82 ..... 

Figure 9. T.N.O. abdomen, 

But, if tests under severe dynamic conditions are carried Thorax results---drop tests: To evaluate the above pre- 

out, important technical problems will appear as regard sented improvements, thoracic drop falls were carried out. 

the neck mechanical resistance. From the size and the Test conditions are identical to those used to define the 

geometry of ball-joints, excessive friction forces can be load-deflection corridor of the cadavers. The drop height 
generated, inducing an insufficient rotation of the two was either 1 m onto rigid surfaces with the arm involved, 
half-spheres. It results in shearing forces which induce or 2 m onto APR padding material with the arm out of 
an important risk of neck cable rupture, the way. 

In order to increase the surface of the spherical bearings The results are gathered in the here-under table and 

and diminish, too, the friction forces, we have been led compared with the results obtained with the APROD 80 
to modify the size of the two half-spheres and the location version, already presented at the 8th ESV Conference. 
of their centers. Although no more failure was recorded, A difference appears between the half-thoracic deflec- 

we think that the present design is still not fully saris- tion related to exterior dimensions and which is evaluated 
factory (too much friction in the joints; neck elongation from film analyses and the intrusion of lower piston. But 

observed on volunteers and cadavers not properly dupli- the deformation of the skin and the light amount of rib 

cated). Thus, complementary studies were undertaken, rotation and deformation (which are not measured by the 

which take into account the phenomena brought to light transducer) are to be taken into account. Their cumulated 
during the first evaluation, values can be estimated at about 12,5 mm for these tests. 

Translation of Half-Thorax 
Drop Type 

Impact Force 
Lower Piston Deflection 

(daN) (mm) (mm) 
80 82 80 82 80          82 

1 mmrigid 900 920 1 6 ~24 19.5 
arm involved 1250 11 1 24 

2 m--padding 630 570 23 36 48 ~47 
arm out of wa~/ 660 36 ~47 

318 



SECTION 5: TECHNICAL SESSIONS 

Inside the deflection tubes, rubber washers controlled 

.................. ........ the dummy’s internal dynamic rigidity. During the oc- 
currence of impact, the pile made by those washers under- 
went axial force and they often buckled. This instability 
had two consequences, i.e., unrepeatability of tests and 
the need to disassemble the dummy after every test in 

~, / order to replace the washers. Thus, these washers were 
~ ........... ~ ~’ ,�. s+0~ . ..... replaced by a triangular-shaped single piece, the hardness 

of which is 50-shore. 
To prevent excessive rib cage deformations ensuing 

~ ........ ~ ---- ~    "~ .. from oblique impact, it was decided to equip the APROD 
81 with a reinforced breast plate (Fig. 8). 

Figure 7. APROD 81. AbdomenJIn lateral collision, the abdomen of pres- 
ently existing dummies does not make it possible to eval- 
uate the risk of occurrence of abdominal injuries. 

Although this solution was satisfactory in its principle, it However, accidentological studies show that the statistical 

remained opened to criticism; in fact, the producing of weight of the abdominal lesions, evaluated by means of 

such parts and of their guide-system was a delicate matter, a combination of their frequencies and their cubed AIS, 

and they were likely to produce exce:~sive frictions, as is of the same magnitude as that of the head and thorax 

soon as parallelism was not perfect. The pistons were lesions, for which side impact protection criteria have 

hence redesigned; they got a circular cottered section, already been contemplated. 

with the cotter acting as a stopping device in rotation In order to palliate this insufficiency, G. Walfisch 

motion during frontal impact. [In the beginning, the et el. (7) defined, by means of tests with cadavers, the 

guide-system included self-lubricating ~ings. The fragility tolerance of the human abdomen area in terms of a couple 

of these parts in frontal impacts led u.,; to discard them force-penetration. Simultaneously, the dynamic data en- 

in favour of a metal-on-metal guide-s~stem, the gliding abled a definition of an abdomen model to be integrated 

of which might be improved when necessary.] in a dummy. A first attempt for a protection criterion 
associated with measurement devices fitted into this ab- 
domen is also made. 

According to this work, the TNO developed a new 
instrumented abdomen section. A continuous force and 

/tI 

__~ 
// 

penetration reading is not needed in order to check 
whether the tolerance limit is exceeded or not. Thus 

i 1 switches are placed inside the abdomen near the pene- 
\ 

1 )/ 
tration limit; if those switches are designed to operate at 

i i 

~ 

If.I) 

a force limit, obtained from a pressure limit, then injury 

. predictors at any point inside the abdomen at the required 
penetration level are installed according to the response 

’~ ~t -~_ \ of the switches. More details are already published (12). 
- i i ~J~ ,~ Six switches are located on the periphery of a drum shown -- 

r-------~,~ on Fig. 9. 

RESULTS OF TESTING 

~ // Neck results--Several sled tests were carried out for 
evaluating the improved neck. The procedure was similar 

.~ Section’ AA rx!x~~"0~!x/x/: ~d , h 
to Dr. Ewing’s tests with volunteers, with the greatest 

f ,.,<, ....... 
;o;\ ........ ~<~7I~’%-’~’-’ , ~ 

violence used (22 kph, 7 g). These tests confirmed that 
the achieved modifications confer to the neck a more 

~ ~o~,_.-~,, .~_~._~ ~,~.. satisfactory response according to the cadaver and vol- 
unteer data. However, the maximum angle reached by 

Figure 8. Sternum reinforcement locations the head from the vertical axis remains too small, yet (Cf. 

here-under table). 
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For APROD 80, there was an almost constant deviation exceeded the angular limits corresponding to the proper 
of 23 mm between the external deflection (recorded on work of the switches, 
film) and the internal deflection (measured by the trans- 

....... 

........... ducer)~ This more important further deflection is due to PROTECTION CRITERIA TO BE MET WHEN 
the difference in kinematics of the 80 and 82 rib cages, USING THE APROD 82 DUMMY 
when they are struck sideways. 

Full scale tests--For evaluating the APROD 82 in such 
1. Head--The results of the tests carried out with ca- 

tests, two experimental collisions were carried out, in 
davers and APROD 82 dummies, since they display sire- 

which APROD 82 was seated in the struck car on the ilarities in kinematics and in head impact response, show 
............. struck side. As a matter of fact, these two tests are two that it is possible to choose a protection criterion level 
........... supplementary reconstructions of a real accident involv- 

close to the human tolerance, that is a HIC equal to 1500 
ing two Peugeot 504, the precise description of which 

according to a paper released during this ESV Conference 
was presented at the 8th ESV Conference (4). 

(11) and other previous publications (8)(10). 
At this same conference, results of such reconstructions 

2. Thorax--Previous studies (3,9) have shown that 35% 
with an APROD 80 dummy occupying the struck car 

of the half-thoracic relative deflection can be associated 
......... were also presented. Therefore, it enables, today, com- 

with 7 to 8 rib fractures for the middle class, as regards 
............ paring the results obtained with an APROD 80, on the 

the overall resistance of the population at risk; this de- 
one hand, and with an APROD 82 on the other hand, flection figure can be used as a thoracic human tolerance, 
under the same conditions. 

as far as force-deflection characteristics of APROD and 
The trajectories of the APROD head, linked to the 

displacement of the neck base are very close to that of 
human being are similar; so, a relative deflection equal 
to 35% could constitute for the APROD dummy a pro- 

the cadavers of already mentioned reconstructions (4). In 
tection criterion. These 35% correspond at about 40 mm 

particular for both human surrogates constituted by hu-    for the driving-in of the one piston, for which the de- 
man subjects and APROD 82 dummies, the sidewards 
displacements of their heads were of the same order of 

flection is the greater. This point will be precised by 

magnitude. It is reminded that, due to the technology of 
complementary tests under other conditions. 

3. Abdomen--Even if it is necessary to redefine the 
the new neck of APROD 82, it is possible to duplicate 

force which triggers the switches, or the locations of these 
....... more easily the translation of the head inside the passenger 

............... compartment which occurs before the head rotation 
switches, it seems that the TNO abdomen can be kept 

phase, as previously recalled in this paper, 
inside of this dummy to develop a satisfactory abdominal 

As regards the thorax, kinematics is satisfactory, 
protection criterion. 

4. PelvismPrevious studies have shown that it is pos- 
Nevertheless, the thoracic deflection results for APROD 

sible to take the value of 100 gi3ms measured in the 
82 are rather low in comparison with the results for 

median sagittal plane of the dummy’s pelvis as protection 
........ APROD 80. The differences in kinematics of 80 and 82 

" rib cages could be an explanation, 
criterion for this body area. 

Regarding the abdomen, the switches have not been 
actuated, that cannot be correlated with the AIS = 4 DISCUSSION 
abdominal lesion of the real victim. It seems that the 
distribution of the six switches at the periphery of the At the 8th ESV Conference, it had been noted that 
drum, where they are separated by 15" intervals, may be some mechanical jammings appeared at the level of the 
responsible for this failure. As a matter of fact, the di- thoracic pistons. It seems that the mechanical jammings 
rection of the forces applied to the abdomen may have have today disappeared as regards metallic parts, due to 

Abdo- 
T max. 3’ 3ms Half thoracic 3/max. ?, 3ms men 

HIC thorax thorax deflection pelvis pelvis switch 

Part 572 1st test 309 75 60 m 110 100 
2nd test 1017 72 60 -- m -- 
3rd test 811 .... 120 

APROD 80 1st test 737 62 60 42 190 125 
2nd test 1130 42 38 36 188 140 

APROD 82 1st test 653 73 65 39 110 t00 no 
2nd test 338 56 45 24 121 120 no 

cadaver I st test 440 121 95 43 107 90 
2nd test 837 93 75 37 147 t 18 
3rd test 110 104 70 m 128 105 
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the improved paths of loadings and kinematics obtained 23rd Stapp Car Crash Conference, San Diego, Oc- 

from the modifications brought to the thorax (free ro- tober 1979. 

tation on side impact and stop on the opposite side-- 3. A. Fayon, C. Tarri~re, G. Walfisch, M. Duprey, M. 
sternum reinforcements). However, for some drop fall Balthazard, "Development and performances of the 
tests onto rigid surface, it was observed an interruption APR dummy (APROD)," proceedings of the 8th 
of piston motion during impact. An in-depth analysis of International Conference on E.S.¥., Wolfsburg, Oc- 

these tests brought to light the existence of two main tober 1980. 
paths of toadings, through the piston aad through the 4. C. Tarri~re, B. Hue, A. Fayon, G. Walfisch, "Re- 
plastron respectively. The reinforcements of the plastron construction of side collisions", proceedings of the 
makes the corresponding transmitted forces no more neg- 8th International E.S.V. Conference, Wolfsburg, Oc- 
ligible. As regards forces passing through pistons, it seems tober 1980. 
that an excessive friction of the rubbers, when com- 5. J. Sacreste, F. Brun-Cassan, A. Fayon, C. Tarri~re, 
pressed, can be responsible for a stopping of the piston C. Got, A. Patel, "Proposal for a thorax tolerance 
displacement, level in side impacts based on tests performed with 

This point will be investigated and tt~e rubber shape cadavers having known bone conditions", 26th Stapp 
will be modified accordingly. Car Crash Conference, October 20-22, 1982, Ann 

Arbor, Michigan. 

CONCLUSIONS 6. D. H. Robbins, J. W. Melvin, R. L. Stalnaker, "The 
prediction of thoracic impact injuries", proceedings 
of the 20th Stapp Car Crash Conference, Dearborn, 

Improvements developed for the APROD dummy pro- 
vided benefits as regards its biofidelity ~nd its dynamic October 1976. 

response. Some technical problems remain concerning the 7. G. Walfisch, A. Fayon, C. Tarri~re, J. P. Rosey, F. 

neck, for which a new study will be undertaken. It seems Guillon, C. Got, A. Patel, "Designing of a dummy’s 

that the mechanical jamming, observed on the previous abdomen for detecting injuries in side impact colli- 

version have today disappeared as regards metallic parts, sions", in proceedings of the 5th International IR- 

Protection criteria for the main body areas have been COBI Conference on the Biomechanics of Impacts, 

proposed. APROD 82 can be used for improving side 9-10-11 September 1980, Birmingham, Great Britain, 

impact protection since it makes it possible to evaluate ONSER Secretariat, 109 Ave. Salvador Allende, 

the degree of safety afforded. 69500 Bron, France. 
8. C. Tarritre, G. Walfisch, A. Fayon, C. Got, F. Guil- 

Ion, A. Patel, "Acceleration, jerk and neck flection 
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Proper Use of HIC Under Different Typical Collision Environments 

D. LESTRELIN, C. TARRII~RE, curve and the Eiband data (4) based on acceleration/time 

G. WALFISCH, A. FAYON diagrams. They allowed C. W. Gadd to write (1): 

Laboratory of Physiology and Biomechanics --In view of the scatter of the data, it is suggested 

Peugeot S.A./Renault that a straight line approximation on a log-log 
plot is sufficient at this time for head injury likely 

C. GOT, A. PATEL to result fromfront to rear head acceleration over 

........... I.R.O.-I.R.B.A., R. Poincar(~ Hospital, a range of between approximately one and fifty 

Garches, France ms. This brackets the pulse time duration en- 
countered by vehicle interior head impacts. 

J. HUREAU 
This resulted in the 2.5 exponent. 

Laboratory of Anatomy-Biomedical U.E.R., However, on WSU curve, the data points located on 
Saints-P~res, Paris V University the left side of the curve correspond to rigid head impacts 

when data points located on the right side are related to 

ABSTRACT whole body exposures which do not involve a direct blow 
to the head (4). No obvious reason exists which gave the 

Authors present a synthesis of data concerning the same tolerance level for these 2 very different types of 

relationship between HIC values and head injury levels, assaults. 

obtained from various methods and under several partic- As regards whole body exposures, a sketch of Eiband 

ular test conditions. Then, frontal collisions are discussed, data, from a J. Versace paper (2) is shown on Figure 1. 

Two cases are separately considered; when head impacts Versace noted that "the military data summarized by 

occur, and without head or neck impacts. Accidentolog- Eiband are expressed in terms of the deceleration of the 

ical data allow one to conclude that no criterion is pres- seat (it results in) almost certain amplification of accel- 

ently needed when no head impact is recorded. On the eration at the subject’s head". 

.... contrary, when head impacts are undergone, biomechan- When Versace’s paper was presented, the mathematical 

ical data and analyses of kinematics are in favour of HIC formula which computes the HIC value according to 

1500 as far as 3-point belt is used. standard 208 was not used. Today, one can observe that 

The other classical types of accidents are mostly rele- the line 1000 = TA2’~ drawn on Figure 1 corresponds, 

vant to the case of direct head impacts; HIC 1500 criterion at seat level, to a higher 208-HIC value than 1000, due 

may apply provided that a sufficient pressure distribution to the very definitions of the magnitude and duration of 

......... exists--besides, the protection of the face is a particular the acceleration which were used; only a value inferior 

problem, to present 208-HIC, as this later uses the whole deceler- 

THE HEAD INJURY CRITERION (HIC) is an al- ation pulse, can be obtained. So, harnessed volunteers 

ready old concept which was often criticized for both its 
mathematical formula and its relationships with any in- 
jury level. However, in 1982, no alternative candidate 

criterion appears which was sufficiently known and di- ~ DATA FROtvl EIBAND 
rectly available from measurements on present dummies. _~ 

This paper aims in particular to determine if meeting      ¯ 
the requirements of a HIC value in a dummy test can 
provide a better safety to real accident victims, by pro-      ._~ 
tecting them from rather severe injuries when they 
undergo similar impact conditions. Various accident cir- 
cumstances will be examined. 

FRONTAL COLLISIONS--RESTRAINED 
SUBJECTS AND DIRECT HEAD IMPACTS 

o,oo~ ~oo~    ~o~ 
First of all, some old data will be recalled because they Duration olr uniform acceler’otion (sec) 

have been used in the beginning in order to situate the 
tolerance levels. Figure 1. Data from Eiband, (J. Versace, in 15th Stapp car 

Everybody knows the Wayne State University tolerance crash conference). 

321 



EXPERIMENTAL SAFETY VEHICLES 

Table 1. Head injuries with and without he~d impacts. Belt wearers in frontal collisions--front places. 

Head AIS Versus /~V--No Contact-- 
&V (kph) AIS     0       1        2       3       4       5       6          Totals 

_< 20 271 0 0 0 0 0 0 271 
21-30 221 0 0 0 0 0 0 221 
31-40 ! 42 0 0 0 0 0 0 142 
41-50 56 0 0 0 0 0 0 56 
5 ! -60 14 0 0 0 0 0 0 14 
61-70 4 0 0 0 0 0 0 4 

> 70 0 0 0 0 0 0 0 0 
708 0 0 0 0 0 0 708 

Head AIS Versus &V--With Contact-- 
&V (kph)        0        1        2        3        4        5        6          Totals 

< 20 1 34 3 0 0 0 0 38 
21-30 2 29 8 1 0 0 0 40 
31-40 1 62 19 2 0 0 0 84 
41-50 1 53 33 7 0 1 0 95 
51-60 0 22 15 3 1 5 0 46 
61-70 0 2 11 2 0 4 0 19 

> 70 0 0 1 0 0 0 0 1 
5 202 90 15 1 10 0 323 

Head AIS Versus--Contact Questionable-- 
&V (kph) 0 1        2       3       4       5 6 Totals 

0-max 0 8 1 0 0 0 0 9 

Head AIS Versus Mean ?’--No Contact-- 
Mean 3/        0        1        2        3        4        5        6          Totals 

_< 4 208 0 0 0 0 0 0 208 
5-6 269 0 0 0 0 0 0 269 
7-8 134 0 0 0 0 0 0 134 

9-10 53 0 0 0 0 0 0 53 
11 - 12 26 0 0 0 0 0 0 26 
13-14 13 0 0 0 0 0 0 13 
15-16 2 0 0 0 0 0 0 2 
17-18 2 0 0 0 0 0 0 0 
19-20 0 0 0 0 0 0 0 0 
21-22 1 0 0 0 0 0 0 0 

> 22 0 0 0 0 0 0 0 0 
708 0 0 0 0 0 0 708 

Head AIS Versus Mean ?,--With Contact-- 
Mean ?’        0        1        2        3        4        5        6           Totals 

_<4 0 18 2 0 0 0 0 20 
5-6 4 57 9 0 0 0 0 70 
7-8 1 56 12 2 0 0 0 71 

9-10 0 31 28 2 0 3 0 64 
11-12 0 21 20 4 0 0 0 45 
13-14 0 16 10 4 1 1 0 32 
15-16 0 2 5 2 0 1 0 10 
17-18 0 1 2 0 0 5 0 8 
19-20 0 0 1 1 0 0 0 2 
21-22 0 0 1 0 0 0 0 1 
>22 0 0 0 0 0 0 0 0 

5 202 90 15 1 10 0 323 

Head AIS Versus Mean ?,---Contact Questionablo 
Mean 3’ 0 1 2 3 4 5 6 Totals 

O-max 0 8 1 0 0 0 0 9 
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probably sustained HIC values superior to 1000 without The sample and the methodology are the same as pre- 
head or neck lesions, viously. 

This constitutes an earlier indication that, when no The cases for which direct neck impacts occur were 

direct head impact occurs, the isolated Standard 208-HIC added to the cases of head impacts, in order to keep 

requirement brings no supplementary protection to the separated the cases of pure posterior-anterior neck bend- 

occupant. As a matter of fact, such runs with restrained ing. 

volunteers exist which exhibit high S.I. or HIC value Table 2 shows a summary of the results. 

without head or neck injuries. According to Gadd (5), In the analysis, neck injuries are distributed according 
S.I. about 1500 were sustained by volunteers; therefore, to the severity of the frontal collision in AV on one hand, 

.... one has to took at available accidentological data to check, and in mean T on the other hand. 
if injuries are reported among restrained occupants in m656 occupants without head or neck impact are in- 
frontal collisions, without head impact, but under severe 

volved 
deceleration putses. 

--339 with a head or neck impact are in- 
Finally, the severities of head injuries, with and without 

volved 
head impact, were investigated by means of the data ob- 

-- 45 cases could not be classified. 
tained from the IRO/PEUGEOT S,A~ENAULT mul- 
tidisciplinary accident analysis. Beyond 50 kph, no neck AIS _> 2 is observed among 

The sample involves 1040 front seat occupants wearing 18 cases without head or neck impact. With such impacts, 
a 3-point seat belt and who sustained a frontal collision. 4 AIS > 2 are recorded out of 66 cases. 

For each subject sample, the following parameters are So, when no direct head or neck impact occurs, the 

known: risk of considerable neck injury is very little, and head 
injuries are negligible. 

............... ---collision severity in terms of speed variation (AV) Furthermore, in some cases of the sample, the thoracic 

and car average deceleration (mean T), restraint is likely to have exceeded in terms of equivalent 

mlocalisation and severity, in terms of AIS of head decelerations on dummies the classical limits. In addition 

injuries, to accidentological results, thinking of the existence of a 

--injury causation; a head impact is assumed taking prescribed limit for the thorax in any set of injury cri- 

..... into account the recorded interior deformations teflon, one concludes that no criterion is needed when 

............. (steering wheel, dashboard . . .) and the very nature no head or neck contact occurs in frontal collisions, 

of the observed lesions. 
TOLERANCE TO DIRECT BLOWS TO THE 

Table 1 makes a summary of available results. HEAD 
Head injuries are distributed according to the collision 

...... severity in terms of AV on one hand, and mean 3, on the 
Only the cases where blows to the head are sustained 

...... have to be taken now into account. Blows without whole 
other hand. They concern 708 occupants without head 
impact and 323 which sustained a head impact. In 9 cases, 

body exposure will be considered firstly. 

the occurrence or not of a contact could not be estab- 
Coming back to the WSU curve and to another already 

lished, 
mentioned reference (4), 2 assessments can be made: 

In the analyzed sample, in frontal collisions without was regards head impacts, it is very 1Lkely that Amer- 

head impact, seat belt wearers never reached the head ican football players sustained HIC near 1500 in 

AIS value 2, i.e., a short loss of consciousness, at any some cases since "football helmets were designed to 

collision severity, attenuate head impacts to an S.I. of less than t500 

On the contrary, among seat belt wearers which were in a simulation of severe football head impacts" (30). 

submitted to a skull trauma, AIS _> 2 cases correspond --Conversely, data points on the left side of the WSU 

to more than one third of the cases, curve, which corresponds to a lower S.I., are related 

When a AV equal to 50 kph is exceeded, no head injury to fractures and short duration impacts. Thus, a dis, 

is found without head impact for 18 cases recorded; with tinction appears necessar3’ between padded impacts 

head impact, 15 occupants out of 66 sustained an and the rigid ones which commonly produce frac, 

AIS _> 3. tures. 

Same results are observed when mean ~/exceeds !2g. The head tolerance to skull fracture will be examined 
In conclusion, head injuries are negligible without head below. 

impact in a sample which includes the most severe head- 
on collisions, since 1040 occupants were taken into ac- RIGID IMPACTS AND SKULL FRACTURES 
count without selection. 

As a complement, the severities of neck injuries were In 1971, the results of a research about human tolerance 
also examined when a head/neck impact occurs or not. to skull fracture were published by Hodgson and Thomas 
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Table 2. Neck injuries with and without head and/or neck impact. Belt wearers in frontal collisions--front places. 

Neck AIS Versus ~V--No Contact-- 
/~V (kph) AtS 0 1 2 3 4 5 6 Totals 

< 20 250 9 0 0 0 0 0 259 
21-30 200 4 0 0 0 0 0 204 
31-40 121 4 0 0 0 0 0 125 
41-50 48 2 0 0 0 0 0 50 
51-60 13 ! 0 0 0 0 0 14 
61-70 4 0 0 0 0 0 0 4 

> 70 0 0 0 0 0 0 0 0 
636 20 0 0 0 0 0 656 

~leck AIS Versus ~V--With Contact-- 
/~V (kph) 0 1 2 3 4 5 6 Totals 

_< 20 35 6 0 2 0 0 0 43 
21-30 37 6 0 0 0 0 0 43 
31-40 76 12 1 1 1 0 0 91 
41-50 84 10 1 1 0 0 0 96 
51-60 38 5 2 1 0 0 0 46 
61-70 15 3 0 0 0 1 0 19 
>70 1 0 0 0 0 0 0 1 

286 42 4 5 1 1 0 339 

Nec}~ AIS Versus ~V---Contact Questionable-- 
~V (kph) 0 1        2        3        4        5 6 Totals 

0-max 8 34 1 1 0 1 0 45 

N,~ck AIS Versus Mean ?,wNo Contactm 
Mean ?, (g)        0        1        2        3        4        5        6           Totals 

< 4 193 7 0 0 0 0 0 200 
5-6 245 4 0 0 0 0 0 249 
7-8 117 4 0 0 0 0 0 121 

9-10 46 2 0 0 0 0 0 48 
11-12 21 2 0 0 0 0 0 23 
13-14 10 1 0 0 0 0 0 11 
15-16 1 0 0 0 0 0 0 1 
17-18 2 0 0 0 0 0 0 2 
19-20 0 0 0 0 0 0 0 0 
21-22 1 0 0 0 0 0 0 1 

>22 0 0 0 0 0 0 0 0 
636 20 0 0 0 0 0 656 

Neck AIS Versus Mean ~/--With Contactw 
Mean -y (g)        0        1        2        3        4        5        6          Totals 

_<4 18 3 0 2 0 0 0 23 
5-6 63 12 1 1 0 0 0 77 
7-8 67 5 1 0 0 0 0 73 

9-10 60 4 1 0 1 0 0 66 
11-12 37 7 0 1 0 0 0 45 
13-14 26 6 0 0 0 1 0 33 
15-16 6 3 1 1 0 0 0 11 
17-18 6 2 0 0 0 0 0 8 
19-20 2 0 0 0 0 0 0 2 
21-22 1 0 0 0 0 0 0 1 

>22 0 0 0 0 0 0 0 0 
286 42 4 5 1 1 0 339 

Neck AIS Versus Mean v---Contact Questionable-- 
Mean ?, (g) 0 1 2 3 4 5 6 Totals 

0-max 8 34 1 1 0 1 0 45 
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Table 3. Results of head impacts at fracture level, published by: V. R. Hodgson and L. M. Thomas at the 15th Stapp 
Conference, SAE. 

FrontmFlat Plate 
Peak Peak AcG Mean Pulse                            EDI     EDI 

Cad Drop ht., Vel., Force, Result, AcG, Time, Peak Aa.p, (SI) (SI) (Ac~) 
No. in ft/sec Ib G G s G (Ac~) (Aa.p) Resp, in Resp, in 

1747 10 7.3 1600 230 75 0.0076 195 794 400 0.14 0.11 
1701 10 7.3 1450 370 123 0.0045 345 2020 1800 0.18 0.12 
1699 10 7.3 1700 270 87 0.0076 230 1280 792 0.17 0.13 

........ 1805 !0 7.3 1450 190 63 0.0076 150 565 390 0.13 0.11 
1873 25 11.5 2100 240 85 0.0061 195 1020 724 0.16 0.13 
1857 30 12.7 2000 220 83 0.0076 220 1250 561 0.19 0.11 
Average 14 8.9 1720 250 86 0.0068 220 1150 780 0.16 0.12 

Front---8 in Radius Hemisphere 
Average    21    10.3    1400 m -- 0.0068 220 -- 565 -- 0.12 
Frontm3 in Radius Hemisphere 
Average    15 9.7     1030 -- -- 0.0064 190 -- 550 0.13 
Front~l in Radius CylindermSagittal Plane 
Avera~le    16      8.5     1960 -- -- 0.0048 280 m 910 --     0.12 

Table 3 bis. Comparison of Alderson 50th percentile dummy to cadaver response at fracture level front-flat plate; published 
by: V. R. Hodgson and L. M. Thomas at the 15th Stapp Conference, SAE 

Pulse 
Pulse Peak Accel- Time 

Peak Time erate, G (accel-    Severity Index EDi 
Drop ht., Force, (Force), erate), 

Subject in Ib s res a-p s A,es* Aa.p Resp, in. 

........ (Cadavers) Average 14 1720 0.0051 250 220 0.0068 1150 780 0.12 
Dummy 10 2350 0.0034 305 270 0.0072 1680 890 0.10 

15 3070 0.0034 325 290 0.0072 2040 1150 0.12 
20 4000 0.0028 425 384 0.0061 3270 2020 0.14 

*A,~ = Resultant of A~_~ and A~,~ measurements of dummy. 
A,o, = Resultant CG Acceleration (AcG) for cadavers. 

(6). Hereunder is a duplication of a part of the conclusions Pulse durations (Table 3) remained inferior to 8 ms: 
of this study. Besides, Table 3 gives numerical results, the impacted areas were rigid, unyielding surfaces. 

Embalmed moist human cadavers were used. When resultant accelerations at the center of gravity 
"These test results confirm that frontal bone fracture are available, HIC 1000 appears here a reasonable esti- 

occurs in the human cadaver at the same level of ac- mate of skull fracture tolerance (by interpretating the 
celeration as predicted by the Wayne State University published S.I. values). Here, accelerations give a good 
Tolerance Curve. estimate of the loading imposed to the head, because the 

Average values of SI and EDI (*) computed for six whole path of loading concerns skull bones with a single 
impacts which produced linear skull fractures due to impact in frontal area. However, the tolerance level sug- 

frontal rigid fiat plate impact are in close agreement gested by these experiments has not to be kept as far as 
with critical values predicted by authors of these two head-on car collisions are concerned, because of the ve13’ 
methods, nature of impacted area, because of the differences in the 

For the drop height range which produced linear paths of loadings, and because of the different dummy 
fracture in the cadaver due to frontal impact against a head responses. 
rigid flat plate, the SI for the Alderson 50th percentile As regards the impacted areas, presently no unyielding 
dummy head acceleration response was much higher surface of infinite mass exists in a car, under the condi- 
than for the cadaver", tions of the contemplated dummy tests. 

These conclusions can be commented as follows. The surfaces in contact with the head yield more or 
less; Figure 2 shows the much longer impact durations 

(*) EDI: see (29) and HIC computation intervals which commonly appear 
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~ ~!G!D MEAD IMPACTS 

/ 
, LMETS 

~J~E                                          BELTED SUBJECTS WITM OR WITHOUT HEAD IMPACT 

0 I0 20 30 t,,O HIC COMPUTATION INTERVAL 

BI!LTED DUMMIES WITH OR WITHOUT HEAD IMPACT 

Figure 2. HIC computation intervals of various accident types. 

in automobile collisions; Figure 3 illustrates the increase 
nb oF cc~ver" head impacts in head impact durations which occurs as soon as some 

z0 .............................. padding is provided. The difference in impacted areas 
2.~ ..................... justifies thus the research of the tolerance level to head- 
~o,s ~, ...... ’~ ’-"~° "~°s ..... ~. impact which better fits the conditions of frontal colli- 

sions. 
As regards the paths of Ioadings the head of a restrained 

occupant can be decelerated essentially by two ways: im- 

I 
pact forces and neck forces, these latter being sufficient 

,,~!,,,’, ,,,,~t, 
when no impact occurs. HIC computation cumulates 

i ~’i~ i ! these two phenomena without isolating the part of each 1" , 1" I ~ ~ 
one. This point will be also detailed later on. (Fig. 4). 

~ " J. Z~. ~ ~. r~ ~ Z ~ ~ ~ ~ (m’~" 
As regards the dummy head response, the lowest lines 

~ ~ ÷ - r ~ , of Table 3 show a much higher acceleration of VIP 50 
" ~ * head: S.I. on the average was 1150 for a 14 in. drop height 

T of cavavers; VIP 50 head reaches 1680 for 10 in. drop 
r .height and 2040 for 15 in. ! T 

I ~ dec~erotion pulse ! 
Finally, authors of (6) intended to use some fit between 

duration, tolerance to skull fracture and tolerance to mild concus- 
~ sion. The previous remarks concerning the double path ___ HIC calculal’ior~ time. j 

of loading of the head in frontal collisions and the pulse 
~b or" cadaver" head impacts duration apply. The order of magnitude of HIC com- 

- putation interval in (6) might be 3 ms. 
Figure 3. Head impact durations, rigid vs. padded. At last, it may be concluded that HIC 1000 concerns 
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Simultaneously, a method for computing the linear and 
angular accelerations at the center of gravity of the head, 
by means of 9 accelerometers, was implemented. When 
the injection method is already described (7) and used by 
other teams, it was not the case as regards the compu- 
tation of acceleration. Therefore, some details are pre- 
sented here. 

A complete set of acceleration measurements is 
achieved on the skull periphery in order to obtain by 
computerization the following data: 

--Every kinematic feature of the head movement and, 
particularly, angular velocities and accelerations in 
terms of time. 

(r~,~,~ ,,wtect,~ --The resultant linear acceleration at the head center 
of gravity and the usual parameters calculated by 

.............. means of this function (3/max, 7 3 ms, S.I., HIC). 
Figure 4. Impact force is only a part of forces stopping the 

A method using accelerometers is implemented with a 
head. 

so-called 3-3-3 configuration, as described by Alem (28). 
For improving its accuracy, the distance between trans- 
ducers has to be as large as possible. Tests were performed 

rigid impacts of short duration which relate to skull frac- in order to evaluate the robustness of the whole procedure. 
ture but does not apply to the requirements of restrained Some parameters appeared of secondary importance; they 
occupants in a car environment, 

are: 

BETTER ESTIMATE OF HEAD TOLERANCE 
wUsing a computation process with simple or double 

precision, 
TO DIRECT IMPACT                               --Filtering of analog data, as far as HIC is concerned, 

with 600-1000 Hz range. 
"Better estimate" means: with longer impact durations 

than the previous ones, against rigid unyielding surfaces. On the contrary, the choice of the integration method, 

When fresh unembalmed cadavers are used, for investi- the precision on the locations and the orientations of the 

gating the closed brain injury risk, a vascular injection transducers, the number of channels appeared of primary 

method was developed by Got et al. (7) which allows the importance. These findings lead us to improve the meth- 

detection of capillary ruptures due to impact. Series of odology; as examples: 

drop tests were performed, head striking more or less --A RUNGE-KUTTA integration method with a con, 
padded surfaces, or wearing a helmet; Figure 3 recalls stant integration step was tested and eliminated; 
the durations. --A photographic method for measuring the angles of 

the accelerometers in the anatomic reference frame 
was implemented (rigid metallic rods replace the 

Table 4. Brain injuries distribution among 133 scannerised transducers just before the test, when photographs 
patients,* 

are made). 

Contusion Alone: .......................... 42 (31%) --Due to the number of channels available, the corn- 

Contusion Alone or Associated: ........... 72 (55%) putation of the accelerations can be made according 
Oedema Alone:.. ~ ..... 28 (21%) to several ways. So, one can check that results yielded 
Oedema Alone or Associated with are similar. Besides, a graphic display of the com- 
Sub-Arachnoidal Blood: .................... 38 (28%) puted head kinematics is obtained; therefore, a com- 
Oedema Alone or Associated with 
All Types of Brain Injuries: ................. 53 (40%) parison with the films is possible. 

Brain-Stem: .......................... 12 or 13 (10%) This method could not be systematically used in (7) 
Extra-Dural Hematoma Alone: .............. 5 (4%) 
Extra-Dural Hematoma Alone or but it was the case of (27), a more recent paper of the 

Associated: ................................ 15 (11%) same team. This explains the slightly different values 
Sub-Dural Hematoma Alone: ............... 5 (4%) which can be found for some same subjects, when corn- 
Sub-Dural Hematoma Alone or paring (7) and (27), this latter paper displays more data 
Associated: ................................ 13 (10%) points. 

*Mostly traffic victims. HIC computation interval was usually between 3 and 
This chart could be obtained in the framework of a research contract with 
the European Economic Community, 7 ms, i.e., closer to automotive needs. 
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--the comparison of the "cadaver tolerance" to that 
of a living person (28), 

--the scatter of individual tolerances, 
o 

--the difference between the threshold at which injury 

o appear and a "tolerance level", which is necessarily 
2~x ¯ higher according to the authors; as a matter of fact, 

authors assumed like L. M. Patrick (12) that the 
I o tolerance level corresponds to 50% of the population 

." ~ 
¯ ¯ considered undergoing an AIS > 3, when this pop- 

4,00 ----~-+--~ o ulation is submitted to the assaults corresponding to 
OO ~ 
~ ,A÷ the tolerance level. 
¯ ~ ~ ¯ 

~ 
o 

Besides, it was noted that facial impacts occurred with 
~o~o÷ %0 * ~ lower acceleration levels under conditions of impact for 

~ 
o ), which simulation by the rigid Part 572 head is unsatis- 

o, factory. This problem remains unsolved; however, the . 
more the impact force is distributed on a larger area, the 

closer to the skull tolerance is the facial tolerance (1), in 
~ ..... "~’~’ ..... ’ .... terms of applied force. 
~’"~ ~ ~"~ .... ’"~" Discussions and Conclusions of (27) in addition men- 

tioned that, among the considered parameters for ana- ~ A’i’s 
lysing the results of the sample of cadaver drop tests, i.e., 

~, ~ ,,.~:o Y max, 3’ 3ms, the maxima of angular acceleration and 
velocities, HIC gave the best explanation of the results 

Figure 5. Relationship between HIC/AIS (the whole HIC in terms of injuries. 
value due to impact). Drop tests, tnainly from (7) Discussion about the most validated criterion and the 
and (27), including reviews. most sound tolerance level are not terminated today in 
(,) HIC questionable. 8 accelerations only. Prob- the cases of pure skull impacts. However, even if HIC 
ably higher (1200 ?) 15130 were not yet evident, the case of the restrained 
(+) AIS 2.5, mean AIS 2 or 3. Better estimate 
impossible, occupant has to be considered now in order to examine 

(F) Skull fracture the differences between a direct head impact and a frontal 

collision, when both deliver a HIC 1500 value. 

So, authors in (7) were enabled to claim l:’or a threshold CASE OF RESTRAINED OCCUPANT 
of HIC 1500 for the appearance of AIS > 3 level brain 
injuries when skull is impacted and they wrote: "with 
regard to pure frontal impact without fraclures, it would 

Let us consider a car driver and a front passenger, 
submitted to the same frontal collision. Figure 7 shows 

seem that an acceleration pulse linked to an HIC ex- 
ceeding 1500 could be supported by the head of a living 

the corresponding head resultant accelerations in a typical 

person (...) without severe injury in t!~e majority of 
case, when two Part 572 dummies are used. 

Of course, if human beings were considered, instead of 
cases." dummies, the rationale would be identical. The head of 

Figure 5 displays a summary of the expe~f.mental results 
which support this conclusion. Figure 6 is an attempt to 

the driver underwent two impacts, one against the rim 

present them in terms of probability of occurrence of 
and the second against the hub of the steering-wheel. 

injuries, the severities of which reach a given level. Figures 
From the beginning of the collision to the head impact, 

T R for driver and passenger are similar. The increase of 5 and 6 take into a~..ount the human subjects of (27). 
In (7), the discussion of these results was fairly deep: the driver head severity index with the time, by a con, 

tinuous computation of yT2’~dt, is also drawn on the 
some of the points commented upon were:                Figure 7. 

--the detection of injuries:                             The first impact is accompanied with a small increase 
When oedema type injuries cannot be detected, one of the S.I.; the second one by a noticeable one, which lies 
may observe that the frequency of oedema alone is around 1000 S.I. units (A~(SI) on Fig. 7). This increase 
low among brain injuries (21%--Table 4). is not entirely due to the impact, as explained below. 

--the compatibility with results of the other teams What is the corresponding severity of such an impact? ..... 
using vascular injection (8) (11), which was checked, During the head contact, two sets of forces are acting 

~the comparison with dummy tests, that gives differ- simultaneously, i.e., impact forces and neck restraint 

ent results according to the test conditions, forces. (Fig. 4). 
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NUMBER OF SUBJECTS 
PROBAB IL ITY 

~ 

6 
10101091112963__ / 

- NO POINTS 

~IS~31 ’ / BUT EXCEPTION 
NO DATA                                                                  . / 

0.00 500.00 i000.00 1500.00 2000.00 2500.00 

Figure 6. Direct head impacts ¯ probability of exceeding a g~ven A.I.S. level versus HIC value ¯ 
Note: Each plotted point at HIC = X represents the tests with HIC included between (X-150) and (X +) 

more than 60 g’s, according to the passenger resultant on                       ~R -- ~ dt 

the Figure 7. 
With impact, a peak up to 170 g is reached, but only Returning to the example on Figure 3, during the du- 

a part of this deceleration is due to the impact. A geo- ration of the impact, the increase of S.I. due to the neck 

............ metrical addition of the forces is necessary at each instant, forces only is about 220; the S.I. due to impact forces 

The severity index (Gadd, 1) associated to the impact might be 650, e.g.; this latter value was estimated with 

alone, is: the following assumptions: impact forces perpendicular 
to neck forces, triangular shape of impact forces pulse. 

For illustrating the correctness of this argument and 
for confirming the order of magnitude of much evalua- 
tions, a mathematical model was used. It is a 2 D and 
10 degrees of liberty model, called PRAKIMOD. It was 

1~ Iml~t(RIM} ~’~lmp.,t(.l~l) already described at the 8th E.S.V. Conference (34). 
Here head on collisions were simulated. The occupant 

~r o,~ h,,~.~.,c, ~t~",,C~,2o5              aimed at is a P572 dummy wearing an automatic 3-point 
Severity index 

..... s.,l~ seat belt, with a gliding buckle. The characteristics for 

’~ ~’(G) ! the restraint are fairly good. All the data are as realistic 
!A2 as possible, according to available data from real cars. 
~e,~ 

However, the speed variation of the simulated vehicle 
"’T\, reached 65 kph, in order to get high HIC values; that 

¯ ~oo / ! ~, .,c~,o~ differs from full-scale testing. It seems that mathematical 

.,~ 

¯ modeling generally yields lower HIC than dummies. Be- 
sides the shortages of the mathematical simulation, such 

o , /7 ~ ,~’--~-- t(,,~ as a long and constant radius for the head trajectory, this 
may be due to the lack of a 3rd dimension and to the 

Figure 7. Typical head resultant acceleration: frontal colli- absence of any technological shortcomings which give 
sion--restrained dummy, acceleration discontinuities in dummy testing. 
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are cumulated, S.I. increases to 1328 and HIC to frontal scalp AIS 2, due to a steering-wheel radius, 
1111 for the whole pulse duration, one HIC 634 associated to a nose fracture due to 

Mathematical modeling confirms that the HIC, when the steering-wheel spider. 

............ computed for a restrained occupant with the occurrence This rises two head important problems: 
of a mild head impact, can reach high values without any 
correspondence with the severity of the blow, in terms of --Let one consider 2 cases of AIS 3 of restrained oc, 

injuries. By the way, mathematical modeling showed also, cupants, due to impacts against two different sur- 

by means of other runs, that a less et~cient restraint could faces; for example, a poorly padded hub and a fairly 

significantly diminish the HIC values, collapsible dashboard. The severity AIS 3 will be 

Coming back to full-scale testing with dummies, the reached, e.g., at 40 kph in the first case and at 60 

resultant head deceleration curve shown on Figure 3 is kph in the second one. The head accelerations in- 
duced by the restraint forces will be much higher in an example where 208-HIC value exceeds 1000 without 

exceeding 1500, and where recorded impacts are tolerable, the second case, and eventually the HIC value will 
be higher too. Such phenomena may explain, up to even if the most severe head impact protection criteria 

are used. As far as the thorax restraints are used, high a certain extent, some of the discrepancies between 

values of HIC can be recorded and can simultaneously the results of different teams. Besides, using less pad- 
......... ded cars in simulations or reconstructions may lead 

correspond to mild impacts. 
to lower HIC values at the same injury level. This One may object that human tolerance under these par- 

ticular loading conditions (i.e., impact occurring during points out the interest in the test conditions which 

a severe head movement) are not identical to the tolerance use as much as possible the environmental conditions 

to isolated impacts. That is a challenge for research. How- of actual cars, even if tolerances only are considered. 

ever, today, experiments with cadavers, in particular, can --The protection of the face is a particular and intricate 

be referred to. problem for which neither the skull and brain pro. 
tection criteria, nor the Part 572 rigid dummy faces 
are adapted. The use of a deformable face as de. 

EXPERIMENTS WITH RESTRAINED scribed by Tarri~re et al. (25) allows someone to 
CADAVERS estimate the risk of facial injury; a complementary 

....... criterion concerning the face would so be added to 
............... From the 18th Stapp, many experiments were reported the HIC which is related to closed brain injuries, 

which deal with the whole body restraint (WBR) of fresh 

unembalmed cadavers: Schmidt (13)(18), Cromack (14), 
Patrick (15), Cesari (16)(22), Fayon (17), Walsh (19), 

The cooperation between the Institute of Orthopaedic 

Researches in Garches (France) and Peugeot/Renault As- 
Alem (21), Schimkat (24). 

Tests where simultaneously a head injury detection was 
sociation made it possible to gather numerous related 

feasible on the cadaver by means of a vascular injection 
results; the corresponding runs were carried out in the 

method, and where HIC computation was achieved have 
framework of sundry researches and were mostly unpub, 
lished up to now. Among this data base, results were 

to be considered here. Besides, among these data, tests of 
selected according to the following criteria: 

belted occupants who sustained head impacts will be se- 
lected. --simulated frontal collision with a 3-point belt re- 

--Walsh (19) reports the case of the so-called subject straint 

CALMAN 2, who hits a steering-wheeL No face, 
--head impact 
--HIC value _> 1000. It was previously checked that brain and skull damage were found. HIC value 736 

in the sample, HIC < 1000 did not contain notice- on a lateral triaxial accelerometer. He reported also 
able head AIS values (superior to 2). 

in (20)other cases with head AIS 0, but low HIC 
values. At present time, these piled up tests are not fully proc- 

--Data from Alem, (21), as published in the proceed- essed as regards computerization. The number of recorded 
ings of the 22nd Stapp Car Crash Conference, are acceleration channels is indicated in the Table 5 which 
not complete (although they exist in other reports.) summarizes the results, Figures 11 and 12 complete this 

--Cesari did not publish HIC values associated to the Table; 3 HIC values are often given which are obtained 
injury data related to cadavers, except in particular from the accelerometers on right and left temples and on 
cases. One HIC 2412 case associated to AIS 0 for occipital bone respectively. It results in a better estimate 
the head for a driver is mentioned. His rationale was of the HIC value at the center of gravity, that everyone 
rather to relate measurements to the injuries of the can appreciate in a fourth column. 
real victims of the accidents that he reconstructed, These high values of HIC are mainly due to the high 
The same author, from another series of reconstruc- severities of these collisions. 
tions (23) reported one HIC 260 associated to a As a conclusion, in reported experiments, under the 
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nb oF cadaver" 
.............. ~es~s 

no head ~m~ec~ head irr~Dac~’s 

AI5 0 A!55~r !macroscopic 

~ , ~ ~njury 

Figure 11. Frontal Collisions: Cadavers restrained by a 3- 
point belt 50 kph impact speed 65 kph drivers. 

Figure 12. Frontal Collisions: Cadavers restrained by a 3- 
point belt 50 kph impact speed 65 kph--right 

conditions of a 3-point belt restraint in frontal impact, front passengers. 
I-I~C values up to 1500 (and slightly more) are recorded 
when a head impact occurs, without occurrence of any Otherwise the conclusions are doubtful. However, the 
AI$ > 2 head and neck injuries, dummy can mitigate the impact severity, relatively to 

human beings, in some cases. This rule is not an absolute 

EXPERIMENTS WITH RESTRAINED one. 

D U M M IES Patrick (12) released the results of" a combined program 
of accident investigation staged collisions and simulated 

These experiments are useful as far as an accurate injury collisions involving 3-point harnessed occupants in frontal 

reference is available, which can be asseciated to the collisions. 

results of measurements performed on the dummy. This With a Sierra 1050 dummy and velocities up to 40 

only condition is not sufficient. The rem~trk related to mph, the equation for the HIC was: 

padded and unpadded head impacts inside a car has also 
to be kept in mind. Some data are relate:l to series of HIC = 92.8 BEV -- 1789 

reconstructions, some others are related to individual ac- (BEV = Barrier Equivalent Velocity) 

cident cases. In this later case, particularly, one has to 
giving 1000 at 30 mph and 3130 at 53 mph. But there 

check the similarities between the impacts sustained by 
the dummies and by the cadavers or the real victims, 

were no AIS 3 head injuries in his sample: head injuries 

Table 5. Frontal collisions with 3 pt belted cadavers--cases of head impacts. 

HIC Type 
HtC H!C HIC mtni- impact 

Impact Stopping left right occi- mum ob- 
Test Test speed distance ,,/* * tern- tem- pital esti- Skull Brain serva- 

# Type ~kph mm Pl~ce Number pie pie bone mated AtS AIS tions 

10 sled + 64 660 [) 5 2011 3050 -- 1800 0 NI Forehead/hub 
car body 

126/1 sled + 65 1000 D 9 6816 1791 5952 1800 0 4 Forehead/hub 
car body 

2 sled + 50 480 D 5 >’1719 >’3314 1700 6 NI hub + rim 
car body skull basis circ. 

fract. 

1!5-I          car 50 900 D 6 -- 1623 2365 1500 0 NI forehead/hub + 
rim 

13 sled + 62 540 P 6 2340 3490 2100 6 Nt skull basis 
car body circ. fracture 

60.2 car/cart 60 P 9 2240 3460 2160 1900 2 NI forehead/rim 
oblique 

8 sled + 65 660 P 5 2100 2310 -- 1900 0 NI top of head/ 

car body dashboard 

117-4       sled + 50 505 rear 9 1945 1830 2640 1800 0 5 forehead/top of 

car body front 

seat; neck influ- 
ence 

124-2 sled + 66.5 1020 P 9 1790 1990 2765 1650 0 0 
car body 

126-2 sled + 65 1000 P 8 -- !585 2525 1500 0 0 
car body 

No Injuries Recorded Below 1500 

Abbreviations and Notes 

NJ. = No vascular injection, but no gross macroscopic injury in the mentioned cases. 

¯ = 2 components only. 

t = Each vehicle. 
¯ 
*i.e. = Number of correct acceleration measurements, after the test. 
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pelvis forward displacement. It resulted in a suffi- 
ciently low HIC; however, the webbing acted on the 

neck .during the collision. Below is another case: web- 
bing broke during the collision; due to the lack of head 
rotation, HIC remained at a low level. 

3. A protection criterion that matches the tolerance level 

~ 
H~d r,su~ton~ occ~t~ro~oo 

of the weaker population does not afford the maximum 
s~ =~,9~ overall protection benefit for the whole population at 

risk. Further work is needed in that field; for example, 

........... ,0- ~\ J.A. Searle (26) proposed mathematically an optimum 
........... between 50% and 80% of the median tolerance, for 

another similar problem. 
4. In all that precedes, the HIC computation which was 

considered, as a matter of fact, was like in US Standard 
208. This point is emphasized because several ways 
for computing HIC exist. However, the arguments of 
this paper show that only the impact phase of the 

~SI =,309 
~ ~ h~od ~,~=~5 deceleration pulse is likely to produce injuries. There- 

_._ ~× ~o~o× fore, an HIC computation limited to the contact phase 
between the head and a part of the vehicle interior is 
sound. It raises some technical problems which are in 
process of solution° 

5. Recent papers (31)(32) claimed for a correspondence 
between HIC 1000 and AIS 3. Their rationale is the 
following: accident analyses (33) allow characteristics 
recorded in a given type of frontal collisions to be 

~ t l~l        related to AIS values. 

iJ In parallel, the characteristics associated with the 
~00 

............ same particular type of accident (AC) can be translated 

Figure ~3. Example of low HIC with incorrect restraints-- in terms of "dummy loadings" and hence give a basis 
See text. for injury criteria. These DL (dummy loadings) are 

deduced from the characteristics of accidents by a 
simple two-dimensional mathematical model (10 de- 
grees of freedom), which is claimed to have been val- 
idated by full size dummy tests. The reliability of the 
results with regard to HIC may be contested. 

In accident data, there were 318 restraint occupant 
of all sizes with 178 having an AIS between 1 and 6 
for the head, of which 115 were AIS 1: There remains 
6 AIS 3, 9 AIS 4, 3 AIS 5 in relation to the "AC" or 
"EAC" (equivalent accident characteristics) which are 
used to define the dummy criteria. 

Even if all the characteristics of accidents having an 
influence were accurately recorded, the statistical basis 
is insut~cient. 

Even if the mathematical model is valid for a given 

accident or several accidents, the HIC is a function of 
a resultant acceleration which can only be poorly sim- Figure 13 bis. Low HICd with failure of the experimental 

prototype belt. (Corresponds to Figure 13, ulated. In effect: 
above). --the model is two-dimensional; 

--the mathematical simulation of the neck is not suf- 

such as a webbing breakage, HIC can remain below ficiently accurate in models (number or articula- 

1000. Figure 13 shows the results of 2 tests under the tions, reaction torque of the joints at the limit of 

same conditions as in Figure 7. Above, the restraint the range of motions, etc .... ). 
was concentrated in the upper part of the thorax by --the simulation of impacts can only be made with a 
raising the B-pillar anchorage point and allowing more perfect knowledge of the dynamic laws of load-de- 
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were separated from facial injuries; for these latter, there Further research, related to this topic, is needed; it will 

was a fractured mandible rated AIS 3. involve firstly accident data before any other development 

"It should be stressed that 3130 is a tolerable value", of transducers and dummies. 

was his conclusion, since he locates the tolerance at AIS As regards pedestrians, they are for the most part, hit 

3 level, on their side, when crossing a road. Their head strikes 

Of the already mentioned Cesari’s paper in 23rd Stapp generally a part of the vehicle, which can be the bonnet, 

Car Crash Conference (22) which deeds with accident or the windscreen surroundings. The head impact is a 

reconstractions, the following table, where the AIS 0 cases lateral one, where no problem with the neck arises, as it 

were suppressed, can be excepted, was told previously for a class of lateral impacts; the 

Each line corresponds to one reconstruction, situations of pedestrians and of side collisions victims are 

comparable. As regards pedestrians, the violence of their 

Head AIS Height H.I.C. 
head impacts are conditioned by the technology of the 

real victim real victim dummy dummy; with a suitable dummy, like a modified lateral 

2 1.57 293 impact dummy, the tolerance level previously defined 

3 1.85 450 applies, and therefore like for lateral impacts, the value 

2 1.63 2777 of 1500 not to be exceeded for HIC is reasonable. 
1 1.65 316 

DISCUSSION 
Only the case AIS 3 will be discussed here, because of 

the interest of this level of severity. "[he vehicle defor- 
1. HIC was often criticized as regards its correlation with 

mations "appeared slightly less important than those of 
injuries. One of the most comprehensive study was 

the actual accident"; some differences in the heights of made by Newman (3). He found the absence of cor- 
the victim and of the dummy can be also noted. These 

relation between numerous HIC values and corre- 
facts are not a criticism; they emphasize the paramount 

sponding AIS levels. 
importance of every detail to achieve an accurate repro- 

However, the reported cases encompassed a lot of 
duction. Belt slack, driver’s position, sl:eering wheel ori- 

different surrogates and many types of accidents; one 
entation and so on. Consequently, comparisons of similar 

can find simultaneously tests using obsolete dummies, 
samples of real accidents and of simulations may be useful 

cadavers and mathematical modeling. Correspond- 
to get some ascertainty. This case needed to be confirmed 

ences may exist, if they do, between one type of sur- 
(by the way, the cadaver HIC in a simiiar reconstruction 

rogate which undergoes one given type of accident, 
previously noted was 2412, associated :o AIS 0). and the associated AIS value, given by one method. 

KOB reconstructions (23), as regards frontal collisions, 
Here a HIC/AIS correlation was never claimed; 

display the results of 2 accidents which were recon- 
only a threshold in the cases of a very large majority 

strutted three times with dummy and ~’ith cadavers. Un- 
of impacts was proposed. 

fortunately, the severities of the real ac,:idents are rather 
2. In frontal collisions, some prefer HIC I000 to HIC 

low and no head AIS > 1 can be clailned. 1500 because their opinion is that HIC I000 offers a 
Reported experiments with restrained dummies do not 

better protection. If the limits concerning body load. 
display sut~cient data to suggest a modification of HIC 

ings could be managed independently, it could be right. 
1500 statement. 

As a matter of fact, the results of measurements made 

on the sundry body segments of a dummy are not 

OTHER TYPES OF SEVERE ~IEAD ACCEL- independent; therefore, the overall protection offered 

ERATIONS IN TRAFFIC ACCIDENTS by all the criteria gathered has to be considered firstly. 

Without considering the dummy, many possibilities 

They are mainly due to lateral collisions and to acci- exist which decrease the HIC value in one given test 

dents involving pedestrians. In lateral collisions, one can while lowering the overall safety level in the majority 

distinguish 2 types of circumstances. On one hand, when of collision circumstances: concentrating the restraint 

the head strikes a part of the side w.’dl and is mainly forces on the upper part of the thorax, making these 

decelerated by this impact; on the other hand, when the forces as high as tolerated or, on the contrary, defining 

head undergoes no impact, what gives the whole loading a very weak restraint which prevents the head rotation; 

to the neck. one can also increase the trend to submarine and the 

In case of impact, and with a sufficient pressure dis- severity of knee impacts. It emphasizes the interest of 

tribution, the tolerance level previously applies and an a complete and homogeneous set of injury criteria. 

HIC 1500 is reasonable; the use of a con’ect lateral impact Besides, the 2 above mentioned kinds of methods 

dummy prevents from any transpositio~a problem. When for diminishing the HIC work properly, except as re- 

no impact occurs, a neck tolerance problem may arise, gards ,safety. More, if a failure of the restraint occurs, 
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flection of impacted surfaces, and this in the direc- Crash Testing", in 24th Stapp Car Crash Conference, 
tion of movement. 1980, SAE. 

----effects due to intrusion, and steering wheel displace- 4. A. Eiband, "Human Tolerance to Rapidly Applied 
.......... merits are not properly simulated. Accelerations: a Summary of the Literature", NASA 

Memorandum 5-19-59 E, June 1959. 
By the way, it was noted here previously that mathe- 

5. C. W. Gadd, "Tolerable Severity Index in Whole- 
matical modeling seemed to yield lower HIC values than 

Head, non-Mechanical Impact", in 15th Stapp Car 
full-scale testing. 

Crash Conference, 1971, SAE. 
These inexactitudes lead to errors even in supposing 

6. V. R. Hodgson, L. M. Thomas, "Comparison of Head 
that, at the top of the thorax, the impact of acceleration 

Acceleration Injury Indices in Cadaver Skull Frac- 
is perfectly simulated. It will be remembered furthermore 

tures", in 15th Stapp Car Crash Conference, 1981, 
that a variation of 17.6% of acceleration figure modifies 

SAE. 
by 50% the HIC for the same time period. 
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Possible Positions and Postures of Unrestrained Front-Seat Children 
at instant of Collision 

F. MONTALVO, R. W. BRYANT and as being representative of the expected child positions. 

H. J. MERTZ An estimate is given that~ of the 149 small children (in- 

General Motors Corporation fants through four years old) expected to be unrestrained 

front-seat occupants in collisions of sufficient severity to 

deploy an inflatable restraint system per million car-years 

of exposure, 51 of them will be in one of these 13 positions 

near the instrument panel at the instant of collision. 

The development of any front-seat passenger inflatable 

restraint system should consider the added deployment 

forces applied to occupants who may be close to the INTRODUCTION 
instrument panel at the time of deployment. A major 

factor influencing occupant position and posture is the Animal studies (1, 2, and 3) have shown that there is 

effect of preimpact braking which often occurs prior to a potential for serious head, neck, thorax, and abdomen 

the collision. Most susceptible to preimpact braking are injuries when animals are placed close to the instrument 

small, unrestrained children who can move off the front panel and a passenger inflatable restraint cushion is de- 

edge of the seat during hard braking and be near or against ployed. In order to assess the performance of various 

the instrument panel in a variety of different positions inflatable restraint system concepts relative to these po- 

and postures at the instant of collision. Ba~,~ed on an anal- tential injury modes, knowledge of expected child posi- 

ysis of hard-braking tests conducted witlh anesthetized tions and postures near the instrument panel at the instant 

baboons and child dummies, 13 positions are identified of collision is needed. This paper describes how estimates 
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of reasonable child positions and postures were deter- Table 2. Front-seat ride positions of children tess than one 

mined, as well as a procedure that was used to estimate yeare old based on ORC survey (4) 

the number of children who would be expected to be in 
.......... each of these positions at the time of deployment of an ORC build ~o~atin~ of Child on Direction 
........... inflatable restraint system per million car-years of ex- Line c .... Poot~ro is on s~t/Ploor O’Clock Uack Is to ~ Positinn 

i 59 Sift i~g Lap Rearward 10130 Person Dow~ 
~" 2 56 Lying Lap Rearward Up Person Do~n 

3 52 Sitting Lap Rearward 12100 Person Down 
4 17 Sitting Lap Rearward 6:00 Nothing Dow~ 
5 17 Sitting Seat Rearward 12100 Seat Down 
6 14 Standing Lap Rearward 6:00 Nothing 

CHILD POSITIONS AND POSTURES NEAR ~ 13 sitting Lap ~ ..... d lg:00 No~hing 
8 12 Standing Lap Rearward I0:30 Person Dow~ 

INSTRUMENT PANEL 9 8 Lying Seat R ...... d Up Seat Down 

i0 8 Lying Lap Rearward Down Nothing Up 
ii 7 Kneeling Lap Rearward 6:00 Nothing Down 
12 6 Sitting Seat Rearward 9:00 Nothing Down 

Child positions and postures near the instrument panel 13 4 Sitting Seat ~id i~:O0 e ..... 
(Between adult’s legs) 

14 4 Sitting Seat Rearward 9:00 Person Down 
at the instant of a collision are dependent on the riding l~ 4 Standing Seat Mid 6:00 Nothing Do~ 

positions and postures of children and the degree of preim- ~6 3 sitting Seat P ..... d 12100 Nothing Down 
(Legs over edge of seat with adult’s hands around waist) 

pact braking that occurs prior to the collision event. Es- 11~ 
3 Lying Seat Mid Down Nothing Up 
2 Sitting Floor Rearward 1:30 Person Do~rn 

19 2 Standing Lap Rearward 12:00 Person Down 
timates of child riding positions and postures were 20 2 Kneeling t~p R ...... d 10:30 P ..... 

obtained from a report prepared by Opinion Research ~ i 

Sitting Seat R ...... d 1130 Seat Down 
Sitting Lap Mid 12:00 Seat Down 
(Adult sideways on seat with legs folded, facing two o’clock) Corporation (ORC) under a contract with the National 23 1 sitting Lap R ...... d 9:00 Door 

Highway Traffic Safety Administration (NHTSA) (4) ~ 1 Standing gent R ...... d 121oo seat Do~ 
¯ 25 i Standing Seat Mid 10:30 Person Do~ 

(Between adult’s legs) The repo~ summarizes the observations that were made ~6 i Standing Lap Mid 12100 Nothing 
of child occupants during a survey of cars stopped for ~7 1 

<Adult holding infant’s bal .... ) 
Kneeling Seat Rearward 3:00 Nothing Down 

.............. traffic lights in 19 metropolitan areas from July to De- ~s I Kneeling Lap Mid 12:00 Seat 
(Adult sideways on seat with legs folded, facing two o’clock) 

29 i Lying Seat Rearward 12 :O0 Seat Down 
30 i Lying Floor Rearward 10:30 Seat 

(Lying on left side with knees on chest--folded upward) 

Table 1. Front-seat ride positions of one to four-year-old ~1 1 Lying Lap R ...... d 12100 Person Down 
(Ou right side) 

children based on ORC survey (4) 

ouo CUild O~ild o~ ~i ....... cember 1979¯ The data collected for each child occupant 

1 $31 si~ing s ......... d i2100 ...... included: age, sex, seated position, posture (sitting, stand: 
3 ~os .... d ............. 1~:o0 .... ing cp. ~ds on ~!P ing, etc.), occupant location (on seat or floor), orientation 
s g9 s±ttins soot ~ ..... d 11s0 ~thing ~. hand .... /P of the occupant’s knees (facing forward, biased left or 
7 80 S~andin ...... ±d 3:00 Nothing Up, hand .... ill right), and usage of restraints. Table 1 summarizes the 
9 S1 ~neellnS Seat Mid 3:00 Nothing ~p, ~od .... ill results of the survey for unrestrained, front-seat children 

Ii 27 SittLng S .......... d i0:30 .... Do~. estimated to be one to four years old. Described in the 

l~ 2~ ...... g s ..... d 9:oo Do ..... table are the child’s posture; whether the child was on 
16 i6 st~d~g ~,p .id 6:o .... hiog Do~ the seat or on the lap of another front-seat occupant; the 
lg 12 Kno~ling so~t P ..... d l~:00 ~othing ~, ho~ds o~ ~/P orientation of the child’s knees; and support of the child’s 
20 i0 Lying Seat R ...... d Down Nothing Up back. The positions of the child’s arms were assumed. 
~2 g ~eo~ing ~ ,~d ~,ooi13° ......... ~o~o~ ~. ~dh~ .... .... ill~ The b hild b d i h p iti i gi num erofc reno serve neac os on s ven. 
24 6 K~eeling Seat R ...... d 12100 Seat Down The table is ordered by frequency of observed child po- 

27 4 Lying Lap Mid ...... hing Do~n3 sition with the more-frequent position listed first. Each 
28 3 Sitting Lap Mid 9:00 Door Dow~ 
29 3 Standing Floor R ...... d 12:00 Seat Down child position is ass.~,ned a line number for ease of ref- 
si s ~oling s ..... d 9:00 Door DO~ erence. Table 2 is a similar summary for unrestrained, 
~3 ~ sit,ins s .... d 12100 P ..... Do~ front-seat children estimated to be less than one year old. 
34 2 si=~ins s ..... d 101s0 ...... Do~ A total of 1604 unrestrained, front-seat children, ranging 

(T ...... isted ..... d driver) in age from infant to four years old, were observed. Thir- 
( ....... isled ..... d driver) teen hundred were one to four years old and 304 were 

ss i si~ing F1 ......... d l~:O0 .... Do~ 
Fifty ~ i ...... g ........... d ....... h .... less than one year old. -one different positions were 

~l ......... 1 ........... 10:s0 ......... observed for the older children, and 31 positions were 
~ 1 s .......... d 1~:o0 ...... noted for the younger children. 
~3 t .... ding s ..... d 12,00 P ....... To aid in determining the possible positions and pos- 
44 1 Standing S ......... d 10:30 ...... Do~ra 

tures that children in these various riding positions could 
47 1 Kneeling ..... id 10:30 P ..... ~o~ be forced to assume as a result of preimpact braking, a 
49 1 Knool±og La~ .Id l~:00 Se~t Do~ series of hard-braking tests was conducted using anes- 
so 1 Kneeling La~ P ..... d 12:00 No~hing ~p, haodo o~ ~/~ thetized baboons and a child dummy that were repre- 

~o ...... i ....... d) sentative in stature and weight of a three-year-old child. 
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The results of these tests are described in a paper by ~ 

Stalnaker, et al. (5). The various child surrogates were 
placed in the high-frequency riding positions noted in 
Table 1, and their trajectories in response to hard braking ro~o AND/O" HEAO TO THE 

were determined by analyzing high-speed movies of the 

braking,~ ~,o..~...oevent" Based on these analyses, 13 child positions 

zs 
were identified as being representative of reasonable child 
positions near the instrument panel. Characterizations of e~aa~0~mo~FACINI~IAL~OATII~I’UOE~90’CL0~Ig~THE 
these positions are shown in Figure 1 and are denoted as ~ot 

the ,,7.u^o;~;^,o,,. 
ZgmE 

NUMBER OF CHILDREN IN THE VARIOUS 

In order to determine the number of children that may 
ZiO 

be in any one of the 13 Z-positions at the instant of 

1. N = Num~r of unrestrain~, front-seat 
cFfitdren that can be exacted to be in 
collisions of su~cient severity to deploy ,~.,~ ~o~ 

$~lP. A~ k~ L~ ~s Z13 
~RE ~T F~ ~ ~ ~S ~mON ~LUDES 

,OT,~,, ~.,~z~ Figure 1. (Continued), Thi~een child positions (Z-positions) 
identified as reasonable positions for children near 
the instrument panel at the instant of collision. 

~ inflatable restraint system, per mfi- 

~,~ ~ ~,~Y~v~ .~o~ 

~ 

lion car-years of exposure. 
~,~ ~E,~ T~’~ ~ 2. (~ ---- The relative frequency of each fide po- 
,~.~ ~r,~ ~.,~ 

~ 

sitions identified in Tables 1 and 2 for 
~*~’~ ~’~ ~*~’ ~ infant through four-ye~-old children. 

z~ 3. ~ZI)~j = The probabilities that a child will be in 
~ ~ ~ ~,~ 

~ 

vaNous Z-positions at the ~stant of col- 
~a~ ~ ~ ~ lision for each fide position. 

With thee estimates, the number of children exN~ted to 
be in a Nven Z-position can ~ eNculated by, 

reasonable ~osR~ons Ior ~h~l~ren near th~ ~nstru- 
merit 9ariel at the ~nstant oI e~llisi~n. Nz~ = ~ (~ ¯ N ¯ (PZI)~ 
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Estimate for N braking. A search of these data files produced 1633 ac- 

An estimate for N can be obtained by multiplying the cident case cars where information concerning any ac- 

number of collisions that would be of sufficient severity cident-avoidance maneuver was given, as well as traveling 

to deploy an inflatable restraint system per million car- and impact speeds. Of these 1633 case cars, a total of 

years of exposure, ND, by the probability of a child (infafit 1061 (65 percent) had "brake" or "brake and steer" coded 

to four years old), Pc, being in such an accident, as an accident-avoidance maneuver. 

The velocity changes noted for the various accidents 
N ---- ND ¯ Pc were used to estimate the corresponding braking times 

Accident data from the GM Motors Insurance Cor- by assuming that the average deceleration level was a 

potation (MIC) file were used to estimate ND and Pc. constant 0.75 g’s. A curve, estimating the probability that 

Photographs of car damage were used to estimate the an accident, which is severe enough to deploy an inflatable 

number of collisions (MDc) that might have resulted in a restraint, would have various levels of preimpact braking, 

deployment of an inflatable restraint system if such a was generated and is shown in Figure 2. Note that this 

system had been installed in the cars. A deployment-type curve reflects the previous observation that 65 percent of 

collision was defined as an accident where the primary these accidents will have some level of preimpact braking. 

direction of impact was between ten and two o’clock with Estimates of the times that a child enters and leaves a 

an estimated equivalent barrier speed of 12 miles per hour given Z-position, after the start of braking for each ride 

or greater. For these types of collisions, the number of position, were based on analysis of the kinematics of 

front-seat children (Me), infant to four years old, were anesthetized animal tests by Stalnaker, et al. (5), which 

counted. N was estimated by projecting MDc to a million were used to identify the various Z-positions. The animal 

car-year exposure based on an estimate of the frequency tests showed that the fore-aft seat position had a major 

influence on the resulting Z-positions and the times that of occurrence of injury accidents per million car-years. 

This calculation gave an estimate for N~ of 3732 deploy- the animals entered and left a given Z-position. Since the 

merits per million car-year exposure. Pc was taken as the Opinion Research Corporation report (4) did not specify 

ratio of Mc divided by MDc, or 0.040. Using these values the seat position for the various ride positions, it was 

for ND and Pc in the above equation, N was estimated assumed that their observations were equally divided be- 

to be 149 unrestrained, front-seat children (infant to four tween seat full forward and full rearward. Once estimates 

were obtained for the times a child would enter and leave years old) involved in collisions of sufficient severity to 

deploy an inflatable restraint system, per million car-years the various Z-positions for each fide position, the cot- 

of exposure, responding probabilities that an accident would occur 

during these times were obtained from Figure 2. 

Estimate for (F)Rpj 
Estimate of Nz~ 

The relative frequency of each ride position was cal- 
The data used to calculate Nz~ can be visualized as a 

culated by dividing the number of children observed in 
matrix of 13 columns and 164 rows as shown in Table 

a given position (see Tables 1 and 2) by 1604, the total 
3. Each column represents one of the 13 Z-positions. Each 

number of children observed. 

Estimate for (PZI)Rpj 
To determine the probabilities that a child would be 

in various Z-positions at the instant of collision for each 

ride position, estimates of the frequency and duration of 
O.70q 

preimpact braking and the times that the child would 

enter and leave the appropriate Z-positions during the 

braking event for each fide position had to be obtained. 0.~0~ 
The Cornell Aeronautical Laboratory (CAL II-A, CAL 

II-B), Highway Safety Research Institute (HSRI), and 

Oakland County, Michigan (OAKLAND) Multi-Disci- 

plinary Accident Investigation-level (MDAI) data files 

were used to estimate the relative frequency of preimpact 0.,0~ 
braking (FPIB) in deployment-type accidents. These ac- o,. -~--~ ¯ 
cident data f’des contain information on preaccident trav- , ......... 

eling speed, as well as v~hicle speed at impact. The 

difference between these two speeds was assumed to be Figure 2. Probabilities that deployment-type accidents have 
the vehicle slow-down speed as a result of preimpact various amounts of pre,mpact braking. 
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Table 3. Format used to calculate the number of children expected to be in each Z-position at the instant of collision 
for deployment-type accidents per million car-years exposure. 

Estimated 
ORC 

Children/ Number of 
Total 

Children 
FactOrseatfOr                          Possible Child Positions Near Instrument Panel, NZI Not in 

Line Children 106 C-Y Position ZI Z2 Z3 Z4 Z5 Z6 Z7 Z8 Z9 ZIO ZII ZI2 ZI3 Proximity 

331 0.O414 0.0575 0.1475 0.7536 
1 

1604 
149 0.5 

0.636 0.884 2.268 11.586 

109 0.0290 0.0683 0.0417 0.4570 0.4040 
2 

16~ 
149 0.5 

0.147 0.346 0.211 2.314 2.045 

106 0.5176 0.4824 

1604 2.548 2.375 

95 0.0380 0.0684 0.1154 0.7782 
~ 

1604 
149 0.5 

0.168 0.302 0.509 3.434 

89 0.0686 0.1803 0.2700 0.0487 0.4324 
5 1604 

149 0.5 
0.284 0.745 i. I16 0.201 1.787 

i 1.000 
164 

1604 
149 0.5 0.046 

Totals (NzI and Not in Proximity)    9.539 1.443 3.445 9.506 2.541 1.586 5.435 1.841 0.213 3.269 0.176 8.557 3.158    98.389 

row represents one of the possible 164 ride positions (82 and 0.509, respectively. These types of calculations were 
ride positions for seat full forward and 82 ride positions carried out for each of the 164 lines. 
for seat full rearward). An estimate for the total number of children expected 

To illustrate how Table 3 was developed, consider Line to be in a given Z-position was obtained by adding the 
4. According to Line 4 of Table 1, 95 of the 1604 children number of children in the corresponding Z column. The 
were observed in this position. And in Table 3 the "149 results of these summations are tabulated at the bottom 
children per million car-years" is the value of N discussed of each Z column. For example, it is estimated that there 
previously. The factor, "0.5", accounts for the assumption will be 9.539 children (infants through four-year-olds) in 
that half of the 95 children were sitting on seats that were the Z 1 position at the instant of collision per million car- 
full rearward. (There will be a separate line for the cal- years of exposure. 
culations assuming the seat was full rearward.) The top The results of these calculations for each Z-position 
line numbers for Line 4 under the various Z-positions are summarized in Figure 3. Note that the most-frequent 
represent the probabilities that the child will be in each Z-positions are Z1, Z4, and Z12. The least-frequent are 
of the various Z-positions at the time of collision. For Z9 and Z11. Also, note that of the 149 unrestrained, front- 
this ride position, it was estimated that the probabilities seat children (infant through four years old) who are 
of a child being in the Z1, Z2, or Z3 position at the time expected to be in accidents that would be of sufficient 
of collision are 0.038, 0.0684, and 0.1154, respectively, severity to deploy an inflatable restraint system per mil- 
The probability of a child being in any of the other Z- lion car-years exposure, a total of 51 of them are expected 
positions is zero. The last column of the table gives the to be in the proximity of the instrument panel at the time 
probability that the child will not be in any of the Z- of collision. 
positions (not in the proximity of the instrument panel) 
at the time of collision and is 0.7782 for Line 4. The 
numbers under the probabilities for Line 4 are estimates DISCUSSION 
of the number of children (infant through four years old) 
that can be expected per million car-years of exposure. Several difficulties were encountered in identifying pos- 
These numbers were calculated by multiplying the various sible positions and postures close to the instrument panel 
probabilities by the frequency of the ride position (95/ of unrestrained, front-seat children at the instant of col- 
1605 × 0.50) and the number of children (149 infants lision and estimating the number of children expected to 

through four-year-olds) expected to be in accidents of be in each position per million car-years of exposure. The 

sufficient severity to deploy an inflatable restraint system accident data files used to estimate preimpact braking 
per million car-years of exposure. Thus, for Line 4, the times gave only estimates of velocity changes. Any error 

number of children per million car-years exposure ex- trend in these estimates will affect the shape of the curve 
pected to be in Z1, Z2, and Z3 positions are O. 168, 0.302, of Figure 2 and, consequently, the probabilities used for 
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~ ~ ~i tem, if the cars were so equipped. In these accidents there 

.~~ ~ ~k 
~x~ ~ ~ 

would be 149 unrestrained, front-seat children ranging in 

~ 
.~. ages from infant to four years old. Of these children, 51 

/.1 /~ ~x/....~~ ~ ~x ~, ~                       /a of them would be close to the instrument panel at the 
z, z2 z3 time of collision, either due to their initial ride position 
,o.c.~ ,o~.~ ,o.c.~ ,o,~., or due to preimpact braking. Thirteen positions and pos- 

~ ___.~ ’ ~ tures were identified as being characteristic of reasonable 

~~~" ~j ~~t ~,.~:~ 
~ 

child positions close to the instrument panel at the instant 
, of collision. Estimates of the number of children expected 

to be in each position, per million car-years of exposure, 
are given. This information should be useful in assessing 

,~.y ,~.y ,o~-~ ,~-, the performance of various passenger inflatable restraint 

~~ 
concepts relative to the question of the potential of injuries 

~~./l ~~ 
~.~ 

to children who may be close to the instrument panel in 
" a collision where an inflatable restraint is deployed. 
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Frontal Impact Component Test Evaluation of Current 
Anthropomorphic Test Device Technology 

ROGER A. SAUL 2. Component Level Evaluation--As described below, a 

National Highway Traffic Safety series of tests were conducted on the various dummy 
body components. Administration 3. Dummy Calibration Checks--The dummy calibra’ 

Vehicle Research and Test Center tions were checked following the component level 
East Libel, Ohio testing. 

4. Systems Level Evaluation---A series of HYGE sled 
tests are being conducted in 3-point belt restraint and 
distributed loading systems. The dummies are also 

This paper presents the component test results of a being tested in an unrestrained environment. 

program designed to evaluate frontal impact anthropo- This paper discusses only the component level evalu- 
metric test device hardware and instrumentation advance- ation results. 
ments which have been made since the development of 
the Part 572 dummy. In addition to the Part 572, the 
GM Hybrid III and Association of Peugeot-Renault dum- TEST MATRIX DEVELOPMENT 
mies are included in the evaluation. The component test 
results presented in this paper describe the temperature Biofidelity, repeatability, and reproducibility are, of 

sensitivity, biofidelity, repeatability, durability, and sym- course, the primary factors of consideration for dummy 

merry claaracteristics of the dummies in frontal impacts, evaluation. It has also been shown that the dummy re- 
sponses may be sensitive to temperature (3), impact ori- 
entation (4), and age of the ATD materials (3). 
Reproducibility (comparative response of multiple ATDs) 
and material aging were not included as factors in estab- 

The Part 572 dummy was standardized as an auto- lishing the test matrix for this study. 
motive test device in the early 1970’s. It is specified as The component test matrix to evaluate dummy biofi- 
the occupant for Federal Motor Vehicle Safety Standard delity was constructed to assess the dummy frontal per- 
208 frontal rigid barrier crash testing; and has also been formance through a series of tests which, although 
used in frontal research, development, and evaluation pro- 

relatively simple, could be directly compared to the bio- 
grams. This dummy represents the "state-of-the-art" in mechanics data. A review of the literature published since 
hardware development, instrumentation, and associated 

standardization of the Part 572 was made to establish 
injury c~teria at the time FMVSS 208 was issued. An- 

these biomechanics performance criteria. Those shown in 
thropomorphic test device (ATD) technology has ad- Table 1 were selected as being the most appropriate for 
var~ced in several areas since that time due to the effort 

component test comparisons, but it should be noted that 
a,’~d resources invested by private industry, the National 

these are largely based on cadaver testing. While the 
Highway Trat~c Safety Administration, and foreign gov- 

similitude of the cadaver to the living human has not 
eruments. The purposes of this program are: 

been established, the cadaver data have generally been 

i) to evaluate current dummy hardware and instrumen- accepted as the best available data for biofidelity. A recent 

tatio~a technology, and paper by Patrick (5), however, would indicate that there 

ii) to select a dummy for use in Agency research, devel- are differences between cadaver thorax response and hu- 

opment, and assessment programs, man response. It should be recognized, therefore, that the 
component test evaluations of the dummies for biofidelity 

Two dummies, the GM Hybrid III (1) and the APR’81 
will actually be a determination of fidelity to cadaver 

(2) (Association of Peugeot-Renault), have had the most 
based data. 

significant advancements. These two and the Part 572 are The sensitivity of dummies to temperature variations 
included in this evaluation program. The project is com- was investigated by Seiffert and Leyer (3) through a series 
prised of two evaluation phases: component and system of component calibration and full system sled tests with 
level. The approach being taken is as follows: the Part 572 dummy in 1975 over a temperature range 

1. Initial Dummy Calibration--Each dummy was thor- of 68-140"F. Significant dependencies of the calibration 
oughly tested prior to evaluation testing to ensure that test results were observed over this wide temperature 

it had been manufactured according to its specifica- range, and the dummy motion was found to be different 

tions, in the system tests. One of the conclusions made by Seif- 
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Table 1. Summary of Biomechanic Performance Criteria the course of testing, however, and this became a factor 
Sources. in evaluating the dummy performance. 

To summarize, the component test matrix was designed 
Subject 

~o~y Response to evaluate the Part 572, APR ’81, and Hybrid III dum- 
....... Region    ~ .... t~ata CoUe~t~o.~ ~etbodo~ogy M .......... ts 

mies for biofidelity, temperature sensitivity, symmetry, 

Head Hodg .... t. al. ~hole cadaver pallet drop tests; Resultant repeatability, and durability. Tests were conducted on the 
(6~7~8) head impacts to load cell Head 

Acceleration head, neck, thorax, and knees (femurs) to evaluate these 
factors. Since the APR ’81 dummy differs from the Part 

Neck Mertze~.aL ~holecad ...... dvolunt .... led M .... tabour 572 in the thorax only; the APR ’81 head, neck, and 
(9) I 0) tests in flexion and extension Occipital Condyle 

Hea~S’Rotation femur responses on the component level were assumed 
~ to be identical to the Part 572 responses. The component 

Thorax Neathery Whole cada~e~ ~igid pe~dol~ ,~,pact For~e test matrix is summarized in Table 2, showing the dum- 
(11) impact vs. Sternal 

~|ect~oo mies used and the evaluation factors considered by each 
test series. 

Femur Horsch et. al. Rigidly mounted cadaver femur Peak Impact 

(l 2) and lower legs Force 

TEST PROCEDURES 

fert and Leyer was that a temperature range should be 
Prior to conducting the component test series, the Part 

specified for restraint system crash tests. Most of the crash 
572 and Hybrid III dummies were calibrated. Post-test 

tests conducted by the NHTSA specify that the temper- 
calibrations were conducted upon completion of the com- 

............. ature of the dummy be stab~zed at a level between 66 
ponent tests. The APR dummy was subjected to 14 and 

................ and 78°F (13,14). Consequently, dummy response varia- 
22 fps thorax impact tests before and after the component 
tests. Since calibration specifications are not available for 

tions due to temperature within this range were of primary 
the APR device, it was assumed to be in "calibration’: 

concern in the present study. Temperature sensitivity tests 
were conducted on the dummy head and thorax sections 

The dummies were soaked at the test temperat~e for a 

at three temperatures; those being 72°F as the median, 
minimum of four hours prior to testing, The t~perature 

and 65 and 80~F taken for the extremes, 
gradient in the dummy was monitored with the~ocou~ 

The effect of impacting the Part 572 dummy head, 
thorax, and knees at various angles to determine response 
differences was reported by Daniel, et al.(4). They found Table 2. Component Test Matrix. 
that the dummy responses in these body regions could Eva~oatioo Pacto~ S~ ........ 

y’~n ~m~o~ Vested 

vary significantly depending upon the impact orientation. R~p~t- Sio- Sensi- Part APROD Hybrid 
...... Of particular interest in the present study was the indi- Test Series ability fidelity tivity 

.... cation that the dummy response was not necessarily sym- Head Drop X X X X 
8.~ fps 

metrical (i.e., the response resulting from an impact at a Head Drop X X X X 
6.3 lp6 

certain angle was not duplicated when the dummy was 
Neck Extension 

X X X X 

impacted from the same angle on the opposite side). A1- Mi~-sled ~ ~ 
Neck Flexion 

X X X X though the dummy response resulting from one angle Mini-sled 32fps 
should not be expected to match the response from an- Thorax Impact 

X X X X X X 
1# f~, 72°F 

other, it is not unreasonable to expect the dummy to Th .... Impact X X X X X 
perform symmetrically. Evaluations of the dummy sym- 

~0 f~, ~o~ 
Thorax Impact 

X X X X X 
metrical properties were made by conducting impacts to 2zf~, 

o 
X X X X the head, thorax, and knees at an angle of 15 orientation Knee Impact 

from both the left and right side of the dummies, Knee Impact 

Repeatability was evaluated by repeating each test for Head Impacts 
biofidelity, temperature sensitivity, and symmetry three ~’~ ~’ ~oF 

x x x x 
Head Impacts 

X X X times for each of the dummies. Although it has been ~.~ f~, 7~°F 
Head knpacts suggested that a relatively large number of repeat tests 7.s f~, ~O°F x x 

I x 
x 

may be required to provide a statistically adequate sam- Th .... Impacts X X 

piing (15), the component test environment is relatively rh .... ~,,~p~ts 
simple and not as susceptible to test set,up variations as l~ f~, s0o~ x x 

Head Impact 

more sophisticated testing might be; z.~ ~, _+~o x 

Specific component tests to evaluate the durability of Th .... ~,~c~ x 
the dummy components were not included as a part of ,, Knee Impact 
the test matrix design. Damaged parts were noted during L ~ ",~ ~ ~° , x [ 

i 
× 
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to impact with the dummy. The ram impacting surface 
was 6 inches in diameter. The dummies were positioned 
such that the orientation of the head relative to the im- 
pacting surface was identical to the calibration specifi- 
cations (i.e., the forehead was the impact location and 
the dummy nose was ~ inch posterior). The test set up 
is shown for a Part 572 in Figure la. The dummy posi- 
tioning for the head symmetry tests was the same as 
described above, except that the seat was rotated ---15° 
and then translated to allow the contact point of the 
dummy to occur on the piston centerline (see Figure lb). 

The linear transfer pendulum was also used to conduct 
the thoracic impact tests. The temperature sensitivity, 
biofidelity (72°F temperature baseline), and symmetry 
tests were conducted at nominally 14 fps impact velocity. 
Biofidelity tests were also conducted at 20 and 22 fps 
impact speeds. The dummy thoraxes were positioned as 

Figure la. Fully atligned head impact set up. 
specified in their respective calibration procedures. The 
set ups are shown in Figures 2a and b for the Part 572 

Figure lb. Symmetry test hard impact set up. 

Figure 2a. Thorax temperature sensitivity and biofidelity test 
set up. 

ples placed in the dummy head and thorax for the tem- 
perature sensitivity tests to ensure stabilization at the test 
temperature. Except as noted below, all data were analog 
filtered at SAE J211 Class 1000 and digitized at 8000 Hz. 
The data were then digitally filtered to the appropriate 
SAE channel class. Specific details of the various test 
series are described below. 

The head drop tests to assess the dummy head biofi- 
delity were conducted using a Part 572 head calibration 
fixture. ".[’he procedure was identical to the calibration 
procedure except fbr the drop height. The 8.4 fps impacts 
were dropped from a height (measured between the rigid 
surface and the dummy forehead) of 13.15 inches. The 
6.3 fps impacts were dropped from a 7.4 inch height. 

A linear transfer pendulum was used to impact the 
dummy heads for temperature sensitivity and symmetry 
evaluation. The impacting velocity of the 51.5 lb ram was 
nominally 7.8 fps and measured by a light trap just prior Figure 2b. Thorax symmetry test set up. 
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Table 3. Mini-Sled Head/Neck Deceleration Pulse Criteria. 

Average 
.... Test 

......... Test Decelera- Stopping 
Test Velocity tion distance 

Configuration (fps) (g’s) (in) 

Flexion 32 17 10 

Extension 24 6 17 

! 

dummy. The symmetry tests were conducted using the 

same dummy positioning; seat rotation and translation 

were similar to the head symmetry procedure. 

A mini-sled was used to test neck flexion and extension 

properties. The sled’s fluid impact accelerator (16) (Figure Figure 4. Mini-sled platform. 
3) was used as a velocity generator to propel the mini- 

sled platform (Figure 4) along the rails until engagement 

with a roller tape mechanism (Figure 5). The tapes were 

designed to control the sled deceleration with an essen- 

tially square wave pulse as described in Table 3. The 

angular motion of the heads were determined through 

photographic film digitization. 

The 11 pound knee impact tests were conducted iden- 

tically to the Hybrid III knee calibration test. The knee 

was rigidly mounted onto the test fixture (see Figure 6) 

and impacted at 6.9 fps by the 11 pound pendulum sup- 

~rted by four wires. The pendulum impacting acceler- 

ation (and force) were filtered to SAE J211A Channel 
Class 600 to be consistent with the calibration procedure. 

It should be noted that the cadaver data (12) were filtered 

at Class 1000. The 52 pound knee impact tests were 

conducted with the linear transfer pendulum per Part 572 

calibration procedures. The test set up is illustrated in 

Figure 7. 
Figure 5a. Roller tape mechanism at platform engagement. 

Figure 3. Mini-sled fluid impact accelerator. Figure 5b. Roller tape mechanism after energy absorption. 
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Table 4. Head drop biofidelity results. 

Peak     Peak L~aver t 

Figure 6. 11 pound knee impact test set up. 

RESULTS AND DISCUSSION The Hybrid III is the only dummy which currently has 
neck instrumentation capable of measuring performance 
according to the criteria established by Mertz. (Although 

The head impact biofidelity data are summarized in a neck transducer has been manufactured for a Part 572 
Table 4. On the basis of peak head acceleration response, dummy, the necessary modifications to the neck molding 
it is apparem that the Hybrid III head more closely sim- have not yet been proven adequate in NHTSA tests.) The 
ulat~s the cadaver response at both 6.3 and 8.4 fps impact Hybrid III flexion and extension performance is shown, 
velocities than the Part 572 (APR) headform. As might respectively, in Figures 8 and 9, and show generally good 
be expected from the peak accelerations, the HIC values agreement with the results published by Foster et al. (1). 
for the Hybrid III are lower than the Part 572. While a The flexion loading corridor includes the effects of chin 
HIC value of approximately 1000 is obtained for the Part contact to the torso. The tests on the mini-sled did not 
572 dummy under test conditions simulating cadaveric have chin contact, explaining the lack of neck torque 
skull fracture threshold levels, the Hybrid III produces above 60 ft lb. The comparison of the Part 572 and Hybrid 
a HIC of approximately 700. Although the Hybrid III III head rotation in Figures 10 and 11 indicates good 
dummy head produces a more cadaveric response than agreement in flexion, but the Part 572 neck is considerably 
the Part 572, a performance criterion of HIC equal to stiffer than the Hybrid III in extension. 
1000 does not appear appropriate for the Hybrid III if The response of the three dummies to thoracic impact 
skull fractures are to be limited, at 14 fps are demonstrated in Figures 12-14. The APR 

and Hybrid III dummies have the greatest amount of 

Figure 7. 52 pound knee ~mpact test set up. Figure 8. Hybrid III neck flexion response. 
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..... Figure 9. Hybdd III neck e~ension response. Figure 11. Pa~ 572 versus Hybrid III e~enison response: 

deflection (approximately 1.25 inches), but require ap- 
proximately an additional 0.6 inch deflection to meet the 
minimum deflection criterion specified by the Corridor ..... 
The Hybrid III peak force level, however, is in better 
agreement with the corridor. The Hybrid III response 
under 22 fps thoracic impacts is almost entirely within 
the corridor, whereas the Part 572 and APR both have 
force levels considerably higher and sternal deflections 
lower than the performance corridor (Figures 15-17). 
From Figures 12-17, it is apparent that the Hybrid III 
dummy most closely simulates the response corridor de-      , 
rived from the cadaver data .... 

The 11 lb fully aligned knee impact biofidelity test 
results are summarized in Table 5. Since the Hybrid III        "~ 

knee calibrations are based on these cadaver data, it is 
not surprising that the Hybrid III agreement with the ......... 

cadaver data is better than the Part 572 knee impact -"’-- 

results. The lower Hybrid III peak pendulum impact Figure 12. Part 572 thorax biofide~ity, 14 FPS. 

forces are also observed for the 52 lb impacts (Table 6) 
with data filtered at 1000 Hz cutoff frequency. When 

Table 5. Aligned 11 lb. knee impact test results, 

Hybrid IIl HYCCALK08 

Left Knee HYCCA LK09 1359.9             1356.2          1282. 

o° Impact 572COLK09 2t~02.8 

~’~o!~ ~,~ ~t ~.~ e~ ~.~ ~ "-~ Part 572 572CORK07 2217.7 

Right Knee 572CORK08 2151ot~ 2180.60 1282. 

Figure 10. Part 572 versus Hybrid III flexion response,          gO ~pact     ~2co~09      2~2,~ 
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Figure 13. APR thorax biofidelity, 14 FPS. Figure 16. APR thorax biofidelity, 22 FPS. 

Figure 14. Hybrid lit thorax biofiedlity, 14 FPS. Figure 17. Hybrid III thorax biofidelity, 22 FPS. 

Figure 15. Part 572 thorax biofidelity, 22 FPS. Figure 18. Head impact temperature sensitivity. 
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Table 6. Transfer pendulum knee impact results. 

Peak Femur Peak Femur Peak Pendulum 
....... Test Test Velocity Load (lbs) Load (lbs) Force (lbs) .............. Series Test Number Date ffps) (I000 Hz filtered) (I00 Hz filtered) (I00 Hz filtered) 

Part 572COLKi0 8-19-82 6.86 2457 788 965 

572 572COLK11 8-19-82 6.90 2865 846 1051 

Left Knee 572COLKl 2 8-19-82 6.90 2876 846 1055 

Part       572COR K I 0 8-20-82 6.89 2149 805 962 

572 572CORKI I 8-20-82 6.92 2571 851 1025 

Right Knee 572CORK11 8-20-82 6.89 2539 850 1038 

Hybrid HYCCOLK07 8-19-82 6.89 1523 863 1022 

III HYCCOLK08 8-19-82 6.93 1651 868 1046 

.................. Left Knee HYCCOLK09 8-19-82 6.92 1649 868 1015 

Hybrid HYCCORK07 8-18-82 6.88 1503 866 983 

III HYCCORK08 8-18-82 6.89 1461 865 1012 

............. Right Knee HYCCORK09 8-18-82 6.88 1464 848 1009 

filtered at 100 Hz, the peak pendulum force is nearly ation occurred for the three dummies for sternal deflec- 
identical for the two dummies indicating that the lower tion. Consistent with the acceleration response, the trend 
responses for the Hybrid III are due to knee padding for all three dummies was one of increased deflection for 
rather than structural differences, increasing temperature. The total sternal deflection re- 

sponse variation range for the Part 572 was only 9%; 

Temperature Sensitivity while the APR range was 19%, and the Hybrid III ex- 

Results of the head impact temperature sensitivity tests ...... 
are shown in Figure 18. The test data indicate that neither 
the Part 572 nor Hybrid III headforms have responses 
which are sensitive to temperature variations over the 
standard range of testing. The Part 572 peak resultant 
head acceleration response at 80°F and 65°F was 1% 
higher than at 720F, and the Hybrid III head acceleration 
response ranged only from 2% lower at 65°F to 1% higher 
at 80°F. These percentage deviations from the 72"F re’ ~-----~~--~-1,, 
sponse are also shown on Figure 18. "’ 

The thorax response variations due to temperature 
changes were much more significant (Figures 19 and 20) ........ 
The chest acceleration response for all three dummies was 
consistent in a trend of reduced peak acceleration at 807, 
and increased acceleration at 65°F. The total acceleration " "’ 
response variation range for the Part 572 was 14% com- 
pared to 24% and 35% for the APR and Hybrid Ill, Figure 19. Thorax impact chest acceleration temperature 
respectively. Somewhat more pronounced response vari- sensiitivity. 
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Figure 21. Head symmetry--acceleration response. 
Figure 20, Thorax impact sternal deflection temperature 

sensitivity, 
compared to a 7% difference on the Hybrid III. It was 
also noted that the Part 572 aligned impact response was 

perienced a 42% change in sternal deflection between 65 slightly lower than the off-center, response, whereas the 
and 80°F. The acceleration and sternal deflection varia- Hybrid III aligned response was slightly higher. 
tions from 72°F are shown in Figures 19 and 20. The thorax symmetry test results are presented in Fig- 

The sensitivity of the dummy thorax deflection to tem- ures 22 and 23. The Part 572 chest acceleration had the 
perature appears to be related to the damping material/ greatest amount of difference between the 4- 15" and 
steel thickness ratio of the rib designs. The steel thickness -- 15° impacts. It had an 11% difference compared to 
for the Part 572 dummy is 0.125 inch compared to 0.058 less than 2% for the APR and Hybrid III dummies. 
and 0.078 inch thicknesses for the APR and Hybrid III, Sternal deflection was not measured in either the APR 
respectively. The damping material thickness ranges from or Part 572 dummy symmetry tests since their measure- 
1/4 inch for the Part 572 to approximate y 0.4 inch for ment devices were not designed for such impact config- 
the Hybrid III. The damping material/steel thickness urations. The Hybrid III sternal deflection was measured, 
ratio is nearly two and one-half times greater than the but exhibited only a 3% response difference from a 
Part 572 t’or the Hybrid III. The ratio for the APR 4-15° and- 15° impact location. As was the case for the 
dummy is comparable to the Hybrid III; but is not as head symmetry tests, the aligned thorax responses were 
sensitive to temperature, possibly due to a different rib only slightly different from the off-centered impacts. The 
attachrr~ent design, impact responses for both the Part 572 and the Hybrid 

These response variations for both the APR and the III dummies was slightly higher for the aligned impacts, 
Hybrid III dummies over this temperatare range are and the APR was slightly lower. 
clearly unacceptable for normal engineering practice. To 
be useful as automotive test devices, both the APR and 
Hybrid III require either design changes to the thorax to 
reduce the temperature sensitivity, or temperature con, 
ditions controlled to a range of approximately 5°F (re- 
ducing variability to 15% or less). A third alternative 
would be to monitor the dummy thoraci: temperature 
and make adjustments to the response accordingly. How- 
ever, the assumption for this alternative is taat each batch " 
of rib damping material has the same sensitivity to tem- 

[ 
perature. 

Symmetry 
The symmetry features of the three dummies did not *, ,.,~ 

prove to be significantly different for impacts at -+ 15° ,.,.~. 
from fully aligned. The head symmetry tests (Figure 21) 
resulted in approximately a 5% difference between the 
+ 15° and -- 15~ acceleration response on the Part 572 Figure 22. Thorax symmetryl--chest acceleration response. 
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ment was most likely caused by cracks which had begun 
to form in the rib damping material during the component 

tests. 

. ¯ CONCLUSIONS 

~ Based on the component tests which were conducted 
[ ~ on the Part 572, APR ’81, and Hybrid III dummies, the 
£ 

following conclusions are made: 
o 
, --The Hybrid III dummy exhibits the best fidelity to 
’ "~ cadaver based data. It is noted, however, that the si- 
, militude of cadaver based data to living humans re- 

-,..o -,Lo -,-’.,,     J.o     ,:o     ,,:*     ,,’.°     ,,’.o 
¯ ~xE.r,rx*. ~, mains to be established. 

--The APR dummy thorax experiences deflections which 
Figure 23. Thorax symmeltrywHybrid III chesst deflection, are more cadaver-like than the Part 572, but the peak 

force levels are much higher than cadaver data. 

The knee symmetry test results are shown in Figure --The Hybrid III and APR dummy thorax responses 

24. The Hybrid III had smaller differences in the ÷ 15° have greater sensitivity to temperature than the Part 

and - 15° femur load responses than did the Part 572. 572, and either design modification or a tightly con- 
trolled temperature environment is necessary to make 
them suitable as automotive test devices. 
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Responses of Animals Exposed to Deployment of Various Passenger 
Inflatable Restraint System Concepts for a Variety of Collision 
Severities and Animal Positions 

H.J. MERTZ and selected measured animal responses and restraint sys- 

General Motors Corporation tem-accident characteristics. Caution must be used in in- 
terpreting the significance of these injuries relative to the 

Go D. DRISCOLL and J. B. LEHOX expected performance of passenger inflatable restraint sys- 
Southwest Research Institute tems since aggressive restraint system concepts and ac- 

cident conditions were selected for some tests in order to 
G. W. NYQUIST and D. A. WE3ER produce severe injuries. 

General Motors Corporation 

INTRODUCTION 

This paper summarizes the results of tests conducted An important consideration in the development of a 
with anesthetized animals that were exposed to a wide passenger inflatable restraint system is to assess the sig, 

range of passenger inflatable restraint cushion forces for nificance of the interactions that may occur between de- 

a variety of impact sled--simulated accident conditions, ploying cushions and children who may be close to the 
The test configurations and inflatable restraint system instrument panel at the time of deployment (1-8). Anal- 
concepts were selected to produce a broad spectrum of yses by Takeda and Kobayashi (8), Stalnaker et al. (9) 
injury types and severities to the major organs of the and Montalvo et al. (10)have demonstrated that children 
head, neck and torso of the animals. Tiaese data were may be close to the instrument panel in a variety of 
needed to interpret the significance of the responses of positions and postures at the instant of a collision either 
an instrumented child dummy that was being used to due to their precrash "seated" position or due to the 
evaluate child injury potential of the passenger inflatable effects of preimpact braking. Tests sponsored by General 
restraint system being developed by General Motors Cor- Motors at Wayne State University (1) and by Volvo at 
poration. Injuries ranging from no injury to fatal were Chalmers University (7) have shown that it is possible to 

observed for the head, neck and abdomen regions. Tho- produce significant brain, heart, liver and spleen injuries 
racic injuries ranged from no injury to critical, survival in anesthetized animals exposed to the impacts of de, 
uncertain. Graphs are presented that show associations ploying cushions of several concepts of passenger inflat- 
between the severity of the animal injuries by body region able restraint systems. In the GM program, anesthetized 
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baboons and chimpanzees were used as child surrogates. Physiological measurements such as electrocardiogram 
The Volvo program used anesthetized pigs. Unfortu- (ECG), aortic blood pressure, evoked response, pinch 

nately, no attempt was made in either program to develop withdrawal and palpebral reflex were made. Blood sam- 
a test device (instrumented child dummy) to aid in un- pies were drawn for gas analysis to aid in assessing the 

derstanding the relationships between the observed animal significance of pulmonary injuries. Since past experience 

injuries and the cushion-collision interaction forces. How- had shown that serious internal organ trauma in animals 
ever, these programs did demonstrate the need to consider may not be clinically diagnosed (1), all surviving animals 

such interactions in the development of passenger inflat- were sacrificed usually 24 hours posttest, and gross ne- 

able restraint systems (2,3). cropsies were performed. Histopathology was done on the 

............ When General Motors started its development of a brain, spinal cord, heart and lungs. 

second-generation passenger inflatable restraint system, A team of medical specialists was formed by SwRI to 

the interaction between the deploying cushion and the assess the significance of the observed animal injuries. 

"out-of-position" child was again identified as a topic The team consisted of a neurophysiologist, a neuropath- 

requiring further study. Concurrent with their inflatable ologist, a cardiac pathologist, a cardiologist, a pulmonary 

restraint development program, GM initiated a program specialist and a SwRI Senior Research Physician who 

to develop a test device (an instrumented, 3-year-old child served as the medical team leader. The medical specialists 

dummy) that could provide measures of the various cush- were directed to assess the severity of the animal injuries 

ion interaction forces thought to be associated with the as if the injuries had occurred to a three-year-old child. 

type of injuries observed in the previous animal test pro- In addition, each specialist was asked to develop a 

grams. Such an instrumented child dummy was developed "dictionary" for his specialty that would describe the 

by GM (11) and was used extensively in their second- types of lesions observed and the injury severity ratings 

generation, passenger inflatable restraint development ascribed to the injuries. These dictionaries were to be 

............... program. While the child dummy provided measurements "living" documents; that is, the specialists were encour- 

to make relative comparisons between different passenger aged to revise them based on the results of control tests 

inflatable restraint concepts, no biomechanical data ex- that were conducted during the program. The medical 

isted that would allow intepretations of the dummy re- team leader was responsible for the final injury severity 

sponses relative to the severities of injuries that a child ratings assigned to each test animal. 

............. might experience in similar exposure environments. An Each animal injury was assigned two injury severity 

.............. animal test program was needed to provide such a basis, values. One described the short-term consequences of the 

This paper presents the results of the test program that injury in terms of threat-to-life (TL value) and the other 

was conducted to obtain the animal injury data. Corre- described the long-term consequences in terms of the 

lations between the observed animal injuries and corre- potential for permanent impairment (PI value). General 

sponding child dummy response measurements are not descriptions of the TL and PI severity classifications are 

discussed in this paper. That analysis is the subject of a given in Table 1. The TL descriptors were taken from 
........ separate paper by Mertz and Weber (12). "The Abbreviated Injury Scale--1980 Revision" (13). 

However, the injury descriptions contained in the dic- 
tionaries developed by the medical specialists are more 

PROGRAM SCOPE detailed than those given by The Abbreviated Injury 
Scale, since each animal was necropsied and much more 

The program conceived was to subject anesthetized detailed injury information was available than would be 

animals to a broad range of passenger cushion deploy- available for a similar human injury. On the other hand, 

ment-simulated collision exposure environments. The spe- very little data were available on the long-term conse- 

cific animal exposure environments were to be selected quences of the animal injuries, since the animals were 

from child dummy tests that produced a wide range of usually sacrificed 24 hours postimpact. For the most part, 

dummy responses. It was anticipated that test conditions the PI ratings were based on the medical specialist’s judg- 

selected by this process would produce a wide range of ment of the most probable long-term consequences of the 

animal injury types and severities that could be associated various injuries. While the PI ratings are quite subjective, 

with the measured dummy responses, they do serve an important need to rank the severities of 

Southwest Research Institute (SwRI) was contracted brain, cervical spine and heart injuries relative to the 

by GM to carry out the animal testing portion of the potential for permanent impairment of major body func- 

animal injury-child dummy response correlation study, tions. 

The specific test conditions, test hardware, and animal To provide mechanical indicators of the severity of the 

positions were prescribed by GM based on their child various exposure environments, accelerometers were at- 

dummy test results. SwRI was responsible for conducting tached to the heads and torsos of the animals. The place- 

the animal tests and documenting the types and severities ment and procedure used to mount the accelerometers 

of the injuries experienced by the animals, were chosen so as to not induce injury during the impact 
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Table 1. General descriptions of threat-to,liiie (TL) and per- pigs was selected as the test pig, the other serving as the 
manent impairment (PI) inju~ severity classifi- backup. The test pig was sedated and an extensive set of 
cations, anthropometric measurements was made. Then the ani- 

mal was anesthetized and incisions were made to expose 
TL VALUE DESCR PTION OF THREAT-TO-LIFE CATEGORIES both femoral arteries. A blood pressure catheter was in, 

o NO N JURY serted into one femoral artery and was advanced towards 

~ MINOR (NOT LIFE-THREATENING) the heart to the level of the xiphoid process. A 16-gauge 

z MODERATE (NOT LIFE-THREATENING) catheter was placed in the other femoral artery for the 

:3 SERIOUS (NOT LIFE-THREATENING) purpose of drawing blood samples for gas analyses. 

4 SEVERE (LIFE-THREATENING, SURVIVAL PROBABLE) Just prior to transporting the animal to the sled facility, 
5 CRITICAL (MFE-THREATENING, SURVIVAL UNCERTAIN) an accelerometer mounting bracket was applied to the 
6 MAXIMUM (NOT SURVIVABLE) animal’s nose using two screws located in the midsagittal 

plane and a wire wrapped around the plate through the 
animal’s mouth. A polyurethane foam solution was in, 

¢?1 VALUE          DESCRIPTION OF PERMANENT IMPAIRMENT CATEGORIES 

jected between the plate and the snout, and when cured, 
0 No ~,J,~ provided a stable accelerometer mounting bracket. 
~ ~,~,OR (POTZNT~A~ EOR 6OME ~MPA*R~ENT OF M~NOR At the test facility the animal was connected to the ~o~Y F~NCT~ON~ 
~ ~O~E~AT~ ~SOME ~MPA~RMENT OF M~OR BO~Y physiological monitoring equipment and monitored at 15- 

’UNCTJON) minute intervals for one hour prior to the placement of 
3 MAJOR (POTENTIAL FOR IMPAIRMENT OF MAJOR BODY 

F~CT*ON ~F ~NT~T~ the animal on the impact sled. At each interv~ the fol- 
~ ~U~T~NT~ (~ lowing parameters were recorded: blood pressure, 6-lead 

~x~.s,v~ ~QU~A) ECG, hea~ rate, respiration, rectal temperature, reflex 
s ro-~ ~v~s~ COM~/~V,> responses to toe and ear pinch, palpebr~ reflex, pupil size 

~d reactivity to light, ~d muscle tonus. D~gs were 
administered in su~cient dosages to produce an ~imal 
that was immobile and had adequate pain suppression 

or compromise the animal’s ability to withst~d the ira, while retaining good neurolo~cal response levels for the 
pact. physiolo~cal testing. 

Dung this ho~ monitoring period, the accelerometers 

CARE AND USE OF ANIMALS ~d the tethering harness were attached to the animal. 
Four uni~ial accelerometers were mounted to the nose 

~uthwest Research Institute (SwRI) Animal Medicine bracket. Three of these accelerometers were positioned 

Program and Facilities are approv~ by the American with their sensitive axes o~hogonal with two of the axes 

Ass~iation for Accr~itation of Laboratory Animal Care lying in the ~dsa~ttal plane of the animal’s head. ~e 

and the United States Department of Agriculture. Ap- fourth accelerometer was mounted with its sensitive axis 

proval by thee organi~tions is based on guidelines of lying in the midsagittal plane, oriented parallel to the 

the Animal Wett~re Act of 1970 and the Guide for Care sensitive axis of the ventro-dorsal accelerometer and po- 

and Use of Laboratory Animals. In addition, all proto~ls sitioned 38 mm closer to the tip of the an~al’s snout. 

iavolving animal care and testing ~e subjected to a review Two configurations of accelerometers were used for the 

by the SwRI Animal Care @mmitt~. This program was torso. For the first configuration, a tfiaxial accelerometer 

reviewed and approved by the SwRI committee as well package was attached to the an~al’s spine at the level 

as the General Motors @~oration Animal Use of the sixth thoracic spinous process using a nylon strap 

Committ~ that encircled the animal’s ch~t. After several t~ts, it 
became apparent that this configuration had the potential 

TEST ~OTOOOL 
to injure the thoracic spinous pr~ess during rebound into 
the seat for some of the animal ~sitions. To alleviate 
this condition, a second configuration consisting of four 
uniaxial accelerometers was developed. Three of the ac- 

Two to three days prior to a test, two pigs whose celerometers were mounted to the sternum, one each at 
weights were within the desir~ range of 15 & 1 kg were the prestemal protuberance, mid sternum, and xiphoid 
setect~ as t~t candidat~ from the pig herd maintained process. Their sensitive ~es were oriented ventr~-dor, 
at SwRI for the t~t program. ~ese an~al:~ were sedated, sally, nodal to the sternum. ~e fou~h accelerometer 
weigh~, depilated and given a physical ex~ination by was mounted to the thoracic spine at the level of the s~th 
the veterinarian. Radiographs were t~en of each animal spinous process. Its axis was oriented ventral-dorsally, 

and were ex~in~ for ~ssible skeletal fractures and nodal to the spine. All four acceletometers were encased 
abno~al ~ne growth. On the day of the ~;est, one of the in individual, thin ~bber disks that were held in place 
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by tape that encircled the animal’s thorax. This config- TEST CONDITIONS 
uration produced no indications of inducing any injury 

to the animal. The test conditions were selected by GM based on their 
........ After the one-hour monitoring period was completed, analysis of child dummy tests that they had conducted 

blood was drawn for gas analysis and a complete set of at GM. For each animal test conducted at SwRI, a similar 
visual and somatosensory evoked responses were taken, child dummy test was conducted at GM. This procedure 
The animal was then taken to the sled and placed in the was used to allow associations to be drawn between the 
desired position. The animal was held vertically by a observed animal injuries and corresponding measured 
tether that was released just prior to cushion deployment, child dummy responses. A summary of the test conditions 
Its buttocks were supported by the seat, floor or foam is given in Table 2. 
blocks depending on the choice of animal position. Lon- Simulated Crash Pulses--Three different sled deceler- 
gitudinal and lateral position of the animal was main- ation pulse shapes were used during the test program. 
tained by paper tape that prevented the animal from The severity of these simulated collisions can be described 
translating rearward during the time the sled was being by their mean sled decelerations and velocity changes. 
accelerated to the desired velocity, yet let the animal Two constant-deceleration pulse shapes were used. The 

.... translate forward freely during the collision simulation, most severe pulse had a 14.5 g deceleration level with a 

......... The tape was easily torn by the deploying cushion or by change in velocity of 56 km/h. The other had a constant 

the rebound of the aninaal and had no effect on the an- deceleration level of 8.4 g with a velocity change of 33.6 

imal’s kinematics in response to the deploying cushion, km/h. The third pulse shape was more trapezoidal and 

Once the animal was positioned it usually took ten represented a car-to-car impact of longer duration. It had 

minutes to balance and calibrate the instrumentation and a mean deceleration level of 4.3 g and a velocity change 
go through the sled firing procedure. During this time of 28.5 km/h, and this was the mildest collision pulse 

.... the animal’s position and physiological responses were used. The sled pulse used for each animal test is listed in 
continually monitored. Drugs were administered as re- Table 2. 
quired to assure a motionless animal with acceptable phys- Animal Positions--Seven basic animal positions, each 

iological response levels, representing a possible child position (9, !0), were used 
in the deployment tests. Examples of each position are 

Postimpact                                          shown in Figures 1 through 7. Table 3 provides descrip- 
tions of each position, distances between landmarks on 

After the impact, the sled was moved under an exhaust the animal and the interior that were used in positioning 
fan to change and filter the interior air of the body buck, the animals, and rationales for selecting each position for 

a safety procedure used when a number of tests are con- testing. Figure 8 shows the locations of the animal po- 
templated using sodium azide inflators. When visible sitioning landmarks relative to car interior landmarks. 
emissions had abated, the body buck was opened and a Deviations from these nominal dimensions were made 
preliminary examination of the animal was done by the during the course of the program in an effort to maximize 
attending medical doctor or veterinarian, who wore a the severity of the cushion/animal interaction. The nora- 

respirator. Photographs were taken of the animal’s po- inal position and deviation for each animal test are given 

sition. The animal was then removed from the buck, in Table 2. 
sponged off and carried to the medical observation table Positions 1, 6 and 7 were used in preliminary tests that 
where the physiological monitoring equipment was re- were conducted to select the animal species to be used as 
connected. The one-hour monitoring procedure described the principal surrogate for the test program. In the actual 
under preimpact was repeated. Two full sets of evoked test program only Positions 1-5 were used. Position 6 was 
responses were obtained during this period for comparison not used because the preliminary tests showed that the 
with the pretest data. interaction between the animal and cushion was unpre- 

At the end of the one-hour postimpact monitoring pc- dictable for this position. In one test, the cushion deployed 
riod, blood was drawn for gas analysis. The blood pressure over the top of the animal’s head. In a second test of the 

catheter was removed and the incision closed. The animal same position, the cushion deployed under the animal’s 
was transported to the SwRI X-ray facility where a full chin. Position 5 was used instead of Position 6 in the test 
set of postimpact radiographs were taken. From the X- program in order to eliminate this inconsistency of cush- 
ray facility, the animal was returned to its holding cage ion-animal interaction. Position 7, a side-facing position 
for observation. At the end of the observation period of the animal, was not used in the test program because 
(usually 24 hours), the animal was sedated and blood was the preliminary tests showed that the injury types and 
drawn for gas analysis. Then, the animal was transported severities for this position were comparable to those of 
to- the Necropsy laboratory where it was sacrificed and Position 1, the front-facing equivalent of Position 7. 
the gross necropsy was performed by the veterinary Inflatable Restraint Systems--A summary of the in- 
pathologist, ratable restraint system concepts used for the various 
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Table 2. Summary of test conditions. 

SLED KINEMATICS INFLATABLE RESTRAINT SYSTEM ANIMAL POSITION SEAT 

iNFLATOR                                                                         DEVIATIONS 

VEL ACC, CUSHION FOLD COVER NOMINAL TYPE POSITION 

TYPE ACTUATE TYPE TYPE TYPE FORE-AFT UP-DOWN 

(kmih) (G) (ms) (mrn) (mm) 

PG 8 50,8 13.2 2 22 2 3 NONE 1 0 0 MODIFIED FORWARD 

P~G 9 54.9 !4.3 2 20 2 1 NONE 1 0 6U MODIFIED FORWARD 

P~G 10 56,8 14.8 2 20 2 2 NONE 1 0 0 MODIFIED FORWARD 

PG 12 56.5 14.8 2 20 2 3 NONE 1 0 0 MODIFIED FORWARD 

PiG 13 56.8 14.8 2 20 2 ] NONE 2 19A 13U MODIFIED REAR 

PG 14 37,0 14.9 2 21 2 1 NONE 2 0 0 MODIFIED REAR 

PG 18 57.0 14.8 2 20 2 3 NONE 1 18F 25U MODIFIED FORWARD 

PG 18 56.8 14.7 2 2t 2 3 2 3 0 0 STD. REAR 

PG 17 55.9 14.6 2 21 2 1 2 3 0 0 STD. REAR 

PG 18 54.5 14,0 3 20 1 1 1 2 0 0 MODIFIED REAR 

PG ~9 33,3 8,4 4 28 1 I 1 2 44F 25D MODIFIED REAR 

PG 2] 33,6 8.8 3 28 ! 1 1 3 44F 13D STD. REAR 

PG 22 33,8 8.5 3 28 1 I 1 2 44F 25D MODIFIED REAR 

PG 23 33,8 8,4 3 18 1 1 1 2 0 0 MODIFIED REAR 

PG 84 55,7 14.2 5 20 3 3 3 1 0 0 MODIFIED FORWARD 

PG 25 34.0 8.6 8 28 3 3 3 1 0 0 MODIFIED FORWARD 

PG 26 336 8.5 5 28 3 3 3 3 t3F 0 STD, REAR 

PG 89 33.6 8,5 6 29 4 1 3 2 0 0 MODIFIED REAR 

PG 35 34,2 8.6 5 26 4 t 3 2 0 0 MODIFIED REAR 

P~G 38 33,7 8,6 8 28 4 t 3 2 0 0 MODIFIED REAR 

P~G 41 32,9 8.3 3 36 4 1 3 2~ 13A 25U MODIFIED FORWARD 

PIG 44 33.5 8,5 5 28 4 1 3 2~ 0 28U NONE PADDING 

PIG 46 32.9 8.3 3 0 1 1 1 3 44F 13D STD. REAR 

PIG 47 33,4 8.3 3 29 1 1 1 3 44F 13D STD. REAR 

PIG 31 33,6 8.3 7 27 5 4 3 1 6F 0 MODIFIED FORWARD 

PG 58 33,8 7.8 7 28 5 4 3 3 6F 0 STD. REAR 

P~G 67 34.6 8.8 9 28 5 4 3 3 3F 3U STD, REAR 

PG 68 32,6 8.2 8 28 6 4 3 4 0 0 STD. MID 

PG 69 34.2 8.6 8 27 6 4 3 3 6F 0 STD. REAR 

PG 70 33,2 8.4 9 29 5 4 3 2 6F 0 MODIFIED REAR 

PIG 72 334 8.5 9 28 5 4 3 2 3F 25LJ MODIFIED REAR 

P!G 80 28.3 4.2 10 25 7 5 3 3 30F 0 STD. REAR 

P~G 8i 28.5 4.3 10 25 7 5 3 1 51F 3U MODIFIED REAR 

PG 83 28,8 4.3 t0 25 7 5 3 3 41F 51D STD. REAR 

P~G 84 28.8 4,3 10 25 7 5 3 2 51F 0 MODIFIED REAR 

PG 85 28,9 4.3 10 25 7 5 8 4 0 0 STD. MID 

PIG 87 28.4 4.2 10 28 7 5 3 3 57F 81D STD, REAR 

R~G 88 286 4.4 10 28 8 5 3 3 60F 51D STD. MID 

P~G 89 28.4 4,2 10 28 8 8 3 2 81F 0 STD. REAR 

PiG 91 28.7 4,3 10 25 8 8 8 1 32F 38U STD, REAR 

PiG 93 28.4 4.2 10 25 8 5 3 4*~ - STD. MID 

PG 94 28.1 4.3 10 25 8 8 3 4 0 0 STD, MID 

i 
PIG 151 28.6 4.2 i0 25 8 5 3 5 0 0 STD, MID 

BAB 8 55.9 14.3 2 20 2 1 2 3 13F 6U STD, REAR 

BAB 7 28.3 4,2 10 25 8 5 3 4 0 0 STD, MID 

BAB 8 286 4,2 10 25 8 5 3 5 0 0 STD, MID 

NOTES: ~’~ LOWER TORSO RESTRAINED BY STRAP 

*~ TETHER SUPPORT RELEASED PRIOR TO SLED DECELERATION, PIG NOT IN POSITION 4 AT TIME OF CUSHION DEPLOYMENT. 

animal tests is given in Table 2. Ten different types of Front Seat Description--Production type seats were 
inflators were used in combinations with eight types of used for the tests. In some instances, the seat cushion and 
cushions, four types of cushion folds, and three types of frame had to be modified in order to place the animal in 
covers. Inflators 1, 3 and 4 were compressed gas inflators, the desired position. For these tests, the front of the seat 
The other inflators used sodium azide to generate the frame was removed and the thickness of the cushion 
cushion inflation gases. All ten inflators had different gas padding was adjusted to give the desired seat height. Table 
flow characteristics. Cushions 1 through 4 were "circular 2 gives a summary of the seat positions and indicates 
cylinder designs" of diferent volumes and incorporated whether or not the seat was modified for the various tests 
an internal knee restraint cushion (2). Cushions 5-8 were conducted. 
different concepts of "L-shaped" cushions (14). Fold 1 
was an "accordion" fold that was symmetrically folded 
on top and bottom. This fold allowed the cushion to be ANIMAL SPECIES SELECTION 
deployed horizontally rearward. Folds 2-5 were different 
versions of a "top pleated" fold. These were asymmet- The primary consideration for the selection of an an- 
rically folded with the bottom most part of the cushion imal species to be used as the child surrogate for the test 
being the layer nearest the cushion door. This type of fold program was that its weight and size be comparable to a 
restricted the initial rearward movement of the cushion 3-year-old child, since that size child dummy was being 
and resulted in a more upward cushion trajectory. Cover used by GM in their passenger inflatable restraint system 
1 was a foam-filled construction. Covers 2 and 3 were development program (11). Three animal species, the 
injection moldings of different lengths and cross-sectional chimpanzee, the baboon and the pig, were considered as 
shapes, candidates for the animal model. Based on comparable 
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of the reasons the pig was selected as the primary animal 
model for the test program. 

Size and Shape Considerations--Table 4 gives typical 

size and shape measurements for the baboon, pig and a 
3-year-old child of comparable weights. The pig was con- 
sidered the preferred animal model over the baboon for 
investigating the potential for child thoracic and abdom- 
inal injuries since the breadths and circumferences of its 
chest and abdomen compare more favorably to the child’s. 
Both the pig and the baboon have a major anthropometric 
deficiency as a child thoracic injury model in that their 
chest depth-to-width ratios are the inverse of the child’s. 
Because of this geometric difference, both animals’ fore- 
aft chest stiffnesses are much greater than the child’s 
resulting in greater force levels required to produce 
compression type injuries to the thoracic organs. 

For assessing the potential for child neck injuries, the 
pig has an advantage over the baboon since its head-neck 
length compares more favorably to the child,s, However, 
both species have a number of major deficiencies as neck 
injury models. The pig has no chin protuberance for in- 
teracting with the deploying cushion since its neck at. 
taches to the rear of its skull, resulting in its snout being 
somewhat aligned with its cervical spine. In contrast, the 

Figure 1. Animal position 1. 

size and shape, the chimpanzee was the most logical 
choice. However, the test protocol required that each 
animal be impacted only once and necropsied for injury 
identification. This procedure required that a large quan- 
tity of animals be available for testing in order to meet 
the program objective of producing a broad spectrum of 
injury types and severities. A sufficient quantity of chim- 
panzees was not available to meet this program require- 
ment. Consequently, only the baboon and pig were 
considered as possible animal models for this program, 

The pig was selected as the animal model for the 3- 
year,old child for the following reasons: 

i) it was available in large enough quantities to support 
the test program, 

ii) it had more favorable anthropometric characteristics 
for its chest and abdomen than the baboon, 

iii) its physical stage of development was similar to a 3- 
year-old child’s, and 

iv) it appeared to be more susceptible to injury than the 
baboon based on the results of a preliminary test 
program. 

Limited testing was to be done with baboons for com- 
parison purposes. The following is a detailed discussion Figure 2. Animal position 2. 
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physical development ages of 16.6 and 4.2 years for the 
baboon and pig, respectively. Based on this analysis, the 
state of physical development of a pig and a 3-year-old 
child of similar weight are quite comparable. The ba- 
boon’s physical development is much more advanced. 

lnjury Susceptibility Consideration--To determine if 
either species was more susceptible to injury than the 
other, a preliminary test series was conducted using 5 
pigs and 5 baboons, Four pigs and four baboons were 
tested in Positions 1 and 7 with two of each species 
exposed in each of the two positions. A single test of each 
species was conducted in Position 6. Examples of these 
animal positions are shown in Figures 1, 6 and 7. The 
inflatable restraint system used for these preliminary tests 
consisted of Inflator 1, Cushion 1, Fold 1 and Cover 1. 
The sled pulses were characterized by a 13.6 g plateau 
and a 50 km/h velocity change. The cushion was actuated 
21 ms after the beginning of the simulated collision event. 
A standard bench seat was used in the full forward po- 
sition for these tests. The injury types and severities pro- 
duced by these exposures are given in Table 5. 

For Positions 1 and 7, the cushion-animal involvements 
were quite similar and produced similar types of injuries. 

Figure 3. Animal position 3. 

baboon’s neck attaches to the base of the skull similar to 
the human. However, its long muzzle provides an accen- 
tuated, simulated chin protuberance. The fore-aft range 
of motion of the pig’s head-neck structure is much less 
than the child’s, resulting in a smaller degree of rearward 
motion required to produce a hyperextension neck injury. 
The baboon can undergo a greater degree of hyperexten- 
sion than the child. The pig’s neck circumt~rence is twice 
as large as the child’s due to its large dorsal neck muscles. 
However, these muscles have little influen~:e on its head- 
neck kinematics since the animal is anesthetized. The 
cervical vertebrae of the pig and child are of similar size. 

Neither animal species is considered a good model for 
assessing the potential for child brain injuries since their 
brains are much smaller in size than a child’s. 

Physical Devel~t)ment ConsiderationmThe ages of a ba- 
boon and pig of comparable weight of a 3.-year-old child 
are 4.3 years and 10 weeks (0.19 years), re:~pectively (Ta- 
ble 4). To estimate an age of equivalent physical devel- 
opment for these animals, the animal’s age was multiplied 
by the ratio of the ages that humans (15.5 years) and the 
animals (baboon--4.0 years and pig---0.7 ;�ears) begin to 
produce mature sperm. These calculations gave equivalent Figure 4. Animal position 4. 

358 



EXPERIMENTAL SAFETY VEHICLES 

Table 5. Summary of animal injuries and severities for the preliminary test series. 

ANIMAL POSITION 1 ANIMAL POSITION 7 ANIMAL POS, 6 

BODY REGION PIG 1 PIG 3 BAB 1 BAB 3 PIG 2 PIG 4 BAB 2 BAB 4 PIG 5 BAB 5 

INJURED ORGANS (TL) (TL) (TL) (TL) (TL) (TL) (TL) (TL) (TL) (TL) 

............ HEAD 

BRAIN 6 2 3 3 2 3 3 2 6 3 

NECK 

CERVICAL SPINE/CORD 4 0 0 3 0 3 0 0 4 2 

TRACHEA 3 0 0 3 0 2 2 3 0 2 

THORAX 

THORACIC SPINE 0 0 0 3 0 3 3 0 0 3 
RIBS 0 2 0 0 0 0 0 0 2 0 
HEART 3 0 0 0 0 3 0 0 0 0 
LUNGS 3 2 1 0 1 1 3 1 3 0 

ABDOMEN 

DIAPHRAGM 2 2 0 0 0 2 0 0 0 0 
LIVER 4 2 2 3 3 3 3 1 2 0 
GALL BLADDER 0 0 0 3 0 0 0 0 0 0 
SPLEEN 0 3 3 3 0 4 0 0 1 0 
INTESTINES 0 0 2 2 0 0 2 2 1 0 
MESENTERY 1 2 1 1 0 1 0 0 1 0 
K I DN EY 0 0 0 1 0 0 0 0 0 0 
BLADDER 0 0 1 0 0 0 0 0 0 0 

Figure 6. Animal position 6. Figure 7. Animal position 7. 
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Table 3. Description of Animal Positions. 

ANIMAL POSITION ANIMAL TO INSTRUMENT 
PANEL REFERENCE SELECTION RATIONALE 

PO$. FIG. DESCRIPTION REFERENCE DISTANCE 

NO. NO. POINTS (ram) 

1 1 SPINE VERTICAL, HEAD ABOVE XIPHOID TO 325 REAR ¯ EXPOSE ABDOMEN TO DEPLOYING 

I.P. BROW, XIPHOtD 50 MM INFLATOR 50 ABOVE CUSHION/COVER. 

ABOVE CENTERLtNE OF CENTERLtNE ~, EXPOSE HEAD AND NECK TO 
INFLATOR. UPWARD DEPLOYING L-CUSHION 

DESIGN. 

2 2 SPINE VERTICAL, SNOUT ON XIPHIOD TO 300 REAR ~ EXPOSE THORAX TO DEPLOYING 

I.P. BROW, XIPHIOD AT SAME INFLATOR 0 ABOVE CUSHION/COVER. 
LEVEL OF INFLATOR CENTER- CENTERLtNE 
LINE. 

3 3 SPINE VERTICAL, SNOUT AT PRESTERNAL 290 REAR ~ EXPOSE HEAD/NECK TO 

I.P. BROW, PRESTERNA_ PROTUBERANCE 115 ABOVE DEPLOYING CUSHION/COVER. 
PROTUBERANCE AT LEVEL TO INFLATOR 
OF TOP OF COVER. CENTERLINE 

4 4 SIMILAR SNOUT & PRESTERNAL PRESTERNAL 240 REAR ~ EXPOSE HEAD/NECK AND TORSO 
PROTUBRANCE LOCATIONS AS PROTUBERANCE 115 ABOVE TO DEPLOYING CUSHION!COVER. 
POSITION 3, LOWER TORSO TO INFLATOR 
ROTATED FORWARD PARALLEL CENTERLINE 
TO COVER. 

5 5 SPINE 30° TO HORIZON-fAL, TIP OF AGAINST ~ EXPOSE HEAD/NECK TO UPWARD 
SNOUT MIDWAY BETWEEXt TOP SNOUT AND I.P. DEPLOYING L-CUSHION DESIGN. 
OF COVER AND t.P. BR::)W. t.P. PANEL PANEL 

6 6 SPINE HORIZONTAL, SNOUT TIP OF SNOUT AGAINST ¯ EXPOSE HEAD/NECK TO COMPRES- 
JUST ABOVE TOP OF COVER. & loP. PANEL I.P. PANEL SION LOADING OF DEPLOYING 

CUSHION/COVER. 

7 7 SAME AS POSITION 1 E~CEPT XIPHIOD TO 325 REAR ~ EXPOSE SIDE OF ABDOMEN TO 
ANIMAL IS FACING LEFT INFLATOR 100 ABOVE DEPLOYING CUSHION/COVER 

INSTEAD OF FORWARD, CENTERLINE ~ DETERMINE EFFECT OF ORIENTA- 
SHOULDER AGAINST I.P. BROW. TtON OF INJURY TYPE AND 

SEVERITY. 

Table 4. Typical size, shape and mass measurements for The pig, however, appeared to experience more severe 
15 kg pigs, baboons, and children, injuries. For Position 6, the animal-cushion interactions 

AvenGE 
AVERAGE ,~A~E~’¥~AR’O~c.I~O, 

were quite different. The cushion deployed under the pig’s 

~A~R~,~ o~ snout driving the animal upwards and rearwards, hyper- 
5 PIGS 4 BABOONS VALU~ [ REF.* 

I extending its neck. For the baboon, the cushion deployed 
AGE (YEARS) 0,19 4,3 3 [ " 

EQUIVALENT CHILD 4.2 16,3 3 " 

Figure 5. Animal position 5. 
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SECTION 5: TECHNICAL SESSIONS 

The three baboon tests provided results similar to those 
observed in the preliminary test series. The baboon injury 

types were similar to the pigs, but the severities were 
somewhat less. 

Caution must be used in interpreting the significance 
of these animal injuries relative to the expected perform- 
ance of passenger inflatable restraint systems in general 
It must be remembered that the objective of the study 
required using very aggressive passenger inflatable re- 
straint system concepts for some of the tests in order to 
produce severe injuries to the animals. Because severe 
injuries were produced does not imply that all passenger 
inflatable restraint system concepts are aggressive. The 
fact is animals were exposed to several passenger inflatable 

Figure 8. Locations of animal positioning landmarks relative 
to car interior landmarks, restraint system concepts that were much less aggressbce 

than the systems used to produce many of the severe 
animal injuries. 

over its head and there was minimum cushion-animal 
interaction. Based on these limited tests, the pig appeared 
more susceptible to injury than the baboon. DISCUSSION OF RESULTS 

........ Significant Animal Injuries 
TEST R ESU LTS Head InjurieswSeven of the forty-six animals had sig- 

nificant (TL or PI ratings equal or greater than 3) head 
Forty-three pigs and three baboons were subjected to injuries. A summary of these injuries is given in Table 

the deploying cushion-collision interaction forces. The Four of these animals (Pigs 8, 15, 16 and 17) suffered 
means and standard deviations of pertinent size, shape fatal brain injuries. A photograph of the brain of Pig 8 

.............. and mass measurements of these animals are given in is shown in Figure 9. Note the extensive subdural 

Table 6. A summary of test results is given in Table 7 hemorrhage. 
for each animal exposed to the deployment-collision 
forces for the test conditions given in Table 2. The peak 
internal inflator pressure is given in Table 7 for all the 
gas generating inflators. No pressures are listed for In- Table 6. Means and standard deviations of pertinent size, 

......... flators 3 and 4 which used compressed gas. Care should shape and mass measurements for the tested 

be exercised in interpreting the HIC and peak resultant animals. 

head acceleration values since head acceleration was not [ 
P,os l 

measured at the center of gravity of the animal’s head, MEASUREMEHT 
STD.~: ] ~!F.IcoEFF. MEAN DEV. VAR.    MEAN    °EV. 

Overall injury severity ratings in terms of threat-to-life ~- 
(TL) and threat-of-permanent impairment (PI) are given AGE ~EARS~ 0.~0 0~0~ ] ~0~         ~ 
for the body regions of the head, neck, thorax and ~o~¥ MASS ~.7 ~..0 I ~ 

I ~0 

abdomen. B~A~N ~ SP~,AL COR~ " 0.09~ 

0.00~i~i 
j          o.~3 

For the pig tests, threat-to-life injuries ranging from 0 
HEART 0.091 0.0~5 0.0~8 0.007 ]0~ 

to 6 were observed for the head, neck and abdominal 
L~VER o.~9o o.0 0.~0~ 
SPLEEN 0.039 0.011 I 28~ ~ 0*028 0.0~9 

regions. Thoracic injuries ranged from TL equal to 0 to LEFT KIONE¥ 0.044 
0.006~i 

] ~44! I         0.0Z9 

0.~S ~7~ 
5. The most significant pig injuries were subdural brain R,GHT ~,D,E¥ o.o~ o.o o~o~ 

hemorrhages, partial transection of the cervical cord, rup- SEATED HEIGHT 7Z3 34 $6~ 13 

ture of the apical odontoid ligament, excessive straining .EAD - NEC~ ~E.~TH ~ ~9 ~Z~ 

of the membranes and ligaments surrounding the atlas’ 
HEAD BREADTH ~0~ ~ .0 

occipital region, cervical spine fractures, lung and heart 
NEC~ C~RCOMFERE~CE ~ ~ ~ ~0 ~4~ 

contusions, persistent abnormal ECG readings, extensive CHEST BREADTH t44 17 112 17 

rib fractures, liver tears, and lumbar spine fractures. Five CHEST DEPTH ~ ~7 ~ 
of the animals (Pigs 8, 14, 15, 16 and 17) died as a result CHEST ~,R~OMFEREN~E ~’~ ~; ~99 ~4 

of their injuries. These test results indicate that the pri- ~DOM*HA~ C,RCO~. ~oo ~ ~3 

mary program objective of obtaining a wide spectrum of A~OOM,HAL BRE~OT. ~43 q43 

injury types and severities to the head, neck and torso 
regions was achieved. O,~ENS,ONS GIVEN ’N 
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Table 7. Summary of test results. 

PEAK ! PK. HEAD PEAK V-D PEAK V-D PEAK ANIMAL INJURY SEVERITY 

ANIMAL ~NFLATOR ! HtC~ RESULT, SPINE STERNUM BLOOD 

NUMBER PRESSURE i ACC.* ACC, ACC,** PRESSURE HEAD NECK THORAX ABDOMEN 

(Mpa) 
i (G) (G) (G) (ram Hg) (TL/PI) (TL!PI) (TL/PI) (TL/PI) 

P~G 8 19,0 [ ........ 375 6/6 6/6 5/3 0/0 

PiG 9 t4.4 i .... 114 -- 570 2/1 0/0 3/! 3/2 

P~G 10 17.0 i 19300 675 101 -~ 500 4/3 0/0 2/! 2/1 

PiG 12 t6.7 8570 350 !20 -- 310 2/0 4/4 3/2 2/1 

P!G 13 i8.4 1080 164 147 -- 530 0/0 3/3 4/3 5/4 

PIG 14 15.2 I 2470 143 152 -- 600+ 3/2 4/4 5/4 6/6 

P~G 15 17.4 10300 494 132 -- 490 6/6 6/6 4/2 4/4 

PIG 16 16,t 22800 798 .... 370 6/5 5/4 3/2 2/! 

P~G 17 15,7 6270 864 .... 600 5/4 5/4 4/3 4/2 

P~G 18 *~ 7410 321 259 -- 325 4/2 3/3 4/3 4/2 

PIG 19 -- I 1760 146 .... 390 0/0 2/1 1/0 1/0 

P~G 21 -- 5060 309 .... 530 1/1 3/3 3/1 0/0 

PIG 28 -- 3790 240 .... 610 2/1 4/4 2/1 3/1 

P~G 23 ........ 280 0/0 3/I 3/1 2/1 

P~G 24 6.0 * 93 -- 190 2/2 3/4 2/1 2/1 

PIG 25 6~8 1350 1~0 55 -- 210 0/0 5/5 2/1 2/1 

PIG 26 5~6 1120 133 48 -- 210 2/1 4/4 2/1 0/0 

PIG 29 7.1 1760 !93 69 -- 380 2/1 3/4 2/1 4/2 

PIG 38 5.8 i .... 121 -- 240 2/2 0/0 4/3 4/2 

PIG 38 5~9 1980 136 t04 -- 390 2/2 0/0 3/2 0/0 

P~G 41 4.7 433 94 79 -- 230 2/1 0/0 1/0 0/0 

P~G 44 4.8 102 53 .... 210 0/0 0/0 1/0 0/0 

PiG 46 -- 897 194 .... 360 2/2 0/0 1/0 2/1 

#~G 47 -- 1770 151 .... 260 0/0 3/3 2/1 1/1 

P~G 5t 9.8 [ 866 103 46 -- 195 0/0 0/0 (3/2) 2/1 

P~G 52 10,3 [ 2140 175 61 -~ 235 1/0 3/4 2/1 2/1 

~G 67 11,0 i t220 121 84 -- 220 2/1 0/0 1/1 2/1 

P~G 68 6.1 i .... 57 -- 400 2/1 3/2 3/2 3/2 

PIG 69 5.5 i 1270 137 60 -- 200 0/0 0/0 1/0 0/0 

PIG 70 11,1 i I020 170 52 -- 260 2/1 4/4 2/1 0/0 

P~G 72 11,6 i 765 164 63 -- 330 0/0 0/0 2/0 2/2 

PIG 80 10.8 ! 455 132 38 1040U 145 2/1 0/0 0/0 0/0 

P!G 81 10.6 i 325 100 85 1260U 160 I 0/0 1/1 1/0 0/0 

P~G 83 10,9 i 450 93 43 685U 178 I 1/1 0/0 1/0 0/0 

P~G 84 11,3 i 765 190 97 1110U 110 I 0/0 i 3/3 1/0 0/0 

PIG 85 9,7 2440 184 166 1400L 420 I 0/0 i 3/4 2/0 0/0 

PIG 87 9.7 1400 252 78 1740M 205 I 0/0 i 2/1 1/0 0/0 

PIG 88 8.9 620 168 62 1340L 255 I 1/0 i 0/0 1/0 1/1 

P~G 89 9,4 345 107 63 1300L 220 I 0/0 i 0/0 2/1 0/0 

PIG 91 9.2 335 76 27 1520M 220 I 1/0 i 0/0 1/0 0/0 

P~G 93 9.7 1850 221 97 570U 480 l 0/0 i 3/4 2/1 1/1 

P~G 94 9.3 3000 332 86 2220L 625 I 2/1 i 4/4 2/1 4/3 

P~O 181 9,5 1018 128 23 103U 280 | 1/1 ! 0/0 2/1 0/0 

I 
BAB 8 13+0 3480 !67 .... 400 I 1/1 i 0/0 2/1 2/1 

BAB 7 9.7 4810 243 297 2340U 490 t !/0 i 3/3 3/1 4/3 

BAB 8 9.5 2650 215 30 1190L 270 
I 

0/0 i 2/1 2/0 3/2 

I 

NOTES: ~ NOT MEASURED AT CENTER OF GRAVITY OF THE HEAD. 
¯ ~ ACCELEROMETER GIVING PEAK RESPONSE: U-UPPER, M-MID~ L-LOWER. 

(    ) - THORACIC INJURY MAY HAVE OCCURRED PRETEST. 

Neck Snjuries- Twenty-four of the forty-six animals 
experienced significant neck injuries. Table 9 gives a sum- 
rrmry of these injuries. Two of the animals (Pigs 8 and 
15) suffered fatal neck injuries. Pig 8 had a subluxation 
of the atlanto-occipital joint with torn joint ligaments and 
extensive subdural and subarachnoid hemorrhages of the 
ce~,’ical cord. Pig 15 had a fracture of the ~orsal arch of 
C5 including the articular process and a partial transec- 
tion of the cervical cord at the level of C5. 

The most frequent neck injury observed was hemor- 
rhage within the atlas-occipital joint capsules and/or hem- 
orrhage dorsal of the membrane covering tl~.e midsagittal- 
ventral aspect of the atlas-occipital junction. Such hem- 
orrhages were observed in twenty of the twenty-four an- 
imals with significant neck injury and appeared to be a 
good indicator of the onset of damage to the apical odon- 
toid ligament, the ligament extending from the tip of the 
odontoid process to the occiput. In a number of instances, 
hemorrhage of the apical odontoid ligament was observed Figure 9. Brain of pig 8 showing extension subdural hem- 
and was rated as TL~I = 3/4. orrhage. 
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Table 8. Summary of animals with significant brain injuries. 

HEAD 
ANIMAL INJURY INJURY DESCRIPTION COMMENTS 

..... NUMBER SEVERITY 
(TL/PI) 

8 6/6 DURAL SINUS LACERATION1 EXTENSIVE SUB- PIG DIED 12 MINUTES POSTtMPACT 
DURAL AND SUBARACHNOID HEMORRHAGE. OF HEAD/NECK INJURIES. 
NO PALPEBRAL REFLEX RESPONSE. 

15 6/6 SEVERE CONTUSION OF BRAIN STEM & PIG DIED 2 1/4 MINUTES POSTIMPACT 
CERVICAL CORD. NO PALPEBRAL REFLEX OF HEAD/NECK INJURIES. 
RESPONSE. 

16 6/5 SEVERE SUBDURAL & SUBARACHNOID PIG DIED 39 MINUTES POSTIMPACT 
HEMORRHAGE OF BRAIN STEM. ABSENT/ OF HEAD/NECK INJURIES. 
DIMISHED/ THEN ABSENT PALPEBRAL 
REFLEXES. 

17 5/4 DIFFUSE SUBARACHNOID HEMORRHAGE. PIG DIED 55 MINUTES POSTIMPACT 
ASYMMETRIC, THEN ABSENT PALPEBRAL OF APPARENT BRAIN STEM INJURY. 

REFLEXES.     MARKED DEPRESSED RESPIRATION 
AND BLOOD PRESSURE. 

10 4/3 ACUTE BRAIN CONTUSION, ISCHEMIC, LEFT 
DORSAL TEMPORAL LOBE. ABSENT, THEN 
DEPRESSED PALPEBRAL REFLEXES, 

18 4/2 DIFFUSE BRAIN CONTUSION. PALPEBRAL RESPIRATION AND BLOOD PRESSURE 
REFLEXES DIMINISHED FOR 30 MINUTES DEPRESSED FOR 10 MINUTES POST- 
POSTIMPACT. IMPACT. 

14 3/2 PARENCHYMAL HEMORRHAGE. ASYMMETRIC, PIG DIED 24 MINUTES POSTIMPACT 
THEN ABSENT PALPEBRAL REFLEXES. DUE TO BLOOD LOSS FROM SEVERELY 

LACERATED LIVER. 

Fractures of the cervical spine were observed in three Thoracic Injuries Sixteen of the forty-six animals had 
animals (Pigs 15, 17 and 68). Pig 15 had a fracture of significant thoracic injuries. These injuries are summa- 

..... the lateral arch of C5 including the articular process rized in Table 10. None of the animals experienced fatal 
which resulted in partial transection of the cervical cord. thoracic lesions; however, Pigs 14 and 8 did suffer critical 
This fracture was rated TL/PI = 5/4 because of the (TL/PI = 5/4 and 5/3, respectively) thoracic injuries. 
consequences of the fracture relative to severe damage to Pig 14 had extensive rib fractures, a first and second 
the cord. Pig 17 experienced a similar type fracture of degree AV block followed by an incomplete right bundle 
C6 without involvement of the articular process or cord branch block, and pathological damage to the heart and 
and was rated as TL/PI = 4/3. Both of these fractures lungs. This animal died 24 minutes postimpact of blood 
were rated more severe than the rating given in the AIS- loss from a severely lacerated liver. Pig 8 had a fracture 
80 code (13) because of the potential for severe cord of the body ofT8, profound bradycardia and pathological 
damage. Pig 68 experienced a simple fracture of the spi- damage to the heart and lungs. This animal died two 
nous process of C7 which was rated as TL/PI = 3/2. minutes postimpact of fatal head and neck injuries. 

Significant pathological changes in the cervical cord Twelve of the sixteen animals had significant patho- 
were found in only four of the twenty-four animals (Pigs logical damage to the heart. Six had significant lung dam, 
15, 25, 12 and 47) that had significant neck injuries. Pig age. Significant changes in ECG occurred in five animals, 
15 had the most severe cord trauma, a partial transection including one baboon. Five animals had rib fractures with 
which was rated as TL/PI = 5/3. Pig 47 had cord damage Pig 14 having the most extensive fractures. Three animals 
rated as TL/PI = 3/3 without any evidence of cervical (Pigs 8, 18 and 68) had thoracic vertebral fractures. The 
spine damage. It is difficult to understand how the cord heart lesion noted for Pig 51 may not have been related 
could be damaged without attendant cervical spine dam- to the impact since histology indicated that it may have 
age. Perhaps the pathological observations of petechial been an old injury. 
hemorrhages is an artifact of the histology or necropsy In a number of cases, the overall thoracic injury rating 
protocol, is more severe than any of the individual ratings. These 
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Table 9. Summary of animals with significant neck injuries. 

CERVICAL SPINE 
NECK 

ANIMAL INJURY SPINAL ATLAS-OCCIPUT FRACTURE OTHER 
NUMBER SEVERITY CORD JOINT DAMAGE 

(TL/PI) (TL/PI) (TL/PI) (TL/PI) (TL/PI) 

P~G 8 6/6 2/2 6/6 0/0 

PIG 15 6/6 5/3 4/4 5/4 PARTIALLY SEVERED 
CERVICAL MUSCLE (3/3). 

PIG 25 5/5 3/2 5/5 0/0 

P ~ G 16 5/4 2/1 4/4 0/0 

P I G 17 5/4 1/0 3/3 4/3 

PIG 2.6 4/4 2/1 4/4 0/0 

PIG 94 4/4 2/1 4/4 0/0 

PIG 70 4/4 0/0 3/4 0/0 HEMORRHAGE, ATLAS- 
AXIS JOINT (3/3). 

PtG 22 4/4 0/0 4/4 0/0 

PIG 14 4/4 2/2 4/4 0/0 

PIG 12 4/4 3/2 4/4 0/0 HEMORRHAGEIC CERVICAL 
MUSCLE (3/2). 

P~G 85 3/4 0/0 3/4 0/0 

PiG 52 3/4 0/0 3/4 0/0 

PIG 29 3/4 0/0 3/4 0/0 

PIG 24 3/4 0/0 3/4 0/0 

PIG 93 3/4 1/0 3/4 0/0 

BAN 7 3/3 0/0 3/3 0/0 

DIG 18 3/3 2/1 3/3 0/0 

D I G 13 3/3 0/0 3/3 0/0 

DIG 84 3/3 0/0 3/3 0/0 

PIG 21 3/3 0/0 0/0 0/0 HEMORRHAGE, ATLAS- 
AXIS JOINT (3/3). 

PIG 47 3/3 3/3 0/0 0/0 

PIG 68 3/2 0/0 0/0 3/2 

PIG 23 3/1 0/0 0/0 0/0 CONTUSED MUCOSAL 
SURFACE, LARYNX (3/1). 
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Table 10. Summary of animals with significant thoracic       Table 11. Summary of animals with significant abdomina{ 
injuries,                                             injuries. 

.......... ~ ....... ~ /~ o,o o/o Abdo l Inj ries~Thi~ th fo~y 1 

....... ~ ~.    ~/~ o/~ ~0 including two of the three baboons, had significant ab- 

..... ....... ~ ~/ .... dominal injuries (Table 11). The liver was the most fre- 

quently injured abdominal organ. Nine of the fou~een 

................. ,~    0/~ animals had lacerated lobes and/or junctional tears of the 

...... ~ ~ ..... ~ .... ~o liver which were rated as TL equal to four or greater. 

Pig 14 died 24 minutes postimpact of blood loss from the 

severely lacerated liver shown in Figure 10. Pig 13 had 

higher severity ratings reflect the possible synergistic ef- a deep rent on the right lobe of the liver that resulted in 

f~t of multiple si~ificant thoracic injuries, ischemic necrosis of the parenchyma, peripheral to the 

The most frequent gross cardiac pathology obse~ations tear, Figure 11. 

were subendoc~dial petechiae and/or eccyhmoses of the 

inte~entficular septum and/or papilla~ muscle of the 

left ventricle. Such hemorrhages were obse~ed in both Distribution of Various Mechan~ca~ Response 
impacted animals and in non-impacted, control animals. Measurements Within Discrete 
Since it was not possible to separate the a~ifactually Classifications 
jinduced hemorrhages from impact-induced hemo~hages, 

all such hemorrhages were rated as impact induced. For each animal, the mechanical response measure- 

Changes in the animal handling and euthanasia tech- ments listed in Table 7 were paired with threat-to-life 

niques were instituted in an attempt to reduce the oc- (TL) injury severity ratings for selected body regions~ 

currence of a~ifactually induced hemo~hages, HIC’s were paired with the TL ratings for the head, peak 

Figure 10. Severely lacerated liver of pig 14. Figure 11. Ischemic necrosis of the liver of pig 13 periphera~ 
to the laceration. 
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~ Pros 

I    1     I    I    I    I    I 

Figure 12. Distributions of head HIC values wi~hin the various 
P~K Y~NTRO-DOR~L THORACIC ~PIN5 

head TL classifications.                                         ~¢~L~R~TION - 

res~hant 5ear accelerations w~t5 neck J~juT~ T£ ~fi~s, Figure 14. Distributions of peak ventro-dorsal thoracic spine 
~d ~ak ve~tm-do~sa] tSo~ac~c spJ~e accde~afio~s w~t5 acceleration values within the various thoracic TL 
t~ t~on~x and tSe abdome~ T£ ~afi~s. T~ese pai~s classifications. 

are displayed in Figures 12 through 15 for the body re- 

gions of the head, neck, thor~ ~d abdomen, respectively, each related to a different physical parameter or combi- 
ne thor~ic inju~" rating for Pig 51 was not plotted since nations of parameters. The implication of these overlaps 
the i~ury could have occu~ed pret~t. The thoracic and is that Nven a vNue of one of the measured responses, 
a~ominaI inju~ ratings for Bab~n 8 were not plotted the inju~ severity cl~s~cation for the co~es~nding 
~cause the sensivity axis of the thoracic spine acceler- ~dy region is not uniquely defined. In such cases, one 
ometer was not align~ with the dkection o~ the cushion- must speak of the probability for various levels of ~ju~ 
animal interaction force for the ~mal ~sition that was severity. 
used (s~ Figure 5). The TL ratings are shown as discrete In several cases, an extreme of a mechanicN response 
classifications, rank~ in te~s of incre~ing ~nju~ se- range for a Nven body region ~d inju~ severity classi- 
verity. Lineafity of severity should not ~ ~sumed ~- fication appears to be ~ outlier. Such outliers could be 
tween the integers assigned to the vm~ous classifications, due to a number of causes such as mech~ical res~nse 

Note that for a given body re,on, many of the me- measurement a~ifacts, undia~osed injuries, or ~jufies 
ch~ical r~nse rang~ for the various discrete TL clas- that occur as the resMt of procedurN techniques and not 
sificafions overlap. Two ~ssible reasons for these the test environment. For exmple, Pig 12 had a HIC of 
overlaps are: i) the animals have different levels of i~u~" 8570, but only a moderate head inju~ (see Fibre 12, 
susceptibility, and ii) the measured r~ponse values chosen 

may not be the most appropriate indicators of the inju~ 

severity rating of the body re,on. It may be that a ~ven 

iNu~ ty!N can ~ pr~uced by a va~ety of m~haNsms, 
o 

z ~ ~ 
i I     I     I      I     I     I 

~ U } ] J ] 1 I I I 
z ~ ,c.~ .~c~ ~ ~ ~0 s~, ~ ~ < PEAK VENTRO-DORSAL THORACIC SPINE 

ACCELERATION - G 
PEAK HEAD RESULTANT ACCELERATION -- G 

Figure 15. Distributions of peak ventro-dorsal thoracic spine 
Figure 13. Distributions of head resultant acceleration val- acceleration values within the various abdominal 

ues within the various neck TL classifications. TL classifications. 
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injuries (TL = 5). The more significant injuries were 

subdural brain hemorrhages, partial transection of the 

cervical cord, rupture of the apical odontoid ligament, 

........... 
~ 

-- excessive straining of the membranes and ligaments sur- 

O_ 6 ~.- ® ~ o ~ rounding the atlas-occipital region with attendant hem- 

~ __ orrhaging, cervical spine fractures, lung and heart 

~ __ contusions, persistent abnormal ECG readings, extensive 

5 4 ~- ~ ~ ~x ~ % rib fractures, liver tears and lumbar spine fractures. Five 

19 x of the pigs died as a result of their injuries. Three baboons 

....... i-- were used in the program and experienced similar, but 
~, LEGENO 

less severe injuries than pigs that were exposed to similar 
~1~ ® -- PIGS 

~ x-~AaOONS test environments. The animal injury data were needed 
~ 2 ~-- ~ 

~ ~ x 
to interpret the significance of the responses of a specially 

-- -- instrumented child dummy (11) that was being used in 

~ ~ GM’s passenger inflatable restraint development pro- 

.... 
~ 

0 [-- gram. That interpretation is the topic of a separate paper 

by Mertz and Weber (12). 

~ o s ~0 ~ 2o 
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interpretations of the impact Responses of a 3-Year-Old Child 
Dummy Relative t:) Child Injury Potential 

H. J. MERTZ and D./. WEBER iNTRODUCTION 
General Motors Cor 3oration 

A specially instrumented, 3-year-old child dummy (1) 

ABSTRACT was used to evaluate the performance of the second-gen- 

eration, passenger inflatable restraint system being de- 

An analysis is presented tl~at was used to interpret the veloped by General Motors Corporation. While it was 

significance of response mea i;urements made with a spe- possible to assess the performances of various inflatable 

cially instrumented, 3-year-:~ld child dummy that was restraint concepts based on the relative magnitudes of the 

used to evaluate child inju y potential of the second- child dummy response measurements, no basis existed to 

generation, passenger inflata i~le restraint system that was interpret these measurements relative to child injury po- 

being developed by General Motors Corporation. Anes- tential. In previous studies by General Motors Corpo- 

thetized animals and a specially instrumented child ration (2) and Volvo (3), anesthetized baboons, 

dummy, both 3-year-old child surrogates, were exposed chimpanzees and pigs were used as child surrogates to 

to similar inflating-cushion, simulated collision environ- estimate the child injury potential of various passenger 

ments~ The exposure enviro:arnents were chosen to pro- inflatable restraint concepts. Unfortunately, no attempt 

duce a wide spectrum of animal injury types and was made in either program to develop a test device 

severities, and a corresponcling broad range of child (instrumented child dummy) to aid in understanding the 

dummy responses. For a given exposure environment, the relationships between the observed animal injuries and 

animal injury severity ratings for the head, neck, thorax the cushion-collision interaction forces. 

and abdomen are paired w th dummy response values To develop a basis for interpreting the responses of the 

corresponding to these body regions. These data are used child dummy relative to child injury potential, an animal 

to develop relationships tha: can be used to predict the test program was again needed. The program proposed 

probability of an animal eXl: eriencing significant injuries was to expose anesthetized animals and the specially in- 

to these body regions based ~n the child dummy response strumented child dummy to similar deploying cushion- 

measurements. A rationales developed for interpreting collision interaction environments. Exposure environ- 

the predicted animal injur3 severities relative to child ments were chosen to produce a wide range of animal 

injury severities, injury types and severities, and a corresponding broad 
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spectrum of child dummy responses. This scheme would 
allow association to be made between the animal injury        "~- 

severity ratings for the head, neck, thorax, and abdomen       ~ ~- 
and the dummy response measurements for the corre-        ~ ~ 

............ sponding body regions. A detailed description of the an- ¢- ~’ ~- 
~0 

imal test program and observed animal injuries is given 
by Mertz et al. (4). The following describes the analyses o ~ ~- ................ 
that were done of that animal injury data and the cur- ~- ’ ~- 
responding child dummy response data to estimate child to’~ ° ~- .... ~ ............... 

.......... injury potential due to inflating cushion-collision inter- 
actions. 0 ~0o ~00 6°° 

PAIRED ANIMAL INJURY AND CHILD 
Figure 1. Paired child dummy HIC values and animal head 

TL values. 
DUMMY RESPONSE DATA 

Animal Tests SELECTION OF CHILD DUMMY AND 
ANIMAL TEST DATA 

Forty-three pigs and three baboons were subjected to 
a spectrum of deploying cushion-collision interaction For each animal exposed, a similar test was conducted 

........... forces, with each animal being subjected to a single ex- using the instrumented child dummy. High-speed films 

............... posure (4). Physiological measurements made pre- and of paired animal and dummy tests were reviewed to de- 

postimpact were: blood pressure, 6-lead ECG, heart rate, termine if the kinematics of the animal and dummy were 

respiration, rectal temperature, visual and somatosensory similar. In a number of cases, gross differences in kine- 

evoked responses, reflex responses to toe and ear pinch, matics were noted. Data from those tests were excluded 

palpebral reflex, pupil size and reactivity to light, muscle from the correlation analysis. A comparison of inflator 

............ tonus, and blood gases. Drugs were administered in suf- characteristics was made between paired dummy and an- 

............... ~cient dosages to assure that the animal was immobile imal tests. In several cases, gross differences were noted 

and had adequate pain suppression while retaining good in the performance of the inflators and the results of those 

neurological response levels for the physiological testing, tests were excluded from further analysis. The remaining 

If the animal survived the exposure, it was sacrificed paired animal and child dummy data were subjected to 

usually 24 hours posttest. A detailed gross necropsy was the following analysis. 

performed on all animals. Selected sections of the brain, 
spinal cord, heart and lungs were examined micro- ANALYSIS OFCHILD DUMMY ANDANIMAL 
scopically. TEST DATA 

The resulting physiological and pathological data were 
evaluated by a team of medical specialists that consisted The head injury severity TL rating for each animal was 
of a neurophysiologist, a neuropathologist, a cardiac pa, paired with the child dummy HIC value that was meas- 
thologist, a cardiologist, a pulmonary specialist and a ured in a similar exposure environment. These pairings 

biomechanics specialist/physician who was the team are depicted in Figure 1. Similar pairings were done for 
leader. The medical specialists were directed to assess the the head TL ratings and peak child dummy neck tensions 
severity of the animal injuries as if the injuries had oc- (Figure 2), the neck TL ratings and peak child dummy 
curred to a 3-year-old child. When all the injuries for a neck tensions (Figure 3), the thoracic TL ratings and 

given animal had been rated, injury severity ratings in peak child dummy upper-spine resultant accelerations 
terms of threat-to-life (TL) and permanent impairment (Figure 4) and maximum rate of chest compressions (Fig. 

(PI) were assigned to the body regions of the head, neck, ure 5), and the abdominal TL ratings and peak child 

thorax and abdomen. For the head, neck and abdomen, dummy lower-spine resultant accelerations (Figure 6) and 

the overall body region TL ratings ranged from no injuries maximum rate of abdominal compressions (Figure 7)~ 
(TL = 0) to nonsurvivable injuries (TL = 6). Thoracic Child dummy neck tensions were paired with head TL 
injury severity ratings ranged from no injuries (TL = 0) ratings (Figure 2) because the significant head injuries 
to critical injuries (TL = 5). In the following analysis, that were produced in the test program were subdural 
these TL ratings for the four body regions of each animal hemorrhages that appeared to be related to rapid rearward 

will be paired with corresponding child dummy response displacement of the animal’s head relative to its torso. 
measurements. The PI ratings will not be used in this Neck tension along with HIC were thought to be go~ 

paper, indicators of severity of this kinematic behavior. Conse- 
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Figure 2. Paired child dummy neck tension values and an-    Figure 5. Paired child dummy maximum rate of chest 
imal head TL values,                                    compression values and thoracic TL values. 

.~ ->co -,<’,o ~ ~ooo ~e~ ~ ~s~ ,ooo LOWER SPINE PEAK RESULTANT ACCELERATION ~ G 

NECK TENSION -- N 

Figure 6. Paired child dummy peak lower-spine resultant 
Figure 3. P~ired child dummy neck tension values and an- acceleration values and animal abdominal TL val- 

imal neck TL values, ues. 

.j 

UPPER SPINE PEAK RESULTANT ACCELERATION -- ~ MAXIMUM RATE OF ABDOMINAL COMPRESSION 
km/h 

Figure 4. Paired child dummy peak upper-spine resultant Figure 7. Paired child dummy maximum rate of abdominal 
acceleration values and animal thoracic TL values, compression and animal abdominal TL values. 
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quently, both child dummy responses were paired with to the exact test condition needed to produce the levels 

the animal’s head TL ratings, of injury severities that resulted. For this reason, the 

To emphasize that linear relationships do not exist measured child dummy response values that were paired 

between the integer values assigned to the various injury with the resulting injury severity ratings are greater than 

severity classifications, adjacent TL classifications shown (very seldom equal to) the threshold values for the animal. 

on Figures 1-7 are separated by a space. A larger space Consequently, the mean value of the child dummy re- 

is used between the TL = 2 and TL = 3 classifications sponse data for a given injury severity classification and 

to distinguish between significant injuries (TL = 3, 4, 5 body region is greater than the 50 percent value. 

and 6) and nonsignificant injuries (TL = 0, 1 and 2). A second important feature is that the distribution of 
the child response data within a given injury severity 

DISCUSSION OF ANIMAL INJURY--CHILD 
classification for a given body region can be highly de- 

DUMMY RESPONSE ASSOCIATIONS 
pendent on the investigator’s choice of test conditions. 
This feature can be illustrated by the following example. 

Extremes of Injury Severity Classifications Assume that all the animals have the same well-defined 
thresholds (child dummy HIC values of 600, 1000, 1500) 

The extremes of the range of the child dummy response for TL = 2, 3 and 4 head injuries. With this assumption, 
data for a given body region and TL classification are all child dummy HIC values between 600 and 999 will 
bounds for the child dummy response value that is as- be paired with animal TL’s of 2 and all HIC values 
sociated with 50 percent of the animals experiencing that between 1000 and 1499 would be paired with TL = 3 
level of injury severity for the prescribed body region, head injuries. The investigator selects his test matrix so 
The lowest child dummy response value of the range is that the child dummy HIC values range from 500 to 
a conservative estimate of the 50 percent value, while the 2000. If he chooses to conduct most of his tests for the 
largest value is a nonconservative estimate. The actual 50 TL = 3 range (1000 to 1499) close to the threshold of 
percent value will lie somewhere between the extremes 1000, then the average for the TL = 3 classification will 
and will not be, in general, the mean value of the child be close to 1000. However, if he chooses instead to con- 
dummy response data associated with the given TL duct most of his test for this range close to 1499, then 
classification, the average will be close to 1499. An even distribution 

of tests over the range will give an average close to 1250. 

Distribution of Dummy Response Data for a All three of these mean HIC values are dependent on the 

Prescribed TL Classification and Body Region investigator’s choice of exposure environments and are 
nonconservative estimates of the child dummy 50 percent 

There are two important features of the distribution of value for the threshold of TL = 3 injuries, which in this 

dummy response data for a prescribed TL classification example is 1000. 

and body region that need to be considered. First, the 
mean value of the child dummy response data for a given Overlap of Ranges of Child Response Data 
injury severity classification and body region is always of Adjacent Injury Severity Classifications 
greater than the child dummy, 50 percent response value. 
To understand why the mean value is a nonconservative If in the preceding example the assumption was made 
estimate, the procedure used to select the test conditions that the animals had different thresholds of dummy HIC 

must be examined. Test conditions were selected to obtain values for TL = 3 head injuries, then an overlap in HIC 
a broad range of child dummy response data for the body values would exist between the ranges of the TL = 2 and 
regions of the head, neck, thorax and abdomen. It was TL = 3 injury severity classifications. Let’s assume fur- 

conjectured that the selection process would result in ther that the actual ranges of HIC values for the TL 
exposure environments that would produce a wide spec- 2 and 3 classifications are 600 to 1000 and 800 to 
trum of animal injury types and severities, which it did. respectively. Then, for HIC values within the overlap (81)3 

The test conditions were not selected to determine what to 1000), an uncertainty exists as to the injury severity 
levels of the child dummy response would correspond to level that a given animal might experience. For HIC 
the thresholds of the various injury severity classifications values within the overlap, estimates of the percent of 

for the four body regions of the animal population that animals experiencing TL = 2 and TL = 3 head injuries 
was tested. Such an approach would have required con- are needed. 
ducting multiple tests (0 or greater) for many, many levels One approach to estimating these percentages is to 

of child dummy responses. Hundreds of animals and a assume that the thresholds of HIC values for TL = 3 
similar number of inflatable restraint systems would be injuries are normally distributed within the overlap. Im- 
needed, both of which were clearly inconsistent with the plicit in this assumption is the requirement that the HIC 
program time frame and resources. With the approach value corresponding to the mid-point of the overlap is 
that was used, it is unlikely that any animal was exposed the child dummy 50 percent value; To estimate how the 
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percent of animals experiencing TL = 3 head injuries expected to experience various levels of injury severity 

varies, all the HIC values within the overlap (both those for a given value of child dummy response. The median 

associated with TL = 2 injuries and TL = 3 injuries) ranking technique discussed previously can be applied to 

are ranked ordered. These HIC values are assigned me- these data if the seven classifications of injury severity 

dian ranking values based on their order numbers (5). can be reduced to two. This can be accomplished by 

The lowest and highest median ranking values and their defining two groups: significant injuries (TL = 3, 4, 5 

corresponding HIC values are plotted on normal prob- and 6) and nonsignificant injuries (TL = 0, 1 and 2). 

ability paper. A line drawn through these two points The results of applying the median ranking technique to 

provides estimates of the percent of animals expected to the data shown on Figures 1-7 grouped in this manner 

experience TL = 3 head injuries for various child dummy are given in Figures 8-14, respectively. The percent of 

HIC values. The median ranking values of the other HIC animals expected to have nonsignificant injuries for a 

values within the overlap are not plotted since their dis- given body region is 100 percent minus the percent es- 

tribution can be biased by the investigator’s choice of test timated to have significant injuries. The curves of Figures 

conditions. 8-14 should not be construed as showing causative rela- 

It is possible that the test conditions and/or animals tionships, since the analysis is based on associations made 

are chosen so that there is no overlap of the HIC values of measured child dummy responses and observed animal 

paired with TL = 2 and TL = 3 head injuries. If such injuries. These curves can be used to define a set of child 

is the case, then the 50 percent HIC value is taken as the dummy response values corresponding to any prescribed 

average of the highest HIC value corresponding to a TL percent of significant animal injuries for the body regions 

= 2 head injury" and the lowest HIC value corresponding of the head, neck, thorax and abdomen. 

to a TL = 3 head injury. The highest TL = 2 HIC value 

is assigned the median ranking value of 0.2063 and the RELATIONSHIP BETWEEN OBSERVED 
lowest TL = 3 HIC value is assigned a value of 0.7937. ANIMAL INJURIES AND POSSIBLE CHILD 
These are the median ranking values for the first and INJURIES 
third order numbers for a sample size of three (5). 

Both of these approaches have two shortcomings. The 
The curves shown in Figures 8-14 provide estimates of 

lowest HIC value within the overlap will usually be 
the probable occurrence of significant animal injuries for 

greater than the threshold HIC value for that animal and 
various levels of measured child dummy responses. What 

the highest HIC value will be less than the threshold HIC 

value for its corresponding animal. Thus, the median 

ranking value assigned to the lowest HIC value will be 

somewhat tess than the true median ranking value for 

that HIC value. The reverse is true for the median ranking 

value assigned to the highest HIC value. The implications 

of these shortcomings are that the percent of the animals 

experiencing TL = 3 head injuries is underestimated for 

HIC values below the 50 percent value and overestimated       "’ 
90 

for HIC values greater than the 50 percent HIC value. 

/ For the case where there is no overlap, the reverse of this 
o 

irr~plication is true, since the roles of the lowest TL = 3 ,’r    7o 

HIC value and the highest TL = 2 HIC value are in- 

terchanged in defining the median ranking values. In both 
~ 40 

~                    
/ 

cases, the error in estimating the child dummy 50 percent 

value depends on how close the median rankings assigned ~    30 

to the extreme HIC values are to their true values. 

5 
APPLICATION OF MEDIAN RANKING z 
TECHNIQUE TO ANIMAL INJURY--CHILD 
DUMMY RESPONSE ASSOCIATIONS 

a. 1300 1400 ~800 ~6oo ~7oo ~8oo 19oo 

A review of the data shown on Figures 1-7 indicates HIC 
that in most cases there is considerable overlap between 

the ranges of child dummy responses t’or the various injury Figure 8. Percent of animals experiencing a significant head 
severity classifications for a given body region. Within injury (TL greater than 2) as a function of child 

these overlaps, one must speak of the percent of animals dummy HIC. 
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Figure 11. Percent of animals experiencing a significant tho- 

Figure 9. Percent of animals experiencing a significant head racic inju~ (TL greater than 2) as a function of 
inju~ (TL greater than 2) as a function of child child dummy peak upper-spine resultant accel- 
dummy neck tension, eration. 

99 

95                                                   O 

~ 9o 
~ 

~ 9o 

5 

~ 1 I I 1 I t I I 
~ 

+0    ~5    20    25    30    35    40 

~XI~M~ R~TE OF THORACIC OO~RE$SION - 

NEO~ TEN$1ON - N 

Figure 12. Percent of animals experiencing a significant tho- 
Figure 10. Percent of animals experiencing a significant racic inju~, (TL greater than 2) as a function of 

neck injuN (TL greater than 2) as a function of child dummy m~imum rate of chest compres- 
child dummy neck tension, sion. 
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98                                                                                                           98 

/ o / 
- 

! 
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PEAK RESULTANT LOWER - SPINE ACCELERATION - G MAXIMUM RATE OF ABDOMINAL COMPRESSION - km/h 

Figure 13. Percent of animals experiencing a significant ab- Figure 14. Percent of animals experiencing a significant ab- 
dominal injury (TL greater than 2) as a function dominal injury (TL greater than 2) as a function 
of child dummy peak lower-spine resultant ac- of child dummy maximum rate of abdominal 
celeration, compression. 

is desired are curves giving estimates of the probable 1. The pig’s thoracic and abdominal breadths compared 
occurrence of significant child injuries for various levels more favorable to the child’s (Table 1). The implication 
of measured child dummy responses. One approach to of this consideration is that the thoracic-abdominal 
developing such relationships is to infer the probabilities cushion interaction would be more comparable to 
of significant child injuries from the probable occurrence those of the child. 
of animal injuries given by the curves of Figures 8-14. To 2. The state of physical development of a 15 kg pig was 
develop such inferences, a comparison of the geometric, estimated to be quite comparable to a 3-year-old child 
inertial and strength characteristics of the child and the based on a comparison of human versus pig puberty 
animal must be made. ages (Table 1). The equivalent child age of the 15 kg 

pig was estimated to be 4.2 years while that of the 
baboon was 16.3 years. The implication is that the 

Animal Species Selection Rationale strength of the anesthetized pig would be similar to 
that of a child. 

The primary considerations used in selecting an animal 3. Based on a limited test program (4) where pigs and 
species for the test program (4) were that its weight and baboons were subjected to similar deploying cushion- 
size be comparable to a 3-year-old child, which was the collision environments, the pig experienced similar, but 
size of the child dummy being used by GM to evaluate in some tests, more severe injuries than the baboon. 
various passenger inflatable restraint system concepts. It This result is consistent with the previous implication 
was reasoned that animal surrogates that had overall geo- that the physical development of the 15 kg pig is not 
metric and inertial characteristics that were similar to the as advanced as the 15 kg baboon. Using the apparently 
child would experience similar cushion-collision inter- more injury prone pig would provide a more conserv- 
action forces as the child. Three animal species, the chim- ative estimate of the expectation of significant injuries. 
panzee, the baboon and the pig, were considered as animal 
models. Based on comparable size and shape, the chim- Animal Model Deficiencies 
panzee was the logical choice. However, chimpanzees 
could not to be obtained in sufficient quantities to carD" There are a number of geometric and response differ- 
out the proposed number of tests. Consequently, only the ences between the pig and the baboon, and more impor- 
baboon and the pig were considered as possible child tantly between either animal and the child. These 
surrogates. While testing was done with both animal spe- differences can influence the interactions between the de- 
cies, the majority of the tests were conducted using an- ploying cushion and the subject, and consequently, affect 
esthetized pigs for the following reasons: the resulting injury pattern. 
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Table 1. Typical size, shape and mass measurements for The baboon can undergo a greater degree of hyperexten- 
15 kg pigs, baboons and children (4). sion than the child. The pig’s neck circumference is twice 

as large as the child’s due to its large dorsal neck muscles. 
3-YEAR-OLD 
MALE CHILD 

MEASUREMENT OF AV~oRFAGE 
AVERAGE However, these muscles had little influence on its head- 

~ ~,os 4 ~ABOONS VALUE REF.* neck kinematics since the animal was anesthetized. The 

AGE ~YEARS~ 0.19 4.3 3 cervical vertebrae of the pig and child are of similar size. 

E~ ..... E ..... LD ,.~ ~ ~ The pig has a major anthropometric deficiency as a 
A~E ~Y~ARS~** 

child thoracic injury model in that its chest depth to width 
MA~S <~ 1~.~ ~.~ 1,.~ ~ 

ratio is the inverse of the child’s (Table 1). Because of 
SEATED HEIGHT (ram) 746 641 592 6 

....... H~AO-.EC~ LE.GT. <~m) z ..... zz6 , this geometric difference, the pig’s fore-aft chest stiffness 

HEA~ ~,D~N (m~ 1, 11o 1~ ~ is greater than the child’s resulting in greater force levels 
~OR~ ..... EAO ,~ ~0 10~ ~ required to produce compression type injuries to the tho" 

MOTION (DEG) 

racic organs. This geometric difference could result in the 
NECK CIRCUMFERENCE (mm) 4~1 271 243 6 

CHEST CIRCUMFERENCE (~ SZ~ so9 s~ 6 pig underestimating the possibility of the child experi- 

CHEST BREAOTH ~o, ~ ~10 ~S ~ encing thoracic organ injuries due to chest compression. 
......... CHEST DE .... 0 ~BE ...... 33 ].44 0.67 ~ The baboon also has this geometric deficiency. 

RATIO 

ABD .......... COMFE~ENC~ ~0 ~9~ ,~ ~ An in-depth study of the influences of all these various 
AT OMB~L,Co~ ~ deficiencies is beyond the scope of this paper. A study 

.... ~tLtCOs ~ was undertaken to investigate the influences of the neck 
deficiencies since significant neck injuries were the most 

NOT~S: frequent animal injury (Figure 3). The results of that 

....... ¯ NUMBERS RE~R TO ~ERS tN L,~T OF ~E~ERENCES. study, when completed, will be the subject of a separate 
paper. 

Neither animal’s head is geometrically similar to the Interpretations of Measured Child Dummy 
child’s. The pig’s head size is comparable to a child’s; Responses Relative to Child Injury PotentiN 
however, its shape is not due to its snout. The baboon’s 
head is much smaller than a child’s, and is characterized 

The approach used to estimate the possibility of child 

by a pronounced muzzle, similar to a dog’s head. These 
injuries for GM second-generation, passenger inflatable 

characteristics will influence how their heads interact with 
restraint development program was to assume that a 3- 
year-old child would experience similar injury types and 

deploying cushions, 
severities as the anesthetized animals. The curves shown 

The brain sizes of both animals are much smaller than 
in Figures 8-14 were used to provide a preliminary esti- 

the child’s. Consequently, neither animal is considered a 
good model for predicting the potential for child brain 

mate of the probability of significant child injury based 
on measured child dummy responses. The final estimates 

injury due to direct head impact. However, such impacts 
were rare events in the test program. The significant head 

were based on these preliminary estimates, tempered by 

injuries that were produced in the program were massive 
the knowledge of the various animal model deficiencies 
discussed previously. 

subdural hemorrhages that appeared to be related to rapid 
rearward displacement of the animal’s head relative to its 
torso and not to direct head impacts. 

For assessing the potential for child neck injuries, the SUMMARY 
pig has an advantage over the baboon since its head-neck 
length compares more favorably to the child’s. However, A technique is given for estimating the potential for 
both species have a number of major deficiencies as neck significant child injury due to deploying cushion-collision 
injury models. The pig has no chin protuberance for in- interactions forces based on measurements made with a 
teracfing with the deploying cushion since its neck at- specially instrumented, child dummy. These estimates 
taches to the rear of its skull resulting in its snout being should be tempered by the various geometric and response 
somewhat aligned with its cervical spine. In contrast, the deficiencies noted for the animals that were used as child 
baboon’s neck attaches to the base of the skull similar to injury models. This approach proved quite useful in eval- 
the human. However, its long muzzle provides an accen- uating various concepts of a second-generation, passenger 
tuated, simulated chin protuberance. The fore-aft range inflatable restraint system that were being developed by 
of motion of the pig’s head-neck structure is much less GM. The use of this approach should reduce the need 
than the child’s, resulting in a smaller degree of rearward for animal testing in any future inflatable restraint de- 
motion required to produce a hyperextension neck injury, velopment program. 
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Clinical and Experimental Studies on Leg Injuries in Car-Pedestrian 
Accidents 

O. BUNKETORP, B. ALDMAN, and INTRODUCTION 
L. THORNGREN 

The aggressiveness of the vehicle front is an important 
Department of Traffic Safety, safety problem in car-pedestrian accidents. Data from real 
Chalmers University, of Technology, accidents as well as from experimental testing using me- 
GOteborg, Sweden chanical or mathematical simulations of the car and the 

human body have been used to evaluate an optimal car 
B. ROMANUS exterior. The bumper and bonnet edge have been shown 

Department of Orthopaedic Surgery II, to be important injury-producing structures (1-15). The 
University of GOteborg. majority of the car-pedestrian accidents occur in urban 

areas and at comparatively low speed. This leads to the 
assumption that it may well be possible to influence the 
severity and frequency of pedestrian injuries by rather 

Leg injuries in car-pedestrian accidents were analysed moderate changes of the front structures of motor cars. 

and correlated to the speed, the bumper level and the Accident investigations of car-pedestrian collisions 
inclination of the car front. The injury mechanisms, not have revealed that severe injuries occur in two main areas 

always obvious in these accidents, were studied experi- of the human body: the lower extremity and the head. 
mentally with a biomechanical impact system using hu- Of these two types of injuries the head injuries have been 
man leg specimens and a mechanical leg model, considered to be the more important ones to prevent 

The results from these studies showed a high injury because they are thought to represent a higher risk of 
potential of a bumper impacting at or just below the knee having a fatal outcome. The clinical studies referred to 
level and of a prominent bonnet edge. The experimental in this respect usually describe the short term effects of 
studies indicated a possible way to mitigate the injury these injuries as are given by the AIS numbers (16-18). 
severity of the impacted lower extremity. The bumper impacts often cause fractures to the lower 

A smooth, compliant, force-limiting and energy-ab- extremities. The presence of soft tissue injuries is seldom 

sorbing impact zone with the vertex of the front profile reported even if this will influence the healing time and 
at 35 cm above the ground and a 60 degrees maximum final outcome of the injuries. Delayed union of lower leg 
front inclination angle are proposed to lower the risk for fractures is known to occur after these injuries. 
serious leg injuries and permanent walking impairment Leg injuries often prolong the period of hospitalization 
in pedestrians in this type of accident, and rehabilitation because of the difficulties to mobilize 
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these patients on crutches and different types of knee The connections between head injuries and the bumper 
fixations. The leg injuries may also cause severe social level, the bumper lead angle and the bonnet edge height 
and individual problems. Intraarticular fractures leading are not conclusive. Theoretically the car front parameters 

.... to osteoarthrosis are probably more frequent in the knee which determine the body rotation after the primary ira- 
joint than in the ankle joint and are also more serious pact should be the bumper level, the bumper lead angle, 
than fractures of the tibia diaphysis which usually heal and the bonnet edge height. A low mounting of the 
without sequels, bumper and a short bumper lead distance, thus, have 

Injuries to the knee joint were seen in only 1.5% in been recommended to minimize the injuries to the lower 

patients injured in car-pedestrian accidents as shown by leg and knee. On the other hand a low leading edge of 
Weinreich (19). However, knee ligament injuries may oc- the car front may lead to a higher impact velocity of the 
cur even at near zero impact velocity and they are easily head against the bonnet. In a mathematical simulation of 
overlooked during the first period after the accident which the body kinematics in a car-pedestrian accident Lestrelin 
may lead to an underestimation of these injuries in ac- et al. (22) showed a somewhat higher impac~ velocity of 
cident studies. Intraarticular fractures and extraarticular the head if the bumper level was lowered from 50 to 40- 
fractures near the knee joint which influence the joint 35 cm. The same was obtained if the bumper lead angle 
function in adults and the joint or the epiphyseal growth was diminished. However, the higher risk for head injuries 
plates near the knee joint in children may lead to degen- with a lower bumper level and a less steep front inclination 

erative changes of the joint and permanent impairment, has not been verified in any clinical study. 
This may also be the result of ligament injuries. Gissane 
et al. (20) showed that 21% of surviving pedestrian in- 
patients suffered permanent disability and Baker et al. SCOPE 

........ (21) stressed the importance to create rating systems to 
classify the injured patient before and after admission and The aim of this paper is to put together the results of 

to measure his outcome in all types of accidents. The the studies undertaken by us so far to correlate the type 
and severity of leg injuries to the shape and mechanical long-term effects of specific injuries in car-pedestrian ac- 

cidents remain unknown and have to be studied before properties of the vehicle front structures in car-pedestrian 

final judgments can be made of the aggressiveness of the accidents. The results refer to adults and are based on a 

impact area of the car front, combined clinical and experimental analysis. 

The injury mechanisms in real car-pedestrian accidents 
are sometimes obvious: lower leg and knee injuries may METHOD AND MATERIAL 
be caused by the bumper impact, injuries in the hip and 
pelvic area by the bonnet edge, and head injuries by the The clinical part of this analysis is based on a retro- 
head impact to the bonnet or in the windscreen area. spective study of 34 adult pedestrians injured by cars and 

.... Other details of the impact kinematics are less obvious treated at an orthopaedic department in Grteborg, 1975- 
and this has perpetuated the discussion of how to mitigate 1976 (23). Information in medical records, interviews with 
the injuries in this type of accident. The first impact of patients and witnesses as well as police reports were used 
the car influences the kinematics of the body during the to analyse the accidents and to correlate the injuries to 
later part of the collision and thus also the injuries caused the impact area of the vehicles. Follow-up medical ex- 
by secondary impacts, aminations and interviews were made 1-3 years at’ter the 

accidents. Special interest was focussed on the knee in- 

~ 
/’~ 

juries and the walking impairment caused by the impact 
! of the bumper and the car front. 

// The experimental parts of this research project per- 
formed at Chalmers University of Technology were ac- 

....... complished with a biomechanical leg model system using 

l~ s/ .~ 
a human leg specimen and a mechanical leg model im. 

;7~-.~---~---[ _[ -~- 

pacted by a simulated car front (Fig. 1). The experimental 
equipment and the test method has been described earlier 

\ / 0.| - ~ J c ~’b d (24-26). 

~ge_ ~_ I~ Two test series were made with human leg specimens. 
In the first series the specimens were amputated at the 
mid femur and in the other whole leg specimens including 

a=bumper level d=bonnet edge height the hip joint were used. One test series was made with 
b=burnper width e=burnper lead angle 

c=bumper lead distance (front inclination angle) 
the mechanical leg model in which the direct and indirect 

Figure 1. The experimental set up with a human leg spec- impact forces in the lower leg and knee could be measured 

imen. (25). 
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The injuries produced in these test series were com- The bumper was the most important cause of these in- 

pared with those seen in the real accident study. The juries. The bonnet edge caused injuries to the thigh and 

possibility to mitigate the leg injuries in this type of ac- hip. Fractures of the femur diaphysis or the hip were 

cident was estimated, noted in four accidents. In some accidents the bonnet 
edge may have contributed to the injuries to the knee 

RESULTS 
joint. 

Knee condylar fractures or knee ligament injuries were 
observed if the bumper impacted dose to or at the knee 

The descriptions of the different parts of this research level at lower speeds (< 30 km/h). The same type of 
program have been presented earlier (23-26). The most injuries but more serious ones were seen at higher veloc- 
imF~rtant and conclusive results of the studies are syn. ities at the same level of impact. Above 30 km/h very 
thesized in the following, comminuted lower leg fractures also occurred. Impacts 

by bumpers mounted below 40 cm static level caused low 

The Clinical Study tibia shaft fractures or ankle joint injuries. 
Thirteen pedestrians (38%) sustained knee injuries. 

Injury Distribution and Severity (Table 1). The injuries Seven of these (21%) were intraarticular fractures. If any 
were multiple in most of the accidents. Half of the injured of these were combined with ligament injuries was not 
had two or more fractures. Almost 90% sustained injuries noted in the medical records. In all 7 cases the lateral 
to the lower extremities. In 7 cases (21%) both legs were joint compartment was injured and 5 of these were frac- 
injured. All head injuries were noted. Minor injuries (AIS tures of the tibial condyle. 
= 1) were omitted in the other body regions. In 6 patients (18%) isolated knee ligament injuries were 

l"njuries Related to the Shape qf the Car Front. In 33 noted including avulsion fractures of the ligament at- 
accidents the injuries to the lower extremity were caused tachments. 
by a direct blow of the vehicle. One pedestrian sustained The mechanism of the leg injuries caused by the car 
a knee cap fracture as a result of the fall on the ground impact were studied in 27 frontal collisions. The knee 
after the collision. In another case the victim was overrun injuries (fractures and ligament injuries) related to the 
by the car after the collision which resulted in several static bumper levels and the bumper lead angles are il- 
severe injuries. In 28 cases the impact sequence could be lustrated in Table 2. 
reconstructed. In 23 of these the impact was caused by Diaphyseal fractures of the tibia and the fibula were 
the centre of the car front and in 5 by the front coruers. seen in 14 accidents (41%). Twelve of these were com- 

In these fron~ impacts, the bumper level and the minuted and dislocated and 4 were open. The tibia frac- 
bumper lead angle were used as test parameters for in- tures were located 0-13 cm below the static bumper level 
juries in the different body regions. Thus, injuries caused of the involved car. Severe (AIS = 3) knee injuries were 
by bumpers below the 40 cm level were compared to 
injuries caused by bumpers at or above the 40 cm level, 

not observed with the bumper level below 40 cm. 
Ankle joint injuries were noted in 6 patients (18%). 

In the same way injuries were compared for bumper lead Four of these were fractures. In one of them the fracture 
angles below 70° and equal to or above 70°. The bumper was combined with a lower leg fracture on the same side. 
level is defined as the "static bumper level," i.e., the Healing Time of Leg Injuries. The healing time in 12 
distance between the ground to the midpoint of the cases that survived with tibia shaft fractures were deter- 
bumper width when the car is not braking, mined. The variation was 4-34 months. Half of the frac- 

Fractures or ligament injuries to the lower extremities tures healed within 8 months. In three of these the impact 
were noted in 30 accidents (88%). In 29 of these the velocity was below 30 km/h. Fractures of the upper, 
injuries were caused by the impact of the car and in 28 middle and lower third of the tibia shaft had approxi- 
accidents injuries were noted at or below the knee level mately the same healing time. There was no difference 

between the healing time of tibia shaft fractures caused 

Table 1. Injuries in the different body regions. 
Table 2. Knee injuries (fractures and ligament injuries), static 

bumper level and bumper lead angle. 

Number of 
patients Percent 

with injuries injured 
Static bumper Bumper lead angle 

level 
in this body in this Knee injury < 40 _> 40 cm < 70° > 70° 

Body region region region AIS-range 
AIS cm 

Head 20 59 1-5 
Trunk incl. pelvis 13 38 2-4 

<2 6     9 1 13 

Upper extremities !4 41 2-3 > 2 1 11 2 4 

Lower extremities 30 88 2-3 p(x~) 0.14 > 0.4 

378 



SECTION 5: TECHNICAL SESSIONS 

by bumpers above or below 40 cm level The healing time Table 4. Bumper deformation values. 

of the knee and ankle joint injuries were 2-7 months. 
Impact Defor~ 

Walking Impairment. Four patients who died within Bumper Type width mation Force 
...... one year from the accident as well as 3 patients with No. cm mm kN 

..... injuries only to the upper extremities were excluded from A I Semi-rigid 10 25 1.00 
this part of the study. Twenty-two patients with leg in- SAAB 99 
juries were re-examined 1-3 years after the accident when A II Rigid SAAB 96 3 0 > 1.00 

the fractures were healed. Of these 17 had leg injuries A III Rigid SAAB 96 25 45 0.25 

caused by car front impacts. The walking impairments of 
+ 5 cm plastic 
foam layer 

these patients were estimated in relation to their walking 
capacity before the accident. The following complaints 
were noted: 

A Limited walking range                             for accuracy and repeatability and a preliminary com- 
parison was made with the injuries seen in the real ac- 

B Limited staircase climbing 

C Limp at walking 
cidents. Thirty-six experiments were made with a primary 

..... D Use of walking aid (stick or crutches) 
leg model using human leg specimens amputated at the 

........ E Feeling of leg instability, 
femur (24). 

A 10 cm wide semi-rigid standard bumper (SAAB 99) 
The patients were divided into two classes, those who was used in 16 experiments and a 3 cm wide rigid standard 

complained of 0-2 impairments (I) and those who com- bumper (SAAB 96) was used in 17. The bumper lead 
plained of 3 or more (II). The influence of the bumper distance was 15 cm. The bumper lead angle was 60 de- 
level and the impact velocity on the walking impairment grees. The bonnet height was 50 cm above the bumper 

....... is illustrated in Table 3. level. A 5 cm layer of plastic foam covered the front. In 
Fifteen patients had no complaints from their knee three experiments one similar layer also covered the rigid 

joints. Seven patients had walking impairment caused by bumper and two such layers were used on the front to 
knee injuries. In 6 of these the injuries were caused by reduce the bumper lead to zero. The static deformation 
bumpers at or above the 40 cm level above the ground, characteristics of these front structures is presented in 

........... Conclusions. Even if the material is small and the fol- Table 4. 
............... low-up time is short the following conclusions could be The test cart was accelerated to a constant speed before 

made: the collision. Its mass was approximately 300 kg. A low 
Old pedestrians were more severely injured than (16-17 km/h) or a moderate (23-24 kin/h) impact velocity 

younger ones in car-pedestrian accidents, and a low (25 cm) or a high (45 cm) bumper level above 
The main cause of the long time of hospitalization were the ground were chosen. 

..... the leg injuries. Injuries occurred in 31 experiments. In two experiments 
Knee injuries were caused by the bumpers as well as with legs from people 15 and 16 years of age epiphyseal 

the bonnet edges, fractures near the knee were obtained. Some other typical 
Walking impairment seemed to be correlated to static injuries were seen for example: undisplaced malleolar 

bumper levels above 40 cm. fractures or ankle ligament ruptures associated with a 
The long-term effect of leg injuries in car-pedestrian violent tilting of the ankle joint when the leg was hit by 

accidents was not well correlated to the primary injury the bumper at the lower level and at the lower velocity, 
severity or the impact speed. Further investigations of the comminuted tibia and/or fibula fractures at the impact 
long-term effect of leg injuries are needed, level when the leg was hit at the lower level and at the 

higher velocity, ligament ruptures of the knee joint op- 

The Experimental Studies posite the impact side when the leg was hit at the higher 
level and at the lower or the higher speed, fractures of 

I. The Femur-Amputated Leg Model. During tile first the final or femoral condyles when the leg was hit by 
part of this project the experimental set up was checked the bumper at the higher level and at the higher velocity. 

Table 3. Walking Impairment, Bumper Level and Impact No knee injuries occurred when the leg was hit at the 

Velocity. lower level. 
The type of injury was not clearly related to the age 

Impact velocity or sex of the specimens. In three tests in which the smooth Impairment Bumper level <30 >30 
Class < 40 cm > 40 cm km/h -km/h and compliant front modification was used (A III) lower 

I 4 4 5 3 bumper forces were recorded, 0.7 kN in all three tests as 

II 1 8 3 6 compared to a mean value of 1.2 kN (0.9-1.7 kN) in the 

p(x2) 0.2 > 0.5 corresponding nine experiments with the two production 
bumpers, Even if the differences in body weights are taken 
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Table 5. AIS vs. velocity, km/h (25). The leg specimens then also included the hip 

joint and the lower part of the iliac bone. In most cases 
Velocity (km/h) the specimens were placed vertically with the knee ex- 

AIS 17 24 Total tended and loaded by a simulated body mass. In some 
_<2 7 6 13 
= 3 3 13 16 

cases the load was reduced to study the influence of the 

10 19 29 
ground reaction forces. 

The impact level was 42 or 23 cm above the ground 
Xz= 3.9I plate, i.e., 2-3 cm below the impact levels used in the 

earlier tests. A 3 cm wide rigid metal bumper and a 
specially made 10 cm wide force-limiting bumper was 

into account this discrepancy remains. No obvious cor- 
used in these experiments (Fig. 2). 

relations were noted between the bumper forces, ground 
The force-limiting element of this bumper consists of 

friction forces, the accelerations of the foot and leg re- 
an aluminium tube. This element was mounted between 

corded and the injury ratings in the other experiments, 
two wooden plates and a 2.5 cm thick polyurethane plastic 

nor did the impact angle seem to matter. 
Impact Level, ~mpact Speed, and Injury Severity. The 

foam layer covered the front plate. During impact the 

injury ratings at the two velocities and bumper mounting 
aluminium tube deformed plastically at a force of about 
1 kN. The maximal deformation distance of the tube was 

levels used differed significantly in a X2-test on the 5% 
10 cm. The coefficient of restitution of the polyurethane 

level. This is shown in Tables 5 and 6 for the standard foam layer is 0.4. The mass of the original metal bumper 
bumper types, was three times higher than the deformable one. In order 

In all three experiments with the smooth and compliant to study the influence of the bumper impact separately 
front surface (A III) moderate injuries were noted: un- the bonnet structure was removed in some of the tests. 
displaced malleolar fractures and in one case also a partial Nineteen leg specimens were used in 24 experiments. 
ligament injury of the knee. All these injuries were given They originated from individuals 47-92 years of age. The 
the AIS rating of 2. The difference in AIS rating for this influence of the bumper level, the bumper type, the 
front modification as compared to the production bump- 

bumper lead angle, and the bonnet edge height was stud- 
ers was not statistically significant when comparing the 

ied. 
lower bumper level but it was when comparing both Rigid Bumper at the 42 cm Level and a Prominent 
bumper levels. 

Bonnet Edge. The rigid bumper was used in 5 experiments 
Conclusions. A bumper impacting at 45 cm level above at the 42 cm level. This corresponds to 6-9 cm below the 

the ground, which corresponds to the knee level in most knee joint. The bumper lead angle was 85 degrees, the 
adults, caused knee injuries. A bumper impacting at 25 bonnet edge height 71 cm, i.e., approximately at the mid- 
cm level above the ground, which corresponds to the adult femur level and the impact velocity 20-28 km/h. The 
mid-tibia level, did not cause knee injuries. At this level 

specimens were impacted at the anterolateral aspects. In 
the bumper, however, may cause injuries to the lower leg all these cases severe knee injuries were noted. The body 
or the ankle joint, mass did not influence the type and severity of the injuries. 

A bumper impacting at the knee level caused severe The injury mechanisms with the bumper and the bonnet 
leg injuries (AIS = 3) more often than a bumper im- edge from one of the experiments in this set up are il- 
pacting at the mid-tibia level,                            lustrated in Figure 3. 

The severity of the injuries caused by a rigid metal 
The probable injury sequence in this case was 

bumper and a semirigid plastic bumper did not differ 
significantly. However, by restricting the bumper lead and 1--A transverse fracture below the tibial condyle at 

by making the impact area smooth and compliant the 
severity rating of the leg injuries was limited to AIS 2 
when the impact area was centered to the mid-tibia level 
and the impact speed was below 25 km/h. Polyureihaa Ioam    Al,,mi,i~m tube 

II. The !~’hole Leg Model. A modified leg model was 
used in the same type of impact tests between 20 and 30 

S÷eerlnq rod 
Table 6. AIS vs. bumper level. 

Bumper level (cm) 
~e/a! ~uppor~ AIS 25 45 Total i ~ 

<2 9 4 13 ~ ~ 
=3 5 11 16 t~ ~’~m ~ 

14 15 29 

x~ = 4.~4 Figure 2. The force-limiting bumper. 
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0 -~                                                     ZScm 

Figure 4. Bumper force and inju~ ~n a test with a deformable 
.... ~=~ bumper and a fully loaded leg. 

o ~ ......... ~ -~ n~� 
the bumper height 82 cm. No injuries were noted ~ these 0 $0 
cases. 

....... Figure ~. Kinematics and injuries in one o~ the experiments Deformable Bumper at the 23 cm Level and no Bonnet. 

........ at 28 km/h with a 42 cm bumper level and a In 4 experiments the defo~able bumper was mounted 
prominent bonnet edge. at 23 cm and the simulated bonnet was removed. ~e 

body mass was 71 kg but in one test the load on the 
platfo~ was reduced to 0.45 kN by lifting the leg. In the impact level caused by the rigid bumper at 5 
two of the tests with full load similar types of lower leg ms. 
fractures were seen. In one other test an undisplaced 

2~A split and depression fracture of the later~ tibial    fracture of the medial malleolus was noted. In the other 
plateau caused by the bumper and/or the bonnet 

there was no injury at all. The force-li~ting effect of this 
edge at 10 ms 

bumper and the lower leg fracture type is illustrated in 
3~An avulsion of the femoral attachment of the medi~ 

Figure 4. 
collateral figament caused by the bonnet edge at 45 

Injuries AIS Related to Bumper Level, Bumper Lead 
ms. 

Angle and Bumper Type. For anterolateral impacts the 
The injuries 2 and 3 might have occurred in the opposite influence of the bumper level, the bumper lead angle and 

order but in that case the c~ciate ligaments would have bumper types are illustrated in Table 7. 
been more strained than was seen at the dissection. In three experiments the AIS = 3 i~ufies were located 

Deformable Bumper at 42 cm Level Combined with Less to the ~ee joint. They were caused by the bonnet ~ge 
Prominent Bonnet Edge. In 3 experiments the defo~able and not by the bumper as could been seen on the films. 
bumper was used at 42 cm level. The bonnet edge height These cas(s were omitted in this analysis. The 23 cm 
was the same as in the earlier experiments. The bumper bumper level caused less severe injuries than the 42 cm 
lead angle was 60°/75°, i.e., 60 degrees with the tube intact level. A defo~able bumper and a bumper lead angle 
and approximately 75 degrees ~th the tube compressed, below 60~/75~ also seemed to cause less severe i~ufies. 
The specimens were loaded with 26 or 45 kg simulated lnjuries Related to the Bonnet Edge. The bonnet edge 
body weight. In these cases somewhat less severe knee impacted the femur at different levels. The impact tel- 
injuries were noted compared to the experiments de- eranee of the femur is greater than that of the lower leg~ 
scribed above. However, the maximum AIS ratings were The highest bonnet edge tbrces, 4.~ - 7.3 kN, were noted 
3 in all these cases. The injuries in these cases were caused for bonnet edge heights of 71 and 82 cm. Still no i~ury 
by the bumper but the bonnet edge contributed probably occ~red to the hip or to the femur diaphysis in thee 
to the outcome, tests. In 2 experiments ~ee injuries were caused during 

Deformable Bumper at 23 cm Level Combined with the later pa~ of the impact by the prominent bonnet edge. 
D~ferent Bumper Lead Angles and Bonnet Edge Heights. No injuries were noted with a bumper level of 23 cm and 
In 6 experiments the defo~able bumper was used at the a bumper lead angle of 45°/50°. 
23 cm level. The body mass was 45 kg. The bumper lead Leg Rotation after Impact. The angular velocity of the 
angle and the bonnet edge height varied. In 2 tests these specimen at 2~ ms after impact and the maximal rotation 
parameters were 75°/90° and 71 cm, respectively. The angle were analysed for different bumper levels and ben- 
knee injuries in these cases were severe (AIS = 3) and net heights. The maximal leg rotation angle caused by 
caused by the bonnet edge. In 2 other tests a lower bonnet the deformable bumper and bonnet edge was compared 
edge (52 cm) and a smaller bumper lead angle (600/75~) for the 23 and 42 cm bumper levels. It was greater at the 
were used. In one of these severe ~ee injuries occurred, higher bumper level but the difference was not statistically 
In the other a moderate knee injury was caused, The significant. The influence of the bonnet edge height and 
inju~ cause in these two cases was shown to be the bonnet the bumper lead angle on the leg rotation could not be 
edge. In 2 tests the bumper lead angle was 45"/50~ and clearly assessed. 
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TaNe 7. Leg injury severity related to bumper level, bumper lead angle, and bumper type. 

f 
Injudes Bumper level (cm) Bumper lead angle (degrees) Bumper type 

~ax AIS 23 42 < 60/75 > 60/75 Deformable Rigid 

3 1 4 2 6 0 

2 10 2 10 7 5 

L_~’~ <0.05 <0.15 <0.20 

Conclusions. This improved biological leg model system The knee ligament forces had a maximum for impacts 

was found to be able to simulate the kinematics and at the knee level. 

disclose the injury mechanisms of the lower extremity A padding on a rigid bumper reduced the direct impact 

impacted by a vehicle front in real car-pedestrian acci- bumper force but not the bending forces in the knee. 

dents. 
Fractures of the femur diaphysis and the hip joint were DISCUSSION 

unusual below 30 km/h impact velocity. 
High ground friction increased the fracture risk during Injury Mechanisms and Clinical Relevance 

the simulated stance phase of walking when the leg was Impacts on the lower extremity may cause injuries to 
impacted at lower bumper levels. The fracture tolerance 

the ankle joint, the lower leg, the knee, the thigh or the 
limit may be below t kN in these cases. 

A bumper located at or just below the knee level and 
hip. Judging the injury potential of a car front one has 
to take into account the vulnerability of the impacted 

a prominent bonnet edge were both correlated with in- parts of the human body as well as the outcome of dif- 
creased risk of knee injuries. 

A force limiting and energy-absorbing bumper im- 
ferent types of injuries. Most fractures of the diaphyseal 

pacting at the lower half of the tibia and a bumper lead 
parts of the femur and lower leg heal without permanent 

angle below 60 degrees reduced the risk of knee injuries, 
impairment although in some cases delayed union and 

Lowering of the impact level from 42 to 23 cm reduced 
pseudarthrosis occur. 

Intraarticular fractures or juxtaarticular fractures or 
the severity of the leg injuries and did not increase the ligament injuries interfering with the joint function should 
leg rotation after impact. 

HI. The Mechanical Leg Model. A mechanical model be prevented especially in the knee as these injuries are 

more difficult to treat and may lead to impaired joint 
of the adult human leg and knee was constructed (Figs. 

function and osteoarthroses. 
5a and b). The description of this model and of the results The injury mechanisms in real accidents are difficult 
from the tests with the model has been published earlier to determine. In many cases similar injuries were pro- 
(25). The following is a summary of those results. 

duced in the experiments and a combined analysis of the 
The following bumper types were used: results from these parts has made it possible to evaluate 

B I Metal bumper; no padding; 3 cm impact the injury potential of different car front geometries. 

width Ankle Joint. Malleolar fractures and ligament injuries 

B II Metal bumper; 5 cm polyurethane padding; of the ankle joint are usually caused by bumper impacts 
5 cm impact width 

B III Metal bumper; 10 cm polyurethane pad- 
ding; 5 cm impact width 

The mean bumper forces for different impact levels and       "--’’] 
paddings at 12 kmiqa are illustrated in Figure 6. 

The peak "ligament" forces for pure bending and for         ~ , 
varying impact levels and paddings at 12 km/h are il- 
lustrated in Figure 7. 

The knee distortion angles for varying impact levels 
and paddings are illustrated in Figure 8. 

The leg angular velocities after impact for various im, 
pact levels and paddings at 12 km/h are shown in 
Figure 9. 

Conclusion~ The direct impact forces caused by the 
bumper-leg contact had a maximum when the impact was 
made near the center of gravity of the lower leg. 

The knee reaction forces had a minimum when the 
impact occurred near the center of gravity of the lower 
lego Figure 5a’ The whole leg. Figure 5b. The knee joint 
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Figure 6. Mean bumper forces B for different impact levels 
a and paddings at 12 km/h. 

Figure 8. The knee distortion angtes K for varying impact 
levels a and paddings at 12 km/h. 

at mid-tibia level The injury mechanisms are probably a 
combined action of the shearing force of the distal part 
of the tibia and the inertia force of the accelerating foot. seen even at low velocities (< 15 km/h) if the bumper 
The severity of these injuries in the experimental inves- impacts near the knee level. Knee injuries are caused by 
tigations were all moderate (AIS = 2) and the fractures direct or indirect forces. Hypothetically the impact re- 
should be easily stabilized with a lower leg cast in most action forces will increase with increased ground friction. 
real cases. This could not be verified with the bumper impacting 

Lower Leg. The lower leg injuries mostly caused by near the knee level. In this case there was a bending of 
bumper impacts are soft tissue injuries and fractures at the leg around the bumper. Although the body mass 
the impact level A rigid and narrow impact surface con- loaded the leg the impact velocity was high enough to 
centrates the blow on the leg to a shorter time and a lift the foot from the ground very early in the impact 
smaller area and what could be called a "high impact sequence. The conclusion is that the ground friction could 
speed" fracture may occur. The skin and muscular injuries have little influence upon the occurrence of injuries corn- 
adjacent to a lower leg fracture are significant and the pared to the inertia of the leg if the leg is hit at the knee 
healing time is longer for this type of injury compared to level at above 15 km/h impact speed. 
a "low impact speed" fracture (27). The results obtained A lower bending stiffness of the leg in the impact all- 
in the first experimental study indicated 15 km/h as a rection at the knee level will reduce the bumper impact 
lower speed limit below which serious injuries (AIS = force and the knee shear force. If the extended leg is hit 
3) would not occur if the bumper impacted at mid-tibia 

from the anterior side not far below the knee level the 
level. The lowest speed for avoiding severe injuries at posterior capsule and the posterior cruciate ligament of 
other impact levels could not be assessed, the knee are most heavily loaded (28). If the lower leg is 

Knee. Knee injuries are usually caused by the bumper 
and sometimes by a prominent bonnet edge. They are 

(%7’ 
o ~oo. ~. 

~ ~oo. 

~ o = ~ 2o0 " 

0 ~o ~o ~o ~o (cm) 0 ~o zo ~ ~o 

Figure 7. Peak knee ligament forces L for va~ing impact     Figure 9. Leg angular velocities ~ a~er impact for 
levels a and paddings at 12 km/h.                       impact levels a and paddings at ~2 
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hit in the opposite direction the anterior cruciate ligament 
is maximally strained. For intermediate impact directions 
mixed ligamentous and menisceal injuries are possible 

i(¢el,~cale) 
/ 

(28). 
The knee joint surface compression force also depends 

on the parameters mentioned above. A flexed knee seems .... 
"~-,, ~,/~/ to be more vulnerable to compression forces as compared / 

to an extended knee according to a biomechanical study ~.~ ~ 

by Hirsch and Sullivan (30). Blow fractures of the tibial 
~ 

,~- ~umper impad level 
or femoral condyles combined with injuries in the knee 
joint caused by bending, shearing and compressive forces 
are severe as they may lead to permanent instability and Figure’10. Relative values of the mean bumper force B, the 
osteom-throsis, mean ligament force L and the sum of these 

Thigh and Hip. Injuries to the thigh and hip were noted forces for various impact levels. 

in 4 cases (12%) in the clinical study but not in the 
experimental one. Fractures of the proximal part of the 
femur and hip are frequently caused by a fall to the ground 
in adults. The injury mechanisms may be different in car- 

occurs near the center of gravity of the lower leg. On the 

pedestrian accidents. The impact velocity must probably 
other hand the direct impact force would be higher at 

exceed 30 km,/~n for these injuries to occur, 
this level than at the knee joint level. The sum of the 

Ground Friction. The ground friction force is important 
direct impact force and the knee reaction forces probably 

at low impact speeds. Severe ligament ruptures or condyle 
has a minimum value somewhere between the mid-tibia 

compression fractures can easily be produced even near 
and the knee joint level. This minimum will be just above 

zero impact velocities if the force is applicated at the knee 
the center of gravity of the lower leg. 

level and the foot is pressed against the ground. The 
friction force may also be important if the impact occurs Proposals for Injury Mitigation in Car-Pedes- 
at mid-tibia level due to the smaller distance between the trian Accidents 
impact and friction force in this case and to the higher 
bending stiffness of the leg at this level. The bumper and the bonnet edge are both correlated 

with severe injuries to the lower extremity in adults as 
has been shown in these studies. The car front design 

Theoretical Analysis should be determined by protection criteria against se- 

A theoretical analysis has been made of the bumper- rious injuries at the time of accident as well as against 

leg impact sequence (31). In this analysis a compound injuries causing permanent impairment. A static bumper 

pendulum mode! was used. The mass and dimensions of level above 40 cm and a bumper lead angle greater than 

this pendulum correspond to an adult human leg. The 60 degrees should be avoided. An optimal impact level 

model was based on the results from the earlier experi- between 25 and 30 cm for minimal knee and lower leg 

ments Qn human leg specimens. The relative values of injuries was suggested in the theoretical analysis of leg 

the mean bumper force at the impact point and the lig- impacts and has been shown to lower the risk for severe 

ament force in the knee joint and the sum of these forces injuries in the lower extremity compared to a bumper 

calculated on the basis of this model are illustrated in impacting at the knee level. The static bumper level was 

Figure 10. 0 - 13 cm above the fracture centres in the clinical study. 

The knee reaction forces can be considered as a com- Thus, the optimal static bumper level should be 35 cm 

bination of a shear force component and a bending force for adult pedestrians. This is in good agreement with 

couple consisting of a ligament tension force and a joint Stiirtz (18). 

surface compression force. An axial rotation force and an The impact force can be sufficiently reduced by incor- 

axial tensile force of the ligaments can also appear as a porating deformable material in the impact area. How- 

result of the impact. The total ligament force approxi- ever, this does not significantly lower the risk for knee 

mately equals the bending force plus the axial tensile and injuries if the impact is at the knee level. Besides, a higher 

rotational forces. The axial tensile force will lower the angular velocity of the body rotation after the primary 

surface cornpression force, impact may follow as well, if the elasticity of the impact 

This theoretical analysis indicates the possibility ofmin- area is high. An increased risk for head injuries has been 

imizing the reaction forces in certain parts of the lower feared if the bumper level is lowered (22). However, in 

extremity during lateral impacts by choosing suitable im- the mechanical leg model study an increased leg rotational 

pact level. The bending force at the knee joint level of velocity has not been verified for the 34 cm impact level 

this mode! has a well-defined minimum when the impact compared to the 42 cm level. Quite the contrary at impact 
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levels below 34 cm the angular velocity of the leg seems 5) Also a prominent bonnet edge may cause knee in- 
to diminish, This was also noted in the other test series, juries. 

A lower bumper level was not correlated with a higher 6) A bumper impact at or just below the knee level is 
incidence of head impacts in the clinical study either. The correlated with a high risk of serious knee injuries. 
body rotation after the primary impact to the car front 7) High ground friction increase the fracture risk during 
is probably not governed by the bumper level as much the stance phase of walking if the leg is impacted at 
as by the bumper lead distance and the bonnet edge lower levels. The fracture tolerance limit may be 
height. Further investigations are needed to answer these below 1 kN in these cases. 
questions. There is also a high risk of head and trunk 8) A force-limiting and energy-absorbing bumper im- 
injuries in children impacted by the bonnet edge and thus pacting at the lower half of the tibia and a bumper 
this parameter should not primarily be evaluated out of lead angle below 60 degrees will reduce the injury 
leg injury protection criteria in adults only. severity of the lower extremity in car-pedestrian ac- 

Based on the results in these investigations and on the cidents. 
studies presented by Ashton and Mackay (32) and by 9) Lowering the static bumper level from 45 cm to 35 
Pritz (33) the principles for injury mitigating in car-pc- cm above the ground will reduce the severity of the 
destrian accidents are illustrated in Figure 11. leg injuries in adults in car-pedestrian accidents. 

In the model a "pedestrian bumper" with a smooth 10) The biomechanical leg model system which has been 
and soft impact area is mounted on a force-limiting ele- developed and used in this research program can 
ment which can deform plastically below 1 kN. The bon- simulate the kinematics and disclose the injury mech- 
net edge is not prominent and made deformable for loads anisms of the bumper and bonnet edge impacts on 
below the injury tolerance limit of the body parts impacted the lower extremity in car-pedestrian accidents. The 
by this element, that is the femur and pelvis of adults and equipment can be used as an instrument for rating 
the head and trunk of children, car front aggressiveness in this type of accidents. 
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Technical Session No. 3 
Side impact Protection 

James Hackney, Chairman, United States 

influencing Structural Deformations and Passenger Loads 
During Lateral Collisions---Results of a Test Series-- 

RAINER HOEFS well founded due to extensive research (2, 3, 4, 5, 6). In 

Dr. lng. h.c.F. Porsche AG the area of side impacts, however, there are a couple of 

Research & Development Center problems which still need further investigation. This is 

mainly true for the influence of the mass and stiffness of 

the impacting car on the loads acting upon the occupants 

of the impacted vehicle, which is not yet sufficiently 

known. It is in this area that basic test data must be 
Side collisions accounting for approximately 10 to 15% provided to serve as a basis and support for the discussion 

of all passenger car accidents and for about 20% of the on "compatibility," respectively protection of other road 

fatally injured passenger car occupants, play an important users. 

part in the overall accident events. 

The specific improvement of self protection and partner 
TEST PROCEDURE 

protection under consideration of overall economic cri- 

teria such as cost/benefit factors, requires that the quan- 

titative influence of certain essential parameters on the 
The level of the loads acting upon the occupants of the 

deformation properties of the vehicle structure and on 
impacted vehicle are particularly influenced by the col- 

the occupants’ injury severity be determined from acci- 
lision speed, the masses of the vehicles involved and the 

dent analyses and corresponding tests, 
stiffness of structures and paddings (7, 8). In the present 

According to pertinent literature, such essential param- 
test series only one of the parameters of mass, front struc- 

eters are the collision speed, the mass ratio of the colliding 
ture stiffness of the impacting car, and impact speed was 

vehicles as well as the structural stiffnesses (including 
varied per test, while the side structure stiffness of the 

padding) of the impacting and impacted vehicles, 
impacted vehicle remained unchanged throughout the en- 

A test series was performed with the stiffness of the 
tire test series. 

impacted car being constant while one of the other pa- 

rameters each per test was varied. This is the most obvious TEST VEHICLES 
difI~rence as compared with other test series, where dif- 

ferent mass ratios automatically for example mean also The test series was performed using a Porsche 924, 
different front end stiffnesses, whose side and front structures as well as the bumper 

The results of these tests are presented and interpreted arrangement were European standard. Former publica- 
in the present paper, tions have already confirmed the transferability of test 

results obtained with wedge-shaped vehicle fronts to pon- 

INTRODUCTION toon-shaped configurations (9). 

The modifications aimed at weakening the vehicle front 
According to accident statistics prepared in the FRG, structure are shown in Figure 1. They consist in cutting 

in 1980, ~ (= 49%) of the killed and 73170 (= 49%) up the front longitudinal member over a length of ap- 

of the severly injured road users were passenger car oc- proximately 400 mm, in reducing the bumper cross sec- 

cupants (1). Of these 6440 occupants, approximately 40% tion, and in softening the bumper mounts. 

died in frontal collisions, while about 32% were killed in 
side impacts. As far as the severely injured persons are TEST DUMMIES AND RESTRAINT 
concerned, frontal collisions account for about 30% and SYSTEMS 
side impacts for almost 50% of the cases. 

With view to frontal collision, current knowledge of In both, the impacting and the impacted vehicle, HII 

passenger protection seems to be mostly sufficient ,and Part 572 dummies were used on the drivers’ and front 

388 



SECTION 5: TECHNICAL SESSIONS 

1,231 
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~5 
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Front 5fiffnessj 

Figure 2. Parameter combinations tested. 

[--’--’] Standard Structure 

Reduced Structure The influence of different mass ratios was examined at 
an impact speed of 50 km/h, while the effects of the about 
50% lower front stiffness on the occupants of the im- 
pacted car were determined at 30 and 50 km/h. 

The 90° side impact was arranged in such a way that 
the centerline of the impacting vehicle hit the SR-point 
of the standing car. 

\\ MEASURING AND EVALUATION 
PROCEDURE 

_ .__    Engine             Dummy loads 
The head, chest, and pelvis accelerations of the dum- 

mies in the impacted car was triaxially recorded. 

For evaluation purposes, the resulting acceleration fig- 

~ ures of head, chest, and pelvis, i.e., maximum acceleration 
I- and 3 ms acceleration were determined. From these values 

~_. the HIC of the head and the SI values for chest and pelvis 

~ were derived. 
The dummy loads in the impacting car were not meas- 

ured, since they are known to be uncritical. 

Figure 1. Measures for reduction of front structure stiffness. 

passengers’ seats and fastened by means of standard au- 
tomatic three-point belts. 

The use of HII dummies in the impacted vehicle was 
critical but justified by the fact, that they allowed com- 
parison with other investigations. Anyway, no HSRI or 
APR-Side-Impact dummies were available at the period 
of testing. 

A research project under way today is expected to 
furnish interpretation aids with view to real-life traffic 
accidents (10). 

TEST MATRIX 

Figure 2 shows the parameter combinations investi- T 
~ ~ 

_~ 

gated in the course of 7 side impact tests. The basis is 
provided by tests with standard cars (European standard 

Figure 3. Measuring points for determining outside and in- 
version) of identical masses performed at 30, 40, and 50 side vehicle deformation. 
km/h. 
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Vehicle Values 
Table 1. Dummy loads in a 0° wall impact, impact velocity 

50 km/h. 
Prior to the test, the side of the car to be hit was 

measured inside and outside in accordance with a given Standard Front Reduced Front 

screen (Figure 3). During the test, the accelerations at 
structure stiffness structure stiffness 
driver passen- driver passen- 

the center tunnel, the A and B pillars, and the door sill ger ger 
of the opposite side were recorded in transverse direction. A 3ms head (g) 61 66 93 90 
The deformation time of the side structure was measured HIC 357 821 1073 1100 

by means of a distance potentiometer installed between A 3ms chest (g) 36 50 54 43 
the two ironer door panels. A 3ms pelvis (g) 46 52 59 56 

In the impacting vehicle, the deceleration at the tunnel 
as well as the overall statical deformation were deter- 

F max femur 1.7 1.2 3.5 3.3 
(kn) 

mined. 

Energy Calculations RESULTS OF 0° WALL IMPACTS 

Using the impact kinematics, the impact number K (1) The wall impact tests were meant to determine the 

and the deformation energies of both vehicles (2) were force-deformation characteristic and energy absorption 

determined from the measured values: obtained by the front structure modification on the one 
hand and to examine the influence of the weakened struc- 

V2~ -- VIt 

~: = -- (1) ture on the dummy load on the other. The basic test was 
vl -- v2 a 0° wall impact performed with a standard Porsche 924 

mt ¯ m2 at an impact speed of 50.2 kmih. The dummies were 
E~EF = 2(m, + m2) " v, (1 -- ~2) (2) restrained with automatic three-point belts. 

Equation (2) does not show the distribution of the DUMMY LOADS 
deformation energy to the front and side structures. In 
order to precisely define the deformation energy absorbed As had been expected, the dummy loads in the car with 
by the side structure, the following approach was chosen: reduced front stiffness are higher than in the series vehicle, 
The forces causing a deformation of the vehicle front in but except for the head load none of the values exceeds 
a 0° wall impact are identic~ with those forces causing the limits for the frontal impact (Table 1). The HIC of 
a commensurate frontal deformation during a side col- 1073 (driver) and 1100 (front passenger) is slightly higher 
lision. So, the energy/deformation characteristics of the than the limit value, though lower than HIC 1500 which 
wall impact can be transferred to the side collision, is nowadays in discussion (11) as a tolerable level. 

Thus the deformation energy of the impacting car is 
calculated by determining the amount of energy required 

VEHICLE FRONT STRUCTURE 
for the measured maximum frontal deformation (Figure 

4). The change of the passenger compartment deceleration 
With this approach, the deformation energy of the ve- 

hicle side structure is obtained from: 
as a consequence of the above-mentioned measures can 
be seen in Figure 5. The deceleration up to a deformation 

Es~DE = F-~EF -- E~orcr (3) time of approximately 30 ms is lower than in the basic 

............... ..."°/ 7"1"                                       ,,, ~ ) 

" .11 !! \ ,.--. 

Figure 4. Deformation energy versus deflection in a 0° wall Figure 5. Deceleration of passenger compartment versus 
impact, impact velocity 50 km/h. time in a 0° wall impact, impact velocity 50 km/h. 
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test, whereas the maximum value of 374 ms-2 is 13%      -- 

higher than the basic test value and occurs about 15 ms 

earlier. The energy-deformation characteristic calculated 
from this curve is given in Figure 6. The area of frontal 

energy absorption which is of special interest in the case 

of side impacts (up to deformation distances of 400 ram), 

clearly shows, that, as compared with the standard ve- 

hicle, about twice the deformation distance is available 

for identical energy absorptions. This means that the in- 

itial force level is reduced by approximately 50%. 

RESULTS OF SIDE COLLISIONS                                0 

Table 2 summarizes the most important vehicle and 

........ 
dummy data. The following evaluation only deals with 

Figure 6. Deformation energy versus deflection in a 0° wal~ 
.......... the measured values of the dummy sitting at the impacted impact, impact velocity 50 km/h. 

Table 2. Car and dummy results in side impact tests. 

Impacting car 
V0 (km/h) 32.9 40.67 53.1 49.38 32.96 50.34 50.7 
M1 (kg) 1368 1379 1381 1063 1382 1380 1710 
Max. defor 82 132 165 230 390 220 
(mm) 150 

Deform. energy 
Front (nm) 10000 17300 21500 20000     13000 32000 30000 
Remarks .... Reduced Reduced -- 

structure structure 

Impacted car 
M2~ (kg) 1365 1375 1374 1383 1373 1382 1390 
Max. deform. 
Outside (mm) 264 397 403 321 229 305 408 
Inside (mm) 188 284 268 254 157 219 271 

Deform. energy 
Side (nm) 18368 26310 52885 35707 15063 340t0 4395! 

..... Kin. Ener. (nm) 57127 87999 150227 100000 57923 134918 169591 
Mue (M1/M2) 1.00 1.00 1.01 0.77 1.01 1.00 1.23 

Dummy 
Impacted side H II H II H II H II H II H II H II 
A head max 19 34 49 38 18 31 25 
Ahead 3ms 19 33 43 37 17 30 24 
HIC 19 150 298 180 32 106 66 

A chest max 23 60 82 57 26 35 38 
A chest 3ms 23 49 63 41 22 32 33 
SI 48 203 468 239 44 124 115 

A pelvis max 39 68 98 93 t7 31 109 
A pelvis 3ms 35 62 88 76 17 27 9t 
SI 106 456 909 549 23 96 633 

Dummy 
Opposite side H I1 H !1 H II H II H II H H H l~ 
A head max 13 24 34 19 13 110" 32 
A head 3ms 13 24 32 19 13 39* 29 
HIC 22 23 107 35 15 178* 97 
A chest max 11 53 66 29 14 46 47 
A chest 3ms 11 41 54 24 11 34 42 
SI 10 102 886 47 9 68 116 

A pelvis max 11 18 27 18 8 25 19 
A pelvis 3ms 11 18 26 18 8 24 19 
SI 15 35 80 39 10 59 52 

*Contact driver-passenger. 
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...... REDUCED STRUCTURE OF 

IHPACT UELOCITY 
HASS RATIO 

Figure 7. Results (3 ms values) of dummy accelerations 
(impacted side) versus impact velocity. 

Figure 8. Result (3 ms values) of dummy accelerations (im- 
pacted side) versus mass ratio. 

side. The loads acting on the dummy at the opposite side examined herein. This statement confirms results obtained 

are generally low since there is no direct force transmis- by other authors (e.g. (7)). 

sion through body components, provided that there is no Figure 9 shows effects of the frontal stiffness on dummy 

contact between the driver and the front passenger. In accelerations for various deformation energy levels of the 

the present context, these values can therefore be ne- vehicle side structure. With identical side deformation 

glected, energy and reduced frontal stiffness, the head and chest 
accelerations are slightly reduced while the pelvis accel- 

DUMMY LOADS                                  eration decreases considerably. 
If the impacting vehicle has a standard frontal stiffness, 

the dummy values in the impacted car increase steeply 
Tests performed with standard vehicles, having a mass versus the deformation energy of the impacting car (Fig~ 

ratio of/a, = 1, show similar results as the HII dummy ure 10). This increase is less pronounced if the frontal 
tests: the pelvis is more heavily loaded than the thorax, 
which in turn undergoes stronger loads than the head. 

stiffness of the impacting car is reduced. This is to be 
attributed to the change in the energy distribution between 

This order is the same for the three test speeds (Figure 

7). 
In those tests, where the front stiffness of the impacting 

car is reduced, so little difference between the head, chest, 
and pelvis figures was found, that it would not be rea- 
sonable to try and stipulate an order. 

At an impact speed of 33 km/h, only the pelvis load ,, 

is clearly reduced, with the 3 ms-value being lowered ,0 ~ ° 

from 35 g to 17 g. 
At a collision speed of 50 km/h, the dummy load 

reduction is more pronounced: the chest loads are halved 
to 32 g, while the pelvis loads are reduced by more than 
two thirds to 27 g. 

The mass influence was examined in three tests per- 
formed with standard vehicles at a speed of Vo = 50 ............ 
km/h (Figure 8). It is noticed that the pelvis values only , 

increase with mass ratio "/z", while the chest and head 
values are lowest when "/~" reaches its maximum. Since 

OEFORtfATION ENERaV (S!~E SToucruRE~ 

this result does not seem to be plausible, it must be con- Figure 9. Results (3 ms values) of dummy accelerations 
servatively interpreted in saying that apparently the (impacted side) versus deformation energy of side 

dummy loads do not depend on the mass ratio of the "/~" structure. 
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~                                                                                                         l ÷ STANDARD STRUCTURE OF 

~ [G ] 0 CHEST 

1 

ZHPRCTING CAR 

...... REDUCED STRUCTURE OF 

DEFORIfRTZON ENERGY (FRONT STRUCTURE) DEFORIfRTZON ENERGY (FRONT STRUCTURE) 

Figure 10. Results (3 ms values) of dummy accelerations Figure 12. Deformation energy of side structure versus de- 
(impacted side) versus deformation energy of formation energy of front structure. 
front structure. 

the impacting and impacted vehicles: Instead of the orig- energies split up into ~3 absorbed by the impacting car 
inal 35%, the impacting car with reduced frontal stiffness and ~3 absorbed by the vehicle hit. By weakening the front 
now absorbs about 47% of the total deformation energy structure the deformation energies generated at the given 
in frontal deformation. This means that the deformation test speeds were almost evenly distributed to both cars 
energy of the vehicle side is reduced by the same amount, (Figure 12). 
resulting in lower dummy loads. At the same time, also the deformation time response 

changed (Figures 13, 14): approximately 30 ms after the 

VEHICLE SIDE STRUCTURE impact, the intrusion of the inner door side is interrupted 

for 15 to 30 ms, the period during which the dummies 
hit the door. By structural modifications of the impacting The evaluation of the vehicle side structure is based on 
car the impact velocity Av p.,=.g=-do~r could be substantially 

the maximum side deformation distances, the deformation 
reduced (Figures 15, 16). energies, and the deformation times. It is noticed that the 

lateral deformations show a linear increase with increas- 
ing energy absorption (Figure 11). CONCLUSIONS 

For standard vehicle combinations the deformation 
According to the results of the present test series the 

loads acting on the dummies in the impacted vehicle can 

DEFORIfRTZON ENERGY (SZDE STRUCTURE)                                               Tr’t~E 

Figure 11. Maximum deformation of the impacted car versus     Figure 13. Deformation of inner door panel versus time, im- 
deformation energy of the side structure,                   pact velocity ~ 33 kin/h, 
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T~ .Zi’fPRCT TIPIE Z)UtftfY-DOOR PANEL 

TIME 

TIME 

Figure 14. Deformation of inner door panel versus time, ira.    Figure 16. Intrusion velocity of inner door panel versus time, 
pact velocity - 50 km/h.                               impact velocity - 50 km/h. 

be distinctly reduced by weakening the frontal structure for example, are sufficiently known as being efficient and 

of the impacting car. Additional potential for further feasible (13, 14), so that an increase of the individual 

reducing the passenger loads is offered by improvements passenger risk during a frontal collision can be avoided 

of the side structure and installation of energy-absorbing by appropriate combination of structural measures and 

paddings inside the impacted car, which were not taken restraint systems. 

into consideration in the present tests. The requirement for improved protection of other road 

In the tested range, the mass ratio apparently has no users could be met by modifying existing safety regula- 

clearly definable influence on the dummy values. The tions, i.e., for example by reconsidering the wall impact 

mass ratio range chosen for the present tests considers speed which serves to confirm the occupant protection 

the real-life mass differences between vehicles of the same during frontal collisions in dependence on the vehicle 

type, which are attributable to different payloads, mass. The speed limit of less than 30 mph or 50 km/h 

The dummy values measured in the 0° wall impact respectively for upper class vehicles indeed increases the 

suggest that the occupants of a vehicle with weakened injury risk, depending on the respective vehicle structure. 

front structure are more heavily loaded than in a standard On the other hand the demand to design vehicle struc- 

car, but the evaluation of a possible resulting increase in tures, restraint systems, seats, and paddings in such a way 

injury severity is highly difficult, since it is impossible to that sufficient occupant protection be ensured during col- 

foretell whether, parallel to the stated increase of the lisions at 35 mph or more against a rigid wall is in con- 

dummy values, the injury severity in real accidents will tradiction to the above requirement for increased partner 

also go up by one or even more AIS codes (12). protection. Time has come to stipulate priorities with view 

Technical devices suited to lower the loads on vehicle to these contradictory requirements, while taking into 

passengers during frontal collisions, such as belt retractors consideration necessary marginal conditions and criteria, 

such as ethical restrictions (no increase of the injury risk 

in frontal collisions), cost-benefit aspects, etc. 

....... s,~ ~c,u~ 0~ ~,~-,~ ~ In doing so, the actual safety level reached should be 

.... ~0uc~ ~,c~ o~ ~r~ ~ maintained, i.e., restrained passengers should survive 

frontal collisions with vehicle velocity change of A v ~ 50 

km/h uninjured or only slightly injured. 

SUMMARY 

’° /’ ’~ / ................. In the side impact tests the parameters of impact speed, 
’ ~-~’"""-~:~ structural stiffness of the vehicle front, and mass ratio 

-,o where combined in such a way that only one parameter 

-. 
r,, .~,~,cr rz,~ ~,,~-~oo~ ~,~ each was changed per test, while the others remained 

constant. 
TIME When interpreting the dummy loads it must be kept 

Figure 15. Intrusion velocity of inner door panel versus time, in mind that the tendency shown in the results can be 

impact velocity’ ~ 33 km/h. considered as being confirmed, but that they cannot be 
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transferred to the injury severity in real accidents as long ~nderungen des Verletzungsbildes durch Anlegen 
as there is no sufficiently precise correlation between dum- der Sicherheitsgurte", Unfalt und Sicherheitsfor- 

mies and human beings, schung Stra/3enverkehr, Heft 10, 1977. Herausgege- 
Head, chest, and pelvis acceleration increase with the ben im Auftrag des Bundesministers fiir Verkehr yon 

impact speed, the pelvis showing the greatest acceleration der Bundesanstalt for Strai3enwesen. 
values, followed by the head and the thorax, the latter 4. Scholz, H. J.: "Die Entwicklung des produktionsrei- 
displaying the lowest acceleration, fen Mercedes Benz Airbag-Systems for den Einsatz 

By reducing the initial frontal stiffness of the impacting in den USA", VIII. ESV-Konferenz, Wolfsburg 1980. 
car for deformation distances of up to 400 mm (which 5. Alfa Romeo: "Non symmetrical front impact against 
are of particular interest for side collisions) by approxi- barrier--analysis of the behaviour of the different car 
mately 50%, all measured dummy accelerations could be models and consequences to the occupants", VI th 
considerably lowered. This is to be attributed to a change ESVConference, Washington 1976. 
in the deformation distance time response on the one hand 6. Seiffert, U. W.: "Entwicklungsmrglichkeiten fiir 
to the increased energy absorption by the vehicle front Riickhaltesysteme", Unfall- und Sicherheitsfor- 
in combination with lower energy absorption of the side schung Stra/3enverkehr, Heft 10, 1977. Herausgege- 

structure on the other, ben im Auftrag des Bundesministers fiir Verkehr von 
There are no indications for a relationship between the der Bundesanstalt fiir Stra/3enwesen. 

dummy loads in the impacted car and the mass of the 7. Ventre, P.; Provensal, J.; Stcherbatcheff, Go: "De- 
impacting vehicle in the range of 0,77 < /x < 1,23. velopment of Protection Systems for Lateral Ira- 

Due to the weakened front structure, a frontal wall pacts", SAE,---Paper 790710. 
impact at 50 km~ will produce somewhat higher loads 8. Seiffert, U. W.: "Lateral Impact--Considerations for 
on the vehicle occupants, though the chest and pelvis Vehicle Development", SAE--Paper 790709. 
values will be lower than the actually applied limits. 9. Bez, U.; Hoefs, R.; Stahl, H. W.: "The V-Shaped 

The HIC values are clearly lower than the limit of Vehicle Front--Its Influence on the Injury Severity 
1500, which is nowadays in discussion, in Pedestrian Accidents and Side Collisions", 7th 

For further investigation of the conflicting objectives ESVConference, Paris 1979 
of improved partner protection on the one hand and en- 10. FAT: "Side Impact A comparison between HSRI, 
hanced self-protection on the other, uniform generally APROD and Hybrid II Dummy, and Cadavers", 9th 
acknowledged marginal conditions and criteria must be ESV Conference, Kyoto 1982. 
stipulated. But the actually achieved safety level of our 11. Walfisch, G.; Fayon, A.; Tarrirre, C.; Chamouard, 

vehicles must remain unaffected. F.; Guillon, F.; Got, C.; Patel, A.; Hureau, H.: "Hu- 

man Head Tolerance to Impact: Influence of the Jerk 

on the Occurence of Brain Injuries", 6th IRCOBI 

Conference; Salon-de-Provence 1981. 
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Structures Improved Side Impact Protection In Europe 

EEVC Working Group posed for frontal impact have little effect in side impact; 

their principal contribution in this type of impact is to 
European Experimental Vehicles Committee prevent ejection and a restaint to some extent to the offside 

occupant (2). These particulars are sufficient to justify 
Review the available accident data in Europe concern- the principle of systematic studies of side impacts and 

ins side irnpact collisions involving passenger cars and protection from injury. 
make recommendations for a suitable test procedure and 
standards for reducing injuries to vehicle occupants in 
such accidents. It will consider the validity of the LISA CHAPTER 2: CRASH CONFIGURATIONS 
proposals for side impact collision tests as a mean of AND CONSEQUENCES OF SIDE IMPACT 
reducing injuries involving European cars. ACCIDENTS 

GHAPTER 1 : INTRODUGTION: THE NEED Different studies have been made from analysis of real 

FOR A STANDARD SIDE IMPACT TEST accidents, describing the conditions of impact and the 
typology of injuries from side impact accidents. 

The work of the WG 6 "Structures" can be looked at In (7) is given an overlook over the situation of all 

as continuation of the WG 5 "Impact Test Procedures" collision types divided in 12 main groups. If they are 

which dealt with frontal, side and rear collision and rol- judged by criteria from several authors (8, 9) the rectan- 

lover, gular side collision ranks third behind two frontal collision 

The main points of WG 5 were: types. 
On the basis of an accident survey conducted in France 

---The Group proposes a test with a stationary case car (10), it appears that the most frequent and the most 
struck by movable barrier under an angle of 90°. serious side impact accidents correspond to a point of 

--The barrier should be deformable for the long-term maximum intrusion close to the projection of the H point 
solution but no further details could be given at that of the vehicle collided with, as indicated in Figure 1. The 
time because of missing research results, same document indicated that over half of serious or fatal 

--For the short-term solution no concrete test proce- accidents occur according to an angle of between 55° and 
dures (i.e., with the same type of car) could be 85° of the colliding car in relation to the collided car. 
adopted either because of some basic disadvantages Many details of the types of damage to car sides and 
of each of those proposals, of how occupants are injured are given in a United King- 

Concerning side collision a lot of questions remained dom study (11) and a more detailed analysis of these 

open. 
The frequency of side impact accidents comes second 

to the frequency of frontal impact accidents, and accord- 50 

ing to our present knowledge of accident statistics, it is 
the vehicle-to-vehicle collision which has the greatest sta- 404 
tistical significance of all accidents involving side impact 

(1, 2). 
~ 304 

/lOSt frequent 

According to various studies, side impacts involving a -~ impacted point by front 

collision with a private car represent 15 to 20% of private 7- centre of adverse car. 

car accidents (2, 3, 4). This percentage varies according m< 204 
Point A = All severity 

O POint B = At least one AIS ~> 3 

to the country, but also according to the definition of side 
impacts, one is given for instance in (5). 10-q 65    10 

Side impact accidents are more serious than accidents 
which occur according to the other configurations: in 4 

0J ...... ,A,.~ ........ 420 cm 
European countries (West Germany, France, Italy and 
the United Kingdom), 21,6% to 31,2% of serious or fatal 
car accidents are side impact accidents (6)and the oc- 
cupants most seriously injured are those seated at the side 
on which the impact occurs (5). Lastly, during recent 
years, protection improvement has concerned essentially 
frontal impact which suggests a deeper study of the side 
impact, as the means of protection (i.e., seat belts) pro-    Figure 1. Location of impacted area in side impact (10). 
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accidents is now being carded out. For example it shows 
that in 62% of all side impact accidents and in all fatal 

cases, the front door of the car run into is directly im- ~o = 90° 
........ plicated by the impact. / c car A 

This study of right hand drive cars also shows that the 
cca/r B most frequent clock direction is 2 o’clock for overall side 

impacts and 9 o’clock for fatal accidents. This Study also 
_~ ~t ~_ __~_1 }- -’]     VA = 40 km/h shows that more than three-quarters of fatal accidents 

-- -~                   :~--~’°* ~ mA 1000 kg 
occur according to hour directions between 2 o’clock and 
4 o’clock and between 8 o’clock and 10 o’clock, as in- 
dicated in Figure 2. It should be noted that the example VB = 50 km/h 
of this study has been rectified to be statistically repre- mE3 = 1100 kg i - 
sentative of the English situation. A study carried out in 
The Netherlands on more than 8,000 accidents (12) con- 
firms the preceeding results, in particular in respect of Figure 3. Cumulative percent for curb weight (1). 
the damaged side zones of the vehicle in question. 

In (1) it is said, that a side impact in the passenger cell 
area involves a far greater injury risk than in other con- the other vehicle at the latter’s R-point projected into the 

figurations and that a greater safety benefit can be ex- outer body surface. The speed of the colliding vehicle is 

pected from a test requirement which is intended to 50 km/h, and that of the other vehicle 40 km/h. This 
optimise the deformation behaviour of the side structure gives a relative collision speed of 65 km/h, corresponding 

in the area of the passenger cell. to the 90th percentile point of the distribution function 

Figure 3 shows a statistically representative collision (15). The colliding vehicle has a mass of 1100 kg corre- 

configuration including vehicle speeds and masses (2, 10, sponding to the maximum of the distribution density. 

13, 14). The angle of approach is 90 degrees and the In this percent frequency distribution the shifting of 

longitudinal centre plane of the colliding vehicle contacts emphasis of the maximum collision frequency and, in 
particular, the far higher percentage of lorries involved 
in collisions with injuries such as severity AIS 3 become 
evident. 

""- 20~" Some 75 percent of all vehicles involved in side colli- 
- sions were impacted at a speed of less than 45 kin/h, and 

95 percent of all collision speeds lie within the range up 
to 60 km/h; the maximum relative speeds in unfavourable 
circumstances can be deduced from this. 

Here, one must, however, take into account the fact 
that real-life speed variations are far less and that in 

~2 collisions at intersections (18) only 40 to 45 percent of 

__ // the kinetic initial energy is transformed into deformation 

/ energy, the remainder being consumed in post-crash 

ALL ACCIDENTS 

FATAL ACCI DE,IS 

Figure 2. Frequency of impact direction in side impact ac-    Figure 4. Collision frequency and mass ratio in car/car and 
cidents (11).                                      car/truck side collisions. 
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mouvement. On the basis of these data, it can be assumed tually the large relative motion between the side structure 

that a test speed of 50 to 60 krn/h in lateral collisions and the vehicle, in other words the rate of intrusion. 

will embrace at least 90 percent of all real-life collisions It should be noted that in this situation, due to intru- 

(5). sion, this vertical surface speed is much greater than the 

In this sample of Cesari (13) the average overall severity speed variation of non-deformed structures on the vehicle 

index is 2,9 for the side impact and only 2,3 for the frontal collided with, as may be seen in Figure 5. 

impact. From this fact, in order to improve safety in side im- 

As a consequence of the high degree of injuries, how- pact, on the one hand, the speed of contact of the oc- 

ever, 28% of all fatally injured, 20% of all seriously cupant/surface should be decreased, either by increasing 

injured (as from AIS 3), and 27% of all injured (as from the resistance of the side body of vehicle, or if necessary, 

AIS 1) occupants in car/vehicle accidents are to be found by reducing the rigidity of the front of vehicles in frontal 

in cars with a side impact (14, 5). impact. These modifications should be completed by in- 

The occupants the most seriously and most frequently stalling padding on the inside of the side panel so as to 

injured in side impact accidents are those seated at the improve the distribution of the impact on the human body 

side where the impact occurs and severe injuries to im- and to reduce the pressure. 

pact-side occupants (severity degree AIS 3) are recorded 
in cases of head injuries (1,5 times), chest injuries (3,5 CHAPTER 4: THE PROBLEM OF 
times) abdominal injuries (5 times) as often as to opposite- COMPATIBILITY IN SIDE IMPACT 
side occupants (5). 

The study .carried out in the United Kingdom (4) shows The principal mechanism at the origin of injuries in 
that in the case of the injured among whom at least one side impact accidents being the speed of the surface, and 
injury has an "AIS" 3, the head, the thorax, the abdomen, this being a function of the relative rigidity of the front 
and the pelvis, are the parts of the body most frequently of the striking car and the side of the struck car, protection 
injured, and in the case of the most seriously injured (AIS in side impact is subject to compatibility between the 
4, 5, 6), abdominal and thoracic injuries are more frequent lateral and frontal structures of vehicles on the roads. 
than cephalic injuries. The interaction between the striking car and the struck 

Certain injuries are more frequent in side impact ac- car occurs essentially, on the one hand between the front 
cidents in comparison with the other accident configu- 
rations and this is particularly true for pelvic and thoracic 

bumper and the side sills on the lower part of the body, 
and on the other hand, between the front wings and the 

injuri~ (2, !0, 15). 
A and B pillars and the doors. In order that the com- 

CHAPTER 3: INJURY MECHANISMS IN 
SIDE IMPACT 

- 10 - 

Contrary to frontal impact where it has been established 

that the velocity change of the involved car is the main 
parameter which fixes the force of the impact, this pa- /"g"-’" 

FLOOR 

accidents.rameter has only a very secondary effect in side impact 

The parameter which is most directly linked to the [ .. 
severity of side impact accidents is the speed of the vertical lo " ’ ° 
surface of the vehicle which is run into, at the moment 
of contact with its occupant (19, 20). ..~ ...... 

The front structure of the modem passenger car is 
capable of absorbing about 2 or 5 times as much energy ,, ,~:’~"~"~ 
as the side structure (I). In a side collision with contact s " 
in the area of the passenger cell the occupant sitting on l // 
the side of impact will be struck by the side structure 

i / intruding into the passengers compartment while still in 
his origina! seating position, and will be accelerated to- j. 

~,~ 
ward the opposite side of the vehicle before the speed of - 

the vehicle itself begins to change to any appreciable 
50 100 150 

extent. In terms of the toadings imposed upon the oc- 
cupants, therefore, the motion of the vehicle itself is of Figure 5. Velocity change in side impact in a 50 km/h test 
merely secondary importance. The decisive factor is ac- (20). 
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patibility be assured, the sills should be more rigid than vehicle being generally run into by a mobile barrier rep- 
the bumper, and the pillars be more rigid than the wings, resenting the colliding car. The dummies should be built 

To take into account the fact that the trajectory of the so that the criteria of specific injuries can be recorded. 
striking car is rarely orthogonal to the struck car, the Work on the design of dummies which is being sponsored 
doors also should be sufficiently resistant to be compatible by the EEC, and which is on the point of being completed, 
with the force created by the wings of the colliding car provides for the possibility of using more lifelike dummies 
(21). for full-scale tests, than are currently available. A proposal 

Concerning the reached status of compatibility there have been made several times to use sub-system as an 
can be referred to a project financed by the German alternative to whole-vehicle tests. These tests should con- 
Ministry of Research and Technology. In (7) there are tain on the one hand, an exterior loading (either static or 
reports on the results of collision tests with a modified dynamic) of the structure, on the other hand, loading on 
Audi 100 into a modified VW Golf (collision angle 90°, the padding with shapes representing the different parts 
collision speed 50 km/h, mass ratio 1,42 for the modified of the body liable to be in contact with these paddings. 
status). It is shown that the loadings of dummies (re- This method is certainly simpler than whole-vehicle tests, 

sultant acceleration, HIC, SI, etc .... ) can be kept very but has the inconvenience of evaluating separately the 
far below the critical values. The main modifications were: two types of features likely to influence the protection in 
reinforcement of compartments (door guard beam at side impact, without discovering their cumulative effect 
bumper height, modification of B pillar, door padding and thus the total protection offered. 

inside with foam and steel). Compatibility of the defor- The members of the EEVC Working Group 6 consid- 

mation forces on the front and side structures was ered that ful!-scale tests were preferable to component 

achieved. Furthermore the frontal safety of the modified tests in order to be the basis of future regulations con- 

cars was increased also and the modifications, which did cerning protection in side impact. However, component 

not increase the cars’ weight, has a calculated cost/benefit tests will probably be necessary in order to complete the 
ratio of about 1. verification in zones where the dummy had no contact 

In addition to the design compatibility, the question of during the test, but where contact could occur during 

the influence of the relation between the masses of the other types of real accidents. 
two vehicles in the collision should be posed. The whole-vehicle impact test could be a car/car im- 

A study has shown that increasing the weight of the pact; however this solution has the inconvenience of only 
striking car has small impact on dummy loadings (22), allowing the safety offered to be verified when the vehicle 
whereas a study in progress in Germany (23)shows that in question is run into by the one chosen car model, 
when VW Golf is struck by a 123 Mercedes, the intrusion usually an identical one, which is not a frequent occur- 
is clearly higher than when it is hit by another VW Golf. rence. 
The maximal intrusion is increased of about 50%, but in Moreover, this solution should be to the advantage of 
this case there is at the same time modifications of the some cars and penalize some others. On account of this, 
striking car weight and the striking car architecture, the group abandoned this solution. 

An American study (24) also showed that the weight The other possibility for whole-vehicle tests is to use a 
of the colliding car influenced the seriousness of the mobile barrier. This barrier could either be completely 
injuries, rigid, or have a deformable front surface. The advantages 

FIAT Company has started 10 years ago studies in the of rigid barrier are particularly the low cost of the tests 
field of compatibility inside impact. These studies have and their repeatability. However, being totally undeform- 
resulted in the elaboration of a testing method, and in able, they do not absorb energy during impact, and thus 
design of a barrier in the aim of making and quantified do not permit the mechanism of deformation of the struck 
evaluation of the compatibility. This barrier is described car to be reproduced accurately. 
in paragraph 6.1 of this report. Especially it is the door velocity change which is the 

main factor linked to the severity of injuries sustained by 

nearside car occupants. 
CHAPTER 5: TEST METHODS FOR S~DE Mobile deformable barrier should have more realistic 
IMPACT SAFETY ASSESSMENT behaviour than rigid ones for representing the car/car 

impact. There are two sorts of mobile deformable barrier: 

Different test methods have been proposed to evaluate A--a barrier which simulates the average character- 
the protection of the occupants in side impact, and these istics of a vehicle population. Its front surface is consti- 
may be classified in two categories: full-scale tests and tuted of deformable elements of different rigidity 
tests of components, representing the stiffness of the principal frontal elements 

The combined efficacy of padding and structure re- of a vehicle. The barrier serves to reproduce a typical 
inforcement can be established from full-scale tests on impact and the results are noted either on the dummies 
cars. A complete vehicle containing dummies is used, this which occupy the struck car and these are compared with 
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the protection criteria or on the struck car structures in 
4830                     -J 

terms of panel velocity change and of intrusion. 

~ 
(t~0~- - 

B---a more complex barrier which does not simulate a 
| 

car front, but constitutes an appliance for noting local 
rigidities (force and deformation) at every moment on 
every zone of the collided car (the front face contains a 
large number of identical elements). In agreement tests, 
the results are recorded either on the barrier or on the 
struck car; in compatibility tests the results should be 
judged in comparison with those of other vehicles, with 
the help of a mathematical model. ,S~.\\\\\\ \\\\\\\\\\\\\ \\\\ \\ \ \ \ \ \ \ \ \ \ \ 

The favorable and unfavorable features in the two so- 
lutions are: Figure 6. FIAT barrier front face (25). 

Solution A: is simpler and less expensive in terms of 
both development and use. 

The more the characteristics of the tested car depart by removing a module column, and to modify the ground 
from those simulated by the barrier, the less reliable the clearance from 170 to 200 mm. 
compliance judgment is. 

Following the evaluation of the vehicles on the road, 

this barrier needs to be modified. 
2) The NHTSA Barrier (26) 

It allows compatibility to be only indirectly evaluated, In 1977, NHTSA completed a research programme 

not quantitatively, concerning the protection of automobile occupants. This 

Solution B: is more complex and expensive to develop programme resulted in the construction and the validation 

and use. of a deformable mobile barrier shown in Figure 7. The 
It is independent of the characteristics of the car against characteristics of this barrier are derived from the masses 

which it is used and is always stable, not being affected and the dimensions of vehicles registered in 1978 in the 

by the evolution of the vehicles on the road. USA, which explains the values greater than those exist- 

It allows compliance tests, research tests, as well as ing in Europe. 

quantitative evaluation of compatibility on a car with During the study, the construction of the barrier 

respect to each tested model, evolved from a complex solution in the shape and number 

~e members of the group thought that the second of elements, to arrive at a much more simple construction 
solution should be very interesting in the study field, but with simulation of a front bumper. The test procedure 

that the first solution was more appropriate for regulatory proposed by NHTSA has a crab-like displacement. 

tests. 

3) The CCMC Barrier (27) 

CHAPTER 6: DESCRIPTION OF EXISTING CCMC determined the characteristics of a mobile de- 

DEFORMABLE BARRIERS formable barrier from the characteristics of vehicles sold 
in 1976, in 12 European countries. This resulted in a 

Various studies on the development of deformable mo- barrier of 950 kg whose dimensions and frontal charac- 

bile barfers have been carried out recently. These are 
principally the FIAT, NHTSA, CCMC, TRRL and 
UTAC barriers. 

1) The Fiat Barrier (25) 
This barrier has a flat front surface incorporating 36 

honeycombed parallelepipeds, each fixed to a load cell. 
Figure 6 shows this barrier and it can be noted that its 
dimensions are inspired from the flat USA type barrier. 
This barrier is destined to be used in frontal impacts as 
well as in side impacts. A complex mathematical program 
is necessary to evaluate the compatibility with other ve- 
hicles that the results allow the data relative to the force ~ooo~ ~,o~ ~e~ 

and crush caused by the impact to be analysed. It is 
possible to reduce the front width from 1830 to 1600 mm Figure 7. NHTSA barrier front face (26). 
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Figure 8. CCMC barrier front face (27). 

teristics are shown in Figure 8. It should be noted that 
this barrier has a flat front surface and its deformable 
part is made of polyurethane foam. The force/deforma- 
tion laws adopted for this barrier are deduced from tests ~igure 9. UTAC barrier front face (29). 
of frontal impact against a dynamometric wall at 50 
km/h. 

their dimensions and of their force/deformation laws 
noted in the course of frontal impact tests at 35 km/h 

4) The TRRL Barrier (28) against a dynamometric wall, permitted the characteris- 
TRRL have recently developed a mobile deformable tics of this barrier to be determined. As indicated in Figure 

barrier whose front zone is made up of 40 deformable 9, the front face of this barrier is 1400 mm wide, 500 mm 
blocks. Each block is made by stacking up rectangular high and has a ground clearance of 350 mm. The profile 
and cylindrical steel cans which are partially filled with of the front face is constructed in such a way as to simulate 
foam in order to make them more rigid. This construction the average profile of the cars in question. 
allows the rigidity of various blocks to be varied. The 
front surface of this barrier is 1500 mm wide and 600 

6) Comparison of the Characteristics of the 
mm high, but, within limits any size and pattern of frontal 

Mobile Deformable Barriers 
stiffness can be represented. 

The principal characteristics of the 5 mobile deformable 

5) The UTAC Barrier (29) barriers described in this chapter can be compared in 
Table 2. It can be seen that the CCMC, TRRL and UTAC 

A collaboration between French automobile construc- barriers have rather similar features. 
tors and UTAC, at the initiative of the public authorities, The most notable differences concern the ground clear- 
has resulted in a definition of the specifications of a mobile ance and the force/total deflexion law. 
deformable barrier representing the average car most With regard to the ground clearance, it is certain that 
often used in France. it has a great influence on the results of the test and on 

For this, ten car models were chosen, and analysis of the solutions to be taken into account to improve pro- 

Table 2. Comparison of main characteri,stics of mobile deformable barriers. 

NHTSA CCMC UTAC TRRL FIAT 
Weight (kg) 1566 950 915 1 !90 900/2300 
Width (mm) 1676 1550 1400 1500 1830 (1600) 
Weight (mm) 559 490 410 600 700 
Ground clearance (mm) 330 300 380 200 170 (200) 
Shape of front face flat+bumper flat flat+bumper flat flat 
Thickness of deformable 
Element (mm) 483 400 500 560 300 (500) 
Maximal crush (mm) 350 300 360 420 200 (360) 
Total force (kn) 
For 200 mm crush 150 220 175 ~10/320 450 (400) 
For 300 mm crush 490 350 205 320 

* Values in bracket correspond to possible modifications of FIAT barrier. 
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tection in side impact accidents. Large ground clearance For those close to the intruding side, their initial dis- 

seems to correspond better to the geometry of present tance from the side is critical because the speed of intru- 

day vehicles, but smaller ground clearance seems to be sion declines rapidly as the intrusion proceeds. There are 

likely in a desirable evolution of future vehicles and these two means of protection. Firstly it is appropriate to pad 

allow use to be made of interesting protection solutions all components likely to strike the human body in acci- 

which, moreover, improves the compatibility, dents. The stiffness of the padding should match the 

With regard to the law of force/deformation, the human tolerance level of the part of the body likely to 

UTAC and CCMC studies arrive at similar laws for a hit it. The depth of padding should be large enough to 

crush up to 250 mm; for higher values, CCMC’s proposal prevent it bottoming out in the agreed test conditions. 

is situated above that of UTAC, but this seems to be due This depth depends on the attenuation of the initial ve- 

to test conditions on a dynamometric wall which served locity of intrusion (i.e., the relative velocity of the striking 

to determine this law; UTAC used test results at 35 vehicle). The second means of protection is to strengthen 

km,.qa, which seems more realistic than tests at 50 km/h the side structure so that it is pushed inwards more slowly 

which CCMC took into account; moreover the CCMC and not so far. This reduces the depth of padding needed 

tests were made with dynamometric barriers which are and so there is some scope for variation in design between 

different in the geometry and the number of force meas- having a large depth of padding and a mixture of side 

uring blocks, strengthening and padding. 

As the UTAC studies were made with nonbraking cars, The full-scale test records the combined effectiveness 

and taking account the behind remark, the group mem- of the padding and the side strengthening. It uses a com- 

bers agreed on the complete definition of a deformable plete car with dummies inside, which is struck by a mobile 

barrier which is the synthesis of all the elements defined barrier with its face representing striking cars. The 

by the CCMC, TRRL and UTAC barriers, dummy must be especially designed to record side impact 

This result has to be pointed out, because the works loadings to the head, shoulders, thorax, abdomen, pelvis 

of governmental authorities which have as objectives the and femur, in so far as this is possible. Much work has 

definition of international standards would take into ac- been carried out to develop such dummies in both USA 

count the results of EEVC WG 6 works to improve in and Europe, the latter mostly under EEC sponsorship. It 

an acceptable delay the definition of a side impact full- seems likely that all these loadings, apart from those on 

scale standard test. femurs, can be recorded if required. This being so there 

However the group thinks that the stiffness of the bar- is much to be gained from having a full-scale dynamic 

tier deformable face would be modified if in the future test using these dummies. However only one accident 

the stiffness of car front end decreased, situation can be simulated and side impact accidents are 
very variable in their details. It has been noted that head 

CHAPTER 7: PROBLEMS RELATED TO THE impacts occur against almost everything along the upper 

CHOICE OF A SIDE IMPACT parts of the sides at one time or another. Impacts to the 

TESTING METHOD thorax occur both adjacent to the seated position and 
forwards of this and similarly so for the pelvis. It is 

This chapter summarizes the discussions of the Work- considered that the best way of checking for the head 

ing Group and comments upon the alternative possibilities 
impacts in accidents is to use a head form projected into 

f-or the main features of a car side impact test. Chapter 
various points along the cant rails, A and B posts, and 

8 gives the test procedure preferred by the Working Group 
possibly against the door. 

as a result of their discussions. 
It has been proposed by vari0~s organisations that an 

alternative to a full-scale impact test would be a set of 

1 A Full-Scale Side Impact Test or Systems 
sub-systems tests. These would include an external load- 

- ing of the side structure of the car, either dynamic or 
Testing possibly static. The internal design of the padding would 

When a car is struck in the side, occupants are injured be checked by separate head, chest and pelvic forms im- 

almost instantaneously if they are adjacent to the point patted into the parts of the side that these parts of the 

of impact: there may only be a light sheet steel door human body might possibly strike. There is no doubt that 

between them and the striking vehicle. Injuries may be this system procedure would be cheap and convenient for 

by direct blows to the head or by being struck by the vehicle manufacturers. One objection is that it presup- 

intruding side structure being forced inwards. A few in- poses a particular combination of side strengthening and 

juries ~ur a brief instant later if the occupant becomes depth of padding, whereas the full impact test leaves that 

crushed between the intrusion and something inside, choice to the vehicle designer. There is no doubt that the 

Other occupants further from the point of impact have full test is needed for much of the preliminary study of 

a lower risk of injury but head injuries are common when side impact and for the development of a complete un- 

they are thrown across the car. derstanding of how much side impact protection can rea- 
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sonably be provided. A series of sub-systems tests is a for load cells because the exact imprint of the impact can 
good means of checking the whole of the side but the be seen if the face material does not recover. The yield 
full-scale test is better at checking the interaction of the stiffness of the material is known and so unlike load cells, 
head, body and lower limb impacts with each other and no measurement of car side stiffness can be recorded, but 
for checking for unexpected effects from vehicle com- when the car local stiffness exceeds that of the face, it is 
ponents. Some compromise between the two procedures the face that deforms and the resulting imprint can be 
may be the best answer, measured. It is of course quite possible to mount sections 

of the deformable face on to load cells and so to record 
both loading and depths of crush. It is important to note 2. The Barrier Face---Rigid or Deformable 
that load cells and the overall deceleration of the barrier 

In the past car front to car side impacts have been record the stiffness of the side as it collapses during the 
represented by mobile barriers running into the sides of impact. With the deformable face the deceleration during 
cars being tested and some barriers have had rigid faces the side impact may be lower because the barrier rather 
and other deformable faces. A deformable front face can than the car may be deforming. 
be designed to accurately represent the front of a car as 
it crushes but because the designs of car fronts vary a 

3. Barrier Design 
great deal, it is necessary to choose a particular design 
to represent the whole range of car fronts. This is dis- The design of a mobile barrier for side impact testing 
cussed elsewhere and it is pointed out that most side with all the different possibilities in the selection of a 
impacts are not truly perpendicular and so it is the front deformable face, is discussed in the following five sub- 
corners of cars which are primarily involved, sections. 

One advantage of a rigid barrier face is that the most 
violent impacts into the sides of cars are by Heavy Com- 3.1 Barrier Design--Effect of Barrier Mass 

mercial Vehicles and when cars slide sideways into fixed 
There are two obvious alternatives; either the barrier objects such as trees. The most important difference is 

that a rigid barrier absorbs no energy in an impact whereas mass should be constant for all tests or it should be 
ballasted to equal the mass of the car being tested. The a deformable barrier can absorb its share of the energy 
latter ensures that the cars under test are all subjected to 

to be dissipated. When a rigid barrier is used, the velocity 
a change of velocity of a half of the impact speed of the of impact is reduced to compensate for this, possibly by 
mobile barrier. The former gives greater changes in ve- reducing it by a factor of (~) when the impact being 
locity to cars of lower mass. Although this former pos. 

simulated is between cars of equal mass. Although this 
sibility may appear not to be fair to small cars, it is means that the correct degree of damage is caused in the 
preferred because in real accidents each car model is 

car under test, it gives a low speed of initial penetration 
exposed to the same mix of car models and on average 

of the car door which may reduce the impact into oc- 
smaller cars must suffer the more severe impacts. 

cupants in some circumstances. It seems that a rigid bar- 
Although previous test procedures have mostly used a rier face cannot accurately represent a car-to-car impact 

barrier mass of 11130 kg, it is generally considered that 
but the approximation to it may be close. 

for the future a mass of from about 900 and 950 kg will The details of shape and design for a deformable face 
are discussed in Section 3. 

be appropriate. 

Consideration of the design for a rigid face has led to 
3.2 Barrier Design--Height of Barrier and Position using a narrow width of about 1 metre to avoid the impact 
Above Ground 

being largely absorbed by A posts and wheel arches. Ar- 
guments can be made for either impacting the sills or Because mobile barriers represent car fronts, their top 
having a face set up just to pass over them. In any case forces are usually about 800 mm above ground which is 
it is important that rigid barrier faces are rounded at their about the height of the lower edges of the glass windows 
edges to avoid the edges cutting into the skin of the car in doors. Only a few cars are struck in the side by heavy 
and its doors, goods vehicles or slide sideways into fixed objects but 

One advantage of a rigid face is that it is cheap to use these lead to about a third of the fatal side impacts. In 
because it can be used many times. A deformable face these cases there is usually intrasion at up to the r~f 
can be used only once and its structure must be accurately level and it is often the occupant head impacts which 
reproducible, result from this that can be fatal. However this is not 

With a rigid barrier it is possible to cover the face with discussed for the moment. 
load cells to measure the total load on each area during With regard to the lower edge of the barrier face the 
the impact and there might be say four cells in both upper question is whether this should interact with car sills by 
and lower rows of a small face and double that number putting the lower edge at say 200 mm above ground, or 
for a large face, With a deformable face there is less need be positioned just above them at 350 mm. At present 
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many models of car have little front structure below their sections of perhaps a half of the center stiffness. This 

front bumpers and these can easily override the side sills reduction at the outer sections would ensure that suffi- 

of other cars. This potentially dangerous situation must cient intrusion could occur at the doors however stiff the 

be prevented by encouraging car designers to build air A posts and rear wheel arches might be. There are ar- 

dam structures lower down and of adequate strength for guments for the centre section to be from 400 mm to 

side impacts. With a rigid faced barrier it was found that 1000 mm wide. 

a rounded lower edge just above the sills interacted with This discussion implies that a deformable barrier should 

the B posts of cars so much that the sills were greatly have three sections laterally, namely a centre section and 

distorted and absorbed almost as much energy as if struck, two similar outer sections. It would be possible to have 

This would encourage strong sills and attachments to B five sections rather than three, but this would seem to be 

posts. With a deformable face this loading of the sills an unnecessary complication. On the other hand to have 

would be less severe and the alternatives are either a face a uniform lateral distribution of stiffness would seem to 

missing the sills which would be adequate for lesser im- be unsatisfactory for the reasons discussed. 

pacts or one striking the sills for higher impact levels. 
The latter would be better for encouraging strong side 3.5 Barrier Design--Vertical Shape of Face and 

sills for cars. A corresponding impact test into the fronts 
Stiffness Distribution 

of cars is needed to ensure that in future car fronts are Currently there are several different front profiles for 
designed to be strong low down. cars. Many are vertical or almost so, with just the bumper 

protruding forwards. Most have small bumpers but a few 

3.3 Barrier DesignwWidth of Barrier in the middle 1970s had large bumpers in both depth and 
forwards protrusion. Other cars have little structure above 

Although it would appear logical to have a barrier of. or below their bumpers. Recent cars often have a low top 
full car width (1600 mm), accident investigations show edge but a large air dam below for reasons of low aero- 
that almost all side impacts are not exactly perpendicular dynamic drag. Looking to the future, low aerodynamic 
and a front corner of the striking car usually intrudes drag and the needs for pedestrian protection will have 
into the struck car and then slides round leaving a deep greater prominence. A good shape for the latter is a fairly 
imprint of less than 750 mm width. This is injurious when flat vertical face or one that slopes back slightly from 
the intrusion is into the passenger space. There are two vertical. It would have no hard protrusions and would 
ways in which this can be simulated in a perpendicular have an air dam low down. 
impact. Either the mobile barrier face can be deformable With these considerations and those of section 3.2 in 
with its centre more rigid than its outer wings or the mind, it may be sufficient to have a vertical barrier face. 
barrier face can be a metre or less in width and aimed Although a bumper protrusion could be added, it may 
to miss both the strong points of the body side at the A be left out if future cars are being represented. In any 
post and the rear wheel arch. The choice lies between case most bumpers are fairly soft and are partially crashed 
these two extremes, that is between a rigid or deformable before a side impact is completed. (The exceptions are 
face of say 1 metre wide and a full width of !600 mm the large bumpers of the "safety" cars of the 1970s). 
wide with a suitable design of deformable face. The stiffness distributions of fronts of cars are variable 

with from one-third to two-thirds of the strength being 
3.4 Barrier Design--Lateral Shape of Face and 
Stiffness Distribution 

in the upper half (500 to 800 mm above ground) rather 
than in the lower half (200 to 500 mm above ground). 

As discussed there are two basic assumptions for the However it is almost certain that if future cars are to 

design of a barrier face. It can either be representative of have a good side impact performance in car-to-car im- 

the fronts of cars, possibly averaged over a number of pacts, then the upper halves of the fronts must be rela- 

models in proportion to their popularity, or it can be tively soft. In other words good side impact protection 

modified from this to meet particular objectives. If it is cannot be provided by simple modifications to the sides 

desired to represent actual car fronts it should be flat or of present day car designs unless the upper halves of the 

almost flat across its width with a stiffness which is great- fronts of cars which will strike them are of similar low 

est at the centre and somewhat less towards the sides, stiffness. In fact it is clearly desirable that the upper car 

However some car models do not follow this pattern and fronts should be somewhat less stiff that the effective 

the front ends of their wings may be relatively stiff. An stiffness of doors and B posts. 

averaged design might have the outer sections about two- There seems to be a strong argument for having only 

thirds the stiffness of the centre. A modified design of two levels to stiffness in the vertical pattern on upper and 

barrier face to emphasise the most common impact a lower, because it is desirable that the lower part of a 

whereby a corner of a front penetrates the side of a car car front is much stiffer than the upper. Bumper heights 

might have a stiffness representative of a wing or front have varied through the years but their upper edges are 

corner at its centre and sti!l lower stiffness at its outer usually not more than 450 mm to 500 mm above ground. 
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So it is convenient ~o divide the height into regions of 2.4. The impactor will weigh 950 kg.* 
from 200 to 500 mm and from 500 to 800 mm. 2.5. The impact speed will be 50 krnih (+0, --2). This 

speed will be stabilized at least 0,5 m before the 

CHAPTER 8: DESCRIPTION OF THE PRO- 
impact. 

POSED SIDE IMPACT STANDARD TEST 
3. Characteristics of the lmpactor 

This chapter contains a detailed description of the side 
3.1. The impactor will be a mobile barrier with a de- 

impact test which the group adopted, 
formable front face. 

The information contained in this chapter corresponds 
to what the members of the group think, either after the 

3.2. The deformable impact zone should be 1500 mm 
wide and 500 mm high. 

work carried out on the mobile barriers, in particular by 
UTAC in France and by CCMC, or deduced from the 

3.3. The ground clearance of the collision zone is 250 

contents of the regulations of integrated tests in frontal 
mm. 

impact. 
3.4. There are 6 deformable elements, divided into two 

rows of three elements. 
The information corresponds to the present stage of 

All the elements have the same width (500 ram) 
.......... knowledge, and in any case, the test procedure must be 

supplemented by definition of the characteristics of the 
and the same height (250 ram); the elements of the 

dummy to be used and by the protection criteria to be 
upper row are 440 mm in depth and those of the 
lower row 500 mm in depth. 

measured, and the values which must not be exceeded. 
3.5. The details of the barrier construction are indicated 

These two fields are not the domain of the group, and in Appendix 1. 
moreover, the end of phase IV of the EEC’s biomechanical 
programme (30) must be awaited in order to be able to 
clarify these two points. 4. Preparation of the Vehicle 

4.1. The vehicle to be tested should possess all the equip- 
1. Field Of Use " ment likely to have an influence on the results of 

the tests. 
This test concerns private cars with a maximum seating 

4.2. The weight of the vehicle at the time of the test 
capacity of 6 including the driver, 

will be the weight when empty and in working 
order. 

2. Test Conditions 4.3. The petrol tank will be filled with a nonimflam- 
mable liquid of a density between 0,7 and 1 whose 

2.1. The vehicle to be tested will be stationary, 
weight corresponds to 90% of the weight of a full 

The impactor will be mobile, 
tank of petrol. 

2.2. The trajectory of the impactor will be perpendicular 
4.4. The other fuel circuits can be empty, but the weight 

to the collided car. 
of the liquid must be compensated. 

The median plane of the impactor will pass through 
point R (or its projection on the exterior face of 

4.5. The weight of the measuring instruments must be 
compensated by lightening some parts which do 

the vehicle) from the driver’s seat of the collided 
not have a great influence on the results of the test. 

ear. 
4.6. The windows should be closed. The back window 

2.3, The test will normally be carried out on the driver’s 
may possibly be open. 

side of the vehicle when this has a symmetrical 
4.7. The doors will be closed, but not locked. 

structure. 
4.8. Controls will be in a neutral position. 

However, when an asymmetrical structure is used 
4.9. The other accessories will be in the most frequently 

which is likely to affect the performance of the 
used positions. 

structures of the opposite sides, one of the following 
4.10. The arm-rests, if they exist, wit1 be lowered. 

solutions will be used: 
4.11. The front seats will be positioned 50 rnm in front 

a) upon the constructor’s request, an additional test on of the point R, or in the closest notch to this 
the side opposite to the driver will be carried out. position. 
b) the constructor will furnish the authority carrying out 
the ratification with information regarding the compati- 

5. Dummies 
bility of performances in comparison to the initial test. 
c) the ratifying authority, having assured itself of the 5.1. Two dummies will be installed, one in the front 
merits of the vehicle’s construction, decides to have a test seat, and one in the rear seat on the impact side. 
effected on the side opposite the driver, this position being 

*The German delegate would have preferred that the barrier weight should ~ 

considered as the worst. 110o kg in order to take into account a mass ratio of 13 
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If it is not possible to put a dummy in the back that chapter is not yet built. Therefore, the first point to 

seat, the test will be made with one dummy in the be examined is the validation of the barrier. This should 

front *, but the constructor must prove that the be made in respect of the reproducibility by at least six 

protection offered in the back is at least equivalent tests. 

to that of the front seats. Its deformations should be compared to those of real 

5.L The dummies will comply with the specifications vehicles in car/car collisions under the same conditions. 

retained. Finally, its reactions should be tested in tests against 

5~3~ The dummies will be installed accordirIg to the different vehicles. 

procedure described in the ECE/ONU proposed The chosen value of the ground clearance is a com- 

standard for frontal impact, promise between what is presently realistic and what is 

5.4° The point R will be determined according to the desirable to improve the safety in side impact. This value 

preCedure described in the ECE/ONU proposed could be decreased if it is possible in the same time to 

standard for frontal impact, lower sufficiently the level of front end rigid parts. 

5.5~ The standard restraint system shall be put in use. The problem of compatibility is not resolved by this 

If this apparatus includes belts, these should be of test and a test extended to the front of the car in a frontal 

the approved type. impact against a mobile barrier should be envisaged in 

order to verify that the front of the car is compatible with 

6. Evaluating the Results of the Tests the characteristics of the chosen barrier. This could be 
done by impacting the barrier described into the front of 

The completed test, carried out according to the above the stationary car at 50 km/h. Measurements would be 
methc<!, will be considered satisfactory if the following 

made either of the barrier’s peak deceleration (and hence 
conditions are fulfilled, 

the force it had experienced) or of its deformation (and 
6.1. No door should open during the test. 

hence the energy it had absorbed). In either case the 
6.L The performances noted from the dummies should 

measured values would be required to be below an agreed 
comply with the criteria adopted, allowable figure. It is essential that a notion of omnidi- 

6.3~ Only slight fuel leaks are permitted during the col- rectional compatibility in the conception of vehicles be 
lision. In the event of continuous loss of liquid after 

recognized as a major objective to increase road safety, 
the collision, this should not be higher than 30 gr/ 

and protection in side impact is only a part of this general 
minute, need. The test described above should be justified by a 

6.4. It should be possible, after the collision, without cost-effective study. 
having to resort to tools 

--to open a sufficient number of doors to allow REFERENCES 
evacuation of all the occupants of the vehicle, 
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3. CHARACTERISTICS OF THE FRONT IM- d : defle~tio~ (cm) 

PACTOR ~.1 

3.1. Geometrical Characteristics ~oc~o ,o I 
The front impactor consists of six independent joined c ...    ~ , o 

pa~s. Fo~s ~d sizes and position of these pa~s are ~.~ 

indicated in Figure 1-1. o~ ~ o~, 

3.2. Front lmpactor Stiffness "~"~ ~t" ~X~XXXXXX~XXX 

Pa~s 1 and 3 are identical pa~s. Figure 1-2 shows their (~) 

~~ ~ ~ stiffness. Their fi~rce-de~ection cu~’es must be drawn in 
the hatched region of graph 2a. 

~~ J ~ 

~’~ 
Pa~s 5 a~d 6 are identical pa~s. Graph 2d shows their 

stiffness, their force-deflection cu~es must be drawn in ~" [ ~ ~.~ 
40 L ~ 

~    ~    18.5 

Graph 2b shows the stiffness of pa~ 2, its force- 

deflection cu~e must be drawn in the hatched re,on on 

Graph 2c shows the stiffness of pa~ 4, its force- ~ ~ ~ ~ .... ~.~ 
deflection cu~,e must be drawn ~ the hatched re,on of ~ ~ 

~ ~ o 

this graph. ~ ~ ’ 

The front impactor force-deflection must be drawn in 
the hatched region of graph 2e (Figure 1-2). 4~ 

Verification of front impactor stiffness will be deter- ~ ~ Iv .... 
mined from moving det~able barrier to load cell fixed ,o,:.~ 

z0o 
barrier tests. These tests will be conducted at 35 ~ 2km/N. 

~"’ 

4~~~0~ 0~ , ~ o ~e dissipat~ energy (1) against pa~s 1 and 3 during 
the test will be equal to 10 (~ 2) ~l for each of these 
parts. Fiouro 2. Force-deflection characteristics of the EEVG bar- 

ri~r. 
The dissipat~ energy against pa~s 5 and 6 will be 

equN to ~5 (~ 1) ~l for each of these pa~s. 
The dissipated energy agNnst pa~ 4 will be equal to (1) Indicated energies are energies which are absorbed by 

4 (~ 1) M. the system when the front impactor deflection reaches 

~e dissipated energy against pa~ 2 will be equal to the greatest value. 

14 (~ 2) M. N.B. Cu~es and tolerances given are objects to be reached 

The total dissipated energy during the crash will be and could be changed as a function of materials used to 

equal to 45 (~ 5) M. build the front impactor and of first results of tests made 

The front impactor derogation measured after the test with a prototype. 

on the level of ~ts B (Figure 1-1) must be equal to 

350 (~ 20) mm. 

APPENDIX 2 

r--yL~ ~-I ~ ~ CHECKING TEST OF CHARACTERISTICS 

~’ 
~_~ 5 ,’ 

~ 

6 OF THE MOVING DEFORMABLE BARRIER 

.......... ~- ~, 
1. INSTALLATION 

1.1 Testin9 Ground 
Figure I. Proposed design of the front end (deformable pa~)      The test area shall be large enough to accommodate 

of the EEVC barrier,                            the ~n up track of the movin~ defo~able ba~er, 
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barrier and technical installation necessary for the test. 2. PROPULSION OF MOVING DEFORMA- 
The last part of the track, for at least 5 m before the rigid BLE BARRIER 
barrier, shall be horizontal, flat and smooth. 

At the moment of impact the moving deformable bar- 

rier shall no longer be subject to the action of any ad- 

ditional steering or propelling device. It shall reach the 

1.2 Rigid Barrier obstacle on a course perpendicular to the collision wall. 

The rigid barrier shall consist of a block of reinforced 3. MEASURING INSTRUMENTS 
concrete not less than 3 m wide in front and not less than 

1,5 m high. The rigid barrier shall be of such thickness 3.1 Speed 
that it weighs at least 70 metric tons. The front face shall The instrument used to record the speed on impact 
be vertical, perpendicular to the axis of the run up track shall be accurate to within 1 percent. 
and covered with load cells being able to measure at the 

moment of impact the total load of each part of the 3.2 Loads 
moving deformable barrier front impactor. 

The rigid barrier shall be either anchored in the ground Measuring instruments shall meet the prescriptions set 

or placed on the ground with, if necessary, additional forth in the Norm ISO NO 6487. Channel class of load 

arresting devices to limit its displacement. A rigid barrier measuring chain must be class 60. 

with load cells with different characteristics, but giving Mechanical resonances associated with transducer 

results at least equally conclusive may likewise be used. mounting should not distort readout data. 

An Approach for the Design of a Deformable Mobile Barrier to 
Evaluate the Protection Afforded to Occupants of a Passenger 
Car Involved in a Side Collision 

E. CHAPOUX, tistical way to the proposed solution for a deformable 

Technical General Manager mobile barrier: mass, width, height from the ground level, 
usable height, number of blocks, rigidity of each block 

J. C. JOLYS, and possible procedure to follow with maximum accuracy 
Head of Safety Department and the curve of mean rigidity issued from the actual tests, 

A validation procedure has been already set up, and right 
R. DARGAUD, Engineer now, data are collected during side collision tests of 10 

Union Technique De L’Automobile, vehicles (selected out of the 20) against the same vehicle, 
Du Motocycle Et Du Cycle (U.T.A.C.) also chosen among the 10 and taking account of its sta- 

tistical importance in the registrations, and also of its own 

ABSTRACT structural technology. 
A comment discusses about some arguments already 

expressed at the meeting of the Working Group n° 6 
The statistical importance of the lateral impact, either 

(C.E.V.E.), showing the possible subsequent develop- 
in quantity and severity index of injuries, is stressed out. 

ments carded out with the proposed deformable mobile 
The various test procedures allowing to quote the degree 

barrier (BMD: Barrier Mobile Deformable) for the im- 
of protection afforded to the occupants of a passenger car 

provement of regulations, taking account of performance 
are analysed. It is also recalled that the only procedure 

criteria instead of geometrical ones. 
capable to lead to a realistic and coherent approach of 
the problem is the test carried out with an impactor of 
which the front end features specific properties of rigidity INTRODUCTION 
and deformation. 

The details of measurements carried out on 20 cars Since the governments became fully conscious of the 
representative of present practices in automobile struc- importance of the frontal impact in the overall records 
tural design, and affording good passenger protection in of road accidents in which passenger cars are involved, 
case of frontal impact, are discussed here. Precisions are this type of impact was submitted to extensive searches 
also given on their treatment, thus leading through sta- in the field of shock mechanics as applied to automotive 
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structures, and also in the field of biomechanics. Those Although some restrictions could be made about the 

studies resulted in the creation of official regulations mak, response of the existing dummies used for tests of lateral 

ing compulsory an array of safety standards, first applied impact, a study showed that, for given structures main- 

in the USA, then in Europe and at a later date in other rained constant, an increase of the weight of the impacting 

countries, and pertaining to the vehicles themselves as vehicle has a small influence on the value of the severity 

well as the restraint systems anchored to the structure, indexes of the injuries, as measured on the dummy. 

The biomechanical incidences have led to the construc- As soon as they knew the incidence of the significant 

tion of dummies, allowing the possibility to evaluate the parameters on the occupants protection, the French ex- 

crashworthiness and then the quality of protection af- perts, since the origins of those studies, have rejected the 

forded to the occupants by means of protection criteria use of a rigid barrier, despite the fact they did a great 
measured on the dummies. This is done in the target of deal of work in the preparation of a proposed ECE reg- 

a more efficient regulation, and keeping the manufactur- ulation at Geneva. In fact, such a rigid barrier cannot 

ers free for the choice of the most suitable solutions, take account of the velocity variation of the inner panel 

Europe did not hesitate to follow the way paced by the area nearest the occupant. 

USA, and has just adopted, in the frame of the UNO WP The same experts found of interest, in view to solve 

29 working group of Experts, a regulation aimed to the simultaneously the problems of lateral protection and ag- 

same target, gressiveness of the front end of a given vehicle regarding 

If sectorial regulations could be applied without any the other vehicles, to study an impact procedure of side 
criticism about their efficiency in the field of frontal im- collision between two identical vehicles. This assumption 

pact, and have led to substantial improvements in the was founded on the analysis of the sturdiness of vehicles’ 

quality of occupant protection even before the creation side panels, and the door openings arrangement. It has 
of the test so called "global" or "integrated", nothing been witnessed that, in the areas involved in actual ac- 
similar could be foreseen regarding lateral impact. This cidents, the stiffness variations were small according to 
sort of shock has taken a growing importance in the the gauge of the vehicles. Consequently, a vehicle of small 

statistical records of accidents, so far the effectiveness of aggressiveness against itself will have rather the same 

the compulsory regulations was perceptible on the new behaviour against other vehicles. 
vehicles. It must be said that a regulation laid down in The drawback of this procedure was to neglect the 

the USA made possible some improvement on the Amer- weight effect. The procedure, in fact, must allow to take 
ican-sized vehicles, but this could be hardly applied to account of the various present and future cars’ configu- 

the European-sized vehicles, due to the differences in ration, thus leading to us an impactor shaped as the front 

structure techniques and weights between the 2 kinds of end of a vehicle which, thanks to its resilience properties 

vehicles, and crashworthiness, will afford an acceptable protection 

The most severe i~uries issued from a lateral impact to the occupants in case of frontal impact while preserving 

are lesions concentrated in torso and pelvis regions (AIS a fairly small aggressiveness. 
4, 5 and 6). Important studies, undertaken in the frame This front end representative of modern cars’ design 

of the Physiology and Development Department of the must then be fitted on a mobile barrier, of a given mass, 
PEUGEOT-RENAULT Association, in cooperation with which will be propelled, according to some precisely pre- 

the French government, gave evidence that the most de- set conditions of speed and orientation against the side 
terminant factor in the severe injuries resulting from a panel of the vehicle to be tested. 
side impact was the velocity of the inner panel, on the Thus basic principles led to detailed questions pertain- 
side of the impact, at the r.uoment of contact with the ing to the design of the impactor: 

occupant. 
At the moment, it must be noticed that, according to What shape must be adopted? 

the intrusion, this inner panel velocity is fairly greater What rigidity distribution must be selected? Who speaks 

than the ve!ocity of non-impacted structures of the ve- about distribution means variation in stiffness between 
hicle, spotted points on the front end. But in view to limit those 

The improvement of the protection against lateral im- variations, it has been accepted to divide the front end 

pact, accordingly, makes necessary to reduce this velocity in a certain number of blocks. 

of contact between inner panel and occupant; this can be How many blocks to retain? 

achieved by means of design changes of the lateral struc- What rigidity to be adopted for each of them? Will it be 
ture at one hand, and by a careful study of the compat- constant, or variable according to a given rate for each 
ibility between front end structures and modified side block? 

panels on the other hand. This problem of compatibility So far those questions are given an answer, and the front 
between frontal and lateral structures can arise the ques- end conveniently designed. Another question is: 
tion of the effect of the ratio between the weights of the What will be the overall mass of the complete mobile 

2 cars involved in the collision, barrier? 
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OF A DEFORMABLE MOBILE If A, is the value of one of the parameters (measured 
on the reference vehicles, i varying from 1 to 20 according 

to the above table), the mean average in function of the 
working program carried out in France by various values of nl mentioned in the above table will be 

and supported by the French government and expressed by the formula: 
Automotive Manufacturers allowed to afford proper 

the questions mentioned above and, taking 

2~’~~h~’oX" hi, 2~2x~° Ai X ni the previsible fluctuations of car popularity by A = ~ say 

of the grand total of French registrations, to 
t ~ rh 1 100 

project of deformable mobile barrier which, at ’ 

has been compared with other European 

Impact Tests Against a Dynamometric Fixed 
American proposal could not be taken under con- Barrier 

afterwards, due to the diferences in layout and 
Except for the steering system assembly, which inter- 

between the American and European cars selected 
feres very little in the general crashworthiness, due to its 

against the respective barriers. 
own longitudinal stiffness and the one of its attaching 
brackets, a car may be considered as symmetrical re- 

Data Related to the Reference garding its longitudinal axis plane. Considering the pres- 
ence of the engine, centrally located in front either in 

vehicles were selected according to two criteria: longitudinal or transverse position, it was agreed to divide 

were well representative of the contemporary the front end of the impactor in six blocks. Taking account 

automotive construction able to afford a con- of the variations in height and width from one sample 

protection to the front seat occupants, in agree- vehicle to the other, U.T.A.C. was led to build a dyna- 

the FOposed regulation presented by the mometric fixed barrier as pictured on Figure 1: This 

representatives to the ECE of GENEVA. barrier can integrate all the stresses applied on any vehicle, 

were also well representative of the car reg- considering the gap between the two rows of blocks lo- 

distribution inside the French territory, cated at a height of 550 mm above the ground level. 

vehicles were the basis of the investigations. 
proposed regulation, known as the "integrated Description of the U.T.A.C. Dynamometric 
"synthesis test", is based on the biomechanial Fixed Barrier 

measured on anthropomorphic dummies, and not 
structure construction criteria as it was in the Each element of the dynamometric fixed barrier con- 

regulations still enforced at the present time. sists of: 

following table shows the relative percentage of --a 10 mm thick steel plate, fitted with stiffness, 
registration for each of the 20 selected vehicles. 

--a 150 mm thick wooden block, 

Reference no. Relative quantity --a 19 mm thick (--- 1 mm tolerance) sheet of plywood. 

vehicle (i) in percent (ni) The assembly of each plate is fastened on a 34 mm 
1 4,06 thick steel plate through 4 load-responsive sensors (Fig. 
2 6,65 

1). 3 5,11 
4 5,14 
5 0,26 
6 4,63 800 ~ soo ~ _ .80__0 ......................... 

8 6,03 
9 7,73 5 ~ 6 

10 11,26 I ,-~. ,4., ....... {-, c,~p~e~, ~) 
11 3,47 
12 0,62 
13 0,28 
14 1,00 1 2 3 
15 3,77 
16 21,49 
17 6,54 
18 8,37 
19 0,06 ~i ~oupe A -,~ 
20 3,37 

100% Figure 1. The U.T.A.C. dynamometric fixed barrier. 
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This latter plate is used as the base for the dynamo- 

metric unit, and is itself fastened on a concrete barrier 
by means of ten 16 mm in diameter screws. Dimensions 
of the concrete barrier are: width: 3 meters--usable 
height: 1.50 meter. The thickness has been calculated to 
obtain an overall mass of the concrete barrier not inferior 
to 70 metric tons. The verticality of this barrier, and its 
perpendicularity related to the trajectory imposed by the 
propulsive unit are afforded with an accuracy of --- 0.5 
degree. 

The measuring device consists of 24 load-responsive 
sensors. The signals emitted by the 4 sensors of each 
element are added through an electronic totalizer which 
calculated the total value of the load applied on each 
considered element. Figure 3. The recording equipment, shown during an actual 

The range of possible measurements for each sensor is: 
vehicle test. 

--20,000 daN for each of the upper side blocks (N° 5 and 
6) is applied, the base of calculation being the values of the 

--40,0CO daN for each of the upper central section, and load recorded on the 20 selected vehicles, and this for 

for all the lower blocks (N° 1, 2, 3 and 4). each plate of the dynamometric barrier. 
As a matter of example, if (N) represents the mean 

The measuring channels are in agreement with the ISO load (~) measured on the dynamometric plate (,j) for a 
Standard NO 6487 for the t~equence class 60. crush value (e), the measured loads on each of the vehicles 

The whole assembly of the dynamometric fixed barrier (i), for the same value of crush (e), being f~, this mean 
and its attached recording equipment is pictured on Fig- !gad on each plate will be: 
ures 2 and 3. 

2O 

Determination of the Laws Relating Load to ~, f,~ (e) x n, 
Crush Characteristics ~o~ = ’ 100 

On each dynamometric plate, loads are measured re- 
lated to time. The curve of the crush variation of the with j varying from 1 to 6. 
front end of the vehicle related to the time can be obtained This formula makes possible the determination of the 
by means of a double integration of accelerations values mean average load on each plate related to the crush 
measured on the structure. This curve can be checked value (Fig. 7), and, by summing up, the total mean average 
from the analysis of the moving pictures taken during the load related also to the crush value (Fig. 6). 
actual test. Consequently, it becomes easy for each vehicle From the notations mentioned in the Fig. 8, the Tables 
(i) to determine the law between load and crush for each 1 to 7 added in the appendix give the characteristic values 
dynamometric plate (Fig. 4), and the total load in regard issued from the analysis of curves F = f(e) for each plate 
of this amount of crush (Fig. 5). j (1 to 6) and for each vehicle i (1 to 20). 

For each value of crush, the above mentioned formula 

Determination of the Mean Average Mass 

If one applies the load formula to the particular load 
of each sample vehicle i (1 to 20) as mentioned on Table 
7, A being the mass mi, the mean average mass will be 
given by the formula: 

2O 

, I 100 

~’his calculation leads to a mass of 903 kg. Should the 

same calculation be applied to 100 models of vehicles 
registered in France, and having a consistent statistic 

Figure 2. The U.T.A.C. dynamometric fixed barrier, significance, the result is M = 915 kg. 
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^.plague 1 plague 2 pla~ue 3 

0 

Figure 4. Curves of loads variation related to the value of crush of a vehicle tested against the U.T.A.G. dynamometric 
fixed barrier. 

DIMENSIONAL CHARACTERISTICS imum crush values mentioned in the Table 7, and follow- 
ing the previous calculation procedure to deterrrdne mean 

The silhouettes of the 20 vehicles supplied by the au-    values, is Emax = 355 mm. 
tomotive manufacturers have been numbered.                On the same Table 7, a minimum value of 260 mm is 

If the already introduced calculation procedure is ap- mentioned for Emax. 
plied to each point of the silhouettes, starting at the front The maximum dynamic crush value of the front end 
bumper level and according a given pitch, one can obtain of the barrier will be chosen at the level of the mean 
in a vertical plane a mean average profile, as well as a average value of maximum crushes, say 360 ram. 
mean average projection on an horizontal plane (Fig. 9). Taking account of the advantage to oversize the blocks, 

avoiding them to be used at their maximum capacity, it 

Determination of the Crush To Be Considered appeared highly suitable to adopt a block "depth" equal 
to 500 mm. 

The front end of the deformable mobile barrier must 
be compatible with the mean average stiffness of each Composition of the Working Section of the 
constitutive block to simulate the crashworthiness of the 

UTAC Deformable Mobile Barrier (BMD) 
sample vehicles, and, accordingly, to produce similar ef- 
fects on the lateral structures of the cars to be tested. If the target of the test is a direct average simulation 

The mean maximum average, as defined from the max- of the effects of the 20 vehicles on the side panels of the 

effol5" (kN) 

300                                                                 effort ( kN ) 

en~ncement (cm) 

0 I0 20 30 enfonc~ent 

Figure 5. Cu~e of the total load variation related to the value     -- 
of crush of a vehicle tested against the U.T,A.C. Figure ~. Cuwe of the variation of ~he to~l load mean 
dynamometric fixed barrier, erage value obtained by calculation. 
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.~, plaque 5 ~, plaque ~. 
.~, 

plaque 6 

,~o --- 4o -- 

Figure 7. Curves of the variation of the loads mean average values calculated on each dynamometric plate. 

0 E Emax en fonc emen f-(~)--’- 
i~ass of the sample vehicle               V° : ve!ocity aL Lhe very beginning off impact 

F max)                                      F     = average value of F calculaLed for ~he 
moy duraUon oF ~he impact 

average value of- F calculated ~F 
up to E max. Pente : value of" the ratio 

~ 
coe~ficien[ of~ elastic regeneration, given by the [ormula : 

tl ~ dt - V 
o    ~ith ~ = Ll when ~’= o 

o 

tale of energy absorbed by each dynamomeLric plaLe. 

Figure 8, Definitions of the parameters mentioned in the Tables 1 to 7. 
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Table 1. Values recorded on the dynamometric plate no. 1. Table 3. Values recorded on the dynamometric plate no. 3. 

,~ ,,~ ,~.,. ,,~,, ~,.~. ,,.~ ,.,, ~.~ ,,., : ........ : ......... : ..... :.-: ..... i---: ..... :.---: ..... ~ ...... !-:----:---:----:----: 

stiffness, and that this stiffness of each block must be 
vehicles to be t~ted, it is impo~ant that the barrier con- calibrated as the more suitable to the recorded mean 
sist~g of defo~able blocks having rigidity prope~ies average rigidity values. 
such that, duNng a test of frontal collision of this barNer At the moment, it seems di~cult to obtain a contin- 
against a dynamomet~c ba~er, the cu~e "total load uously va~able ~gidity to reproduce the cu~es issued 
relat~ to emsh value" is maintained as identical as pos- from calculation. 

............. sible to the average cu~e already traced (see Fig. 6) and Besides that, the manufactu~ng process having to be 
that this average load will be dist~buted on each block reproducible at the minimum cost, it has been contem- 
as mentioned on the cu~ of the Fig. 7. plated to call for well proven techniques in favour at 

It can be concluded that, to reproduce (or simulate) U.T.A.C., and, to use, for example, the well known 
the direct effects, it is not possible to use blocks of constant honeycomb st~ctures with adjustable ~gidities. 

Using current products having defo~ation specific 

Table 2. Values recorded on the dynamometric plate no. 2. 

~£~~~~:;~~: Table 4. Values recorded on the dynamometric plate ............. no. 4. 
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Table 5. Values recorded on the dynamometric plate no. 5. Table 6. Values recorded on the dynamometric plate no. 6. 

’++++;T--:-++:+~’--’,-+-~:~-;++-;~--; 1.~ ; ,.. , ~,~ , ~.~ , ~,~ + , ~1 , ~ , 3~,+ , ~,~ , ~,~ , 6.~ , ~.3~ , ,,oz , 3,9 

Table 7, Values related to total loads variation curves (related to crush values). 
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Figure 11. Mean curve "load/crush" related to dynamo- 
metric plate N° 2. 
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Figure 9. Definition of the front end of the vetqicle obtained       pression(N/crn’]          15               30 

from the silhouette of numbered sample vehicles. 
Figure 12. Mean curve "load/crush" related to dynamo- 

metric plate N° 4. 

pressures of 15, 30, 45, 60 and even 75 N/cm=, the curves 

pictured on figures 6 and 7 would be approached by using 

only a stepped variation of rigidity as mentioned on the , F(kN) 

graphs of" Figures l0 to 14. In this case, the approxi- 
s0 

--eefortca~u{a! 
~efforf aH.D. marion, related to the curves F = f(e) of the various 

zs 
vehicles, would be as represented on Figure 15. 

r-- ..................... "~ 
The honeycomb structures offer some advantages as: 1..~.. .... . 
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~Deformation properties well known and reproduci- 

ble,                                                            I" 

--Reasonably easy operating conditions, repute du btoc a 
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Figure 13. Mean curve "load/crush" related to dynamo- 
~ F(kN) metric plates N° 5 and 6. 
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Figure 10. Mean cuwe "load/crush" related to dynamo- Figure 14. Mean cuwe of the total load related to crush 
metric plates N~ 1 and 3. values. 
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-- ~fforfs totaux ~esur~s I ~0 ~ss~is ~ 
--effort f~t~ B,H.D 

Figure 15. Position of the obtained mean curve related to 
total loads of various tested vehicles. 

--Material early available due to its widespread use in 
aerospace industries, 

--Minimal residual thickness. 

They present also some disadvantages, such as: Figure 17. Exploded view of the front end of the BMD 

--Privileged directional deformation, 
(U.T.A.C.). 

--Stepped curves in the graph representing load/crush 
relation, due to the use of various types of honey- The complete barrier, which weighs 915 kg, is sche- 

combs for a sarne block, matically sketched on Figure 19. 

As future developments, it seems possible to study other 
types of materials or maybe evolutive structures; but this Validation of the U.T.A.C. Deformable Mobile 
possibility supposes extensive searches of which expected Barrier 
results are questionable. In view to compare the consequences of a simulated 

side collision, the impacting vehicle being replaced by the 

of the U.T.A.C. Deformable BMD barrier, with those recorded in a vehicle to vehicle 

Mobile Barrier deformation, 10 tests have been performed according to 
this latter configuration. The impacting vehicle was se- 

Taking account of the above mentioned considerations, lected out of the 20 already mentioned, regarding the 
the front end of the proposed U.T.A.C. mobile barrier particularities of the front structure. The impacted vehicle 
will follow the specifications shown on Figures 16, 17 was always the same. 
and 18. The 10 impacting vehicles were those numbered as 3, 

6~ 7, 10, 11, 16, 17, 18, 19 and 20. The impacted vehicle 
was the N° 17. 

This impacted vehicle was fitted with 2 "HYBRID II" 

belted dummies occupying the front seats, and another 

n n°du b|o~ -,~ 

(Nlcm’) I > "/)~’., //I 

500 np p ,~t~°l~ ~oo,.~470 [ ac ..... 
ivue de face 

a 15 ~ section A-A"~ 
b 15 niveau du sol 

c 30 secfion B’B 

q ?S ~ vue ~e dessus 

Figure 16. Front end of the U.T.A.C, deformable mobile bar- 
rier. Figure 18. Definition of the front end of the BMD (U.T.A.C.) 
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The front seats were adjusted so that the reference point 

~ 
~ ~ ! corresponding to R point was in a fore position of S0 The impacted vehicle was standing. The impacting ve- 

hicle followed a path perpendicular to the longitudinal 
axial plane of the impacted vehicle. His axial plane con- 
tained the H point corresponding to the driver’s dummy 

I ~ ~ ~ 
seated as mentioned above for the front seat adjustment. 

~ The test speed of the impacting car was 50 + 2 km/h. 
~0 -- 

- "~ The data and values measured in the course of the test, 

j ~~ 

~ 

or obtained by calculation, are considered as representing 
~ o+’L ~.O0_~L~, %L;/ ~ ~ ~ I oL i! the "envelope" within the values recorded with the help 

T ~’ ~ 1000 ] 
~ 

of the BMD, or recorded on the BMD itself, will be 
~ 

"~ 3000 
"~ contained. The deformations of the BMD will be also 

compared with the ones suffered by the 10 impacting 
Figure 19. The U.T.A.C. deformable mobile barrier equipped vehicles, and this on a convenient number of tests (6 seem 

with its front end. 
to be the necessary number), all performed with the same 
impacted vehicle (N° 1 7). Decelerations and deformations 

Hybrid II dummy, unbelted, sat on the rear seat behind recorded on the BMD during those 6 tests must be kept 
the driver, within acceptable dispersion limits. 

The shock was applied on the driver’s side. The dummy The aimed target is that the measured parameters of 
simulating the driver was the only one fitted with re- the impacted vehicles and on the driver’s dummy would 
cording devices to measure accelerations on the head, the stay inside an acceptable area of average values recorded 
torso and the pelvis, during vehicle to vehicle tests. It is not before a complete 

For each of the impacting vehicles, the parameters study of the results that, after discussions with the tech- 
mentioned hereafter were measured: nical teams carrying the same kind of researches in other 

--Accelerations: 
countries, the final profile book of the barrier will be 

¯ of the engine worked on. 

¯ of the front axle assembly 
¯ of the structure at the level of the B pillar. Possible Developments of the U.T.A.C. 

--The masses being already known, the corresponding Deformable Mobile Barrier 
energies could be calculated. 

--The crush value of the vehicle and its vertical de- 
To take account of the International conjuncture, the 

formations were obtained from the analysis of the French representative has presented to the CEVE Work- 

movie pictures of the test. 
ing Group 6 the results of his works, and a detailed 
proposal about the U.T.A.C. BMD. Discussions promptly 

Besides that, the rearward motion of the engine and of resulted to a synthesis of the various types of European- 
the front axle assembly were calculated, designed barriers designed in accordance with the same 

On the impacted vehicle, the accelerations were re- methodology (TRRL---CCMC--U.T.A.C.). 
corded: The conclusions, and the proposal for a European 

---on the B pillar of the side opposed to impact, "BMD", are the basic theme of the (EEVC) Report at 
the present ESV conference. --at the level of the A pillar of the side opposed to 

impact, 
--on the inside door panel, impact side, at the levels POSSIBILITIES RESULTING FROM A 

of shoulder and pelvis. FUTURE DEVELOPMENT OF A EUROPEAN 

After the impact, deformations were recorded on 3 DEFORMABLE MOBILE BARRIER 

levels, on the side of the shock: During the sessions of the Working Group N° 6 of the 

plumb with the side rail (girder), 
CEVE, the French representative, together with his Ital- 

--plumb with the R reference point of the driver, 
Jan colleague, stressed out the possibility to solve the 

plumb with the joint between side glass and door 
important and difficult problem of compatibility through 

glass frame, 
the use of a BMD. 

The "integrated test", adopted as a regulation both by 
On the 2 vehicles, contact between dummies and inside the Federal Republic of Germany and France, represents 

panel of the habitacle, and contacts between dummies, an important step forward in the improvement of the 
were also stressed out after the actual test. safety afforded to occupants as, to meet the required 
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protection criteria, the front end of the vehicles must protection that heavy vehicles would have to feature to 

feature some possibilities of deformation which are not minimize the consequences of accidents resulting from 

compulsory, and even contrary, to fulfill the requirements frontal collisions with passenger cars. This is to take ac- 

of the Safety Standard N~ 12. count of this future evolution, which consists to make 

If the side panels must fulfill the protection require- compulsory performance criteria instead of geometrical 

ments for the occupants’ safety during an impact with criteria, that, due to the foreseen evolution at the horizon 

the European BMD, it seems logical, in a not so distant 1990, France has withdrawn its projected regulation per- 

t~ature, to foresee that the protection of the occupants raining to the organization of the front end for heavy 

must be also fulfilled during a frontal impact against the vehicles having a weight exceeding 19 metric tons. 

same BMD, the trajectories being offset to take account To close the subject of possible uses of this BMD, it 

of the most frequent type of road accidents (test offset seems possible to replace the present protection criteria 

I/3 or 1/2 car). This test would supersede the one against pertaining to lights and traffic signals, based on geo- 

an oblique stationary barrier which simulates the same metrical requirements concerning the bumpers, as well as 

type of accident, their sturdiness, by a global test at low speed against the 

To take account of the different severity levels of those front end of the vehicle. 

two types of tests, the impact speed could be increased At least, if it would appear that the technical specifi- 

and, in view to reproduce more accurately the dynamic cations of the BMD would become no longer represent- 

phenomenon appearing during the staggered impact, the ative of those of current vehicles in an unpredicted future, 

vehicle and the BMD would be both in motion, either at it should be possible, without changes in technique and 

the same or at different speed(s). During such a test, alterations to the biomechanical criteria, to modify the 

attention would be focused on certain weaknesses in the impactor in order to make it more up-to-date in line with 

restraint systems behaviour, particularly on the seat belts the contemporary production automobiles. 

which have a tendency in certain actual accidents to get Such prospective considerations outline the interest as- 

loose from the bearer’s shoulder, a situation not recreated sociated to the design and to the validation of the Eu- 

during the test against the stationary oblique barrier. Fur- ropean BMD, in view to make possible the evolution of 

thermore, cohesion in the safety tests would be achieved the regulations pertaining to safety, and this in a more 

if the same BMD would be used for the evaluation of the realistic direction, the automotive manufacturers keeping 

occupants’ protection in case of impact from the rear. the benefit of the free selection of solutions they will 

Without any excess of optimism, it can even be antic- consider as the most adequate ones to obtain the best 

ipated, as proposed by the French delegate at the most possible balance between safety, energy and environment 

recent meeting of the GRCS in August 1982, in Geneva, saving, and comfort, all vital factors for the vehicles of 

to use the same deformable mobile barrier to evaluate the the future. 

Between Car Front and Side Structures to Improve Side 
impact Protection 

I. D. NEILSON and P. M. WATSON                --the shapes of the sides of the car and of the car fronts 

Transport and Road Research Laboratory       which strike the side. 

The Marina SRV of 1974 showed that side impact 
protection could be provided. Further tests are reported 
on this design which show how the protection varies with 
speed of side impact and indicate how important are 

While test procedures are being devised to check that padding, strength and shape. 
side impact protection is being provided to some prede- Tests are also reported on the fronts and sides of twelve 
termined standard, it is important to know what level of models of car when impacted by a mobile barrier with 
protection is practically achievable. Early work has shown load cells on its rigid face. Analysis of these results sug- 
that protection depends on three design features-- gests how some compatibility between the fronts and sides 

--the padding of components likely to be struck by of all future models of car can be achieved and what sort 

occupants of impact test might be required to check the design of 

--the strengthening of the side structure to reduce the botla the fronts and the sides of cars. Some verification 

speed of impact of the side into the occupants of these ideas is being arranged. 
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INTRODUCTION ibility which is discussed in this paper. As an illustration 

Now that many studies have been carried out to show 
of the effects of car fronts on side impact two small cars 

how car occupants are injured when their cars are struck 
of very different frontal stiffness have been impacted into 

in the side and there have also been structural design the sides of Princess cars. However, the main analysis of 

studies to fmd how car sides can be strengthened, it is this paper is that of impacts into the fronts and sides of 

appropriate to consider whether the shape and stiffness cars of twelve different models using a mobile barrier 
with a rigid but small face on which were load cells to of whatever strikes the car side is important to the out- 
record the loadings on each. The results enable proposals come. One conclusion from the design study which pro- 

duced the SRV Marina car in 1974 (1) was that the shape to be made about suitable levels and patterns of stiffness 
..... for car front and side structures. ........... of the impacting object was important. Some further re, 

suits of this work are now presented. However there has 
been a trend away from low protruding car front bumpers EXAMPLES OF THE CAR FRONT TO CAR 
since 1974 and bumpers are now mostly small and light. SIDE IMPACTS 
Considerations of pedestrian protection also require that 
the car fronts shall be almost fiat and nearly vertical. It It is appropriate to illustrate the effects of current fron- 

........... tal designs of cars when impacted into a typical car side. ........ will be necessary if car fronts are not to unnecessarily 
injure the legs and knees of pedestrians, for them to crum- Accident evidence such as in references 4, 5 and 6 shows. 

that the most typical severe side impact into a car occurs pie under pedestrian impact to a depth of up to 200 mm 
when the striking car hits the struck car at an angle (2). The question is whether these design features can 

contribute to the car front to car side impact problem, slightly forward of perpendicularly at a point on the front 
door so that the deforming side structure intrudes upon Although most serious injuries incar side impact ac- 

cidents result from car impacts into the sides of other an occupant. Two tests were carried out to represent this 

cars, a smaller proportion, but under a half of the fatal situation with the struck cars stationary and the striking 
cars at 20° forwards of perpendicular moving at 49 injuries, occur when either the impacting vehicle is a 

Heavy Goods Vehicle or other large vehicle or control is km/h with their centrelines in line with the gap between 

lost of the car and it slides sideways into a rigid fixed the front and rear door on the offside. Both struck cars 

object such as a tree. It is clear that modifications to the were Leyland Princess models, chosen because their side 

fronts of cars cannot improve these situations. Despite stiffness is relatively high. The striking cars were a Ford 

this it would seem to be worth matching car fronts to car Fiesta and a Renault 5. The former has relatively stiff 

sides. This being so, some regulation of car design could upper and lower front structures, while the latter has a 

be achieved by declaring a maximum stiffness for car relatively weak upper front structure, weak lower (bumper 

fronts, level) outer bumper sections but a stiff central bumper 

One possible test procedure would be to have a mobile section. These two frontal designs represent the extremes 

barrier with a deformable face which is the size of the of the frontal designs of small cars as is shown in Section 

fronts of cars. When impacted into the side of a car under 4. The Side Impact Dummy used was an early TRRL 

test it would be required that the car side is stronger than SID with a stiff shoulder and Table 1 shows the effects 

the barrier face so that the latter collapses rather than of car frontal design. 

the side. The same design of barrier face is then impacted Improved dummies have shoulders which deflect at low 

into the fronts of other cars under test but the car fronts loadings, so that the upper body is decelerated by the 

should collapse and not the barrier face on these occa- thorax, possibly by the head, but not by the shoulder. 

sions. If all cars were designed with these ideas in mind, However, the sum of the peak loads on the ribs and 

there could be great reductions in side impact injuries if shoulder is a good indicator of upper body loading when 

car interiors are also suitably padded. However, it will this early dummy is used. The results suggest that the 

not be possible to reach this situation because car fronts pelvis can be overloaded in impacts of this severity by 

at present are highly variable in terms of their stiffness, cars of present day design but that even if the pelvic load 

It is not practicable to require car sides to be slightly is somewhat reduced it is likely that the upper body 

stiffer than all existing car fronts, loading is excessive. 

The key lies in compatibility, and with lighter weight It appears that severe injury is likely in these conditions 

structures and pedestrian impact considerations the future and also that the detailed design of a car front does 

car should materialise with a comparatively soft front end influence the injuries to occupants of a car that it strikes. 

and a strong matching energy-absorbing side structure. 
So the stiffness of the barrier face may have to be pro- THE SRV MARINA SOLUTION FOR SIDE 
gressively reduced over a period of time to achieve the IMPACT PROTECTION 
desired levels of compatibility and weight saving. 

A previous paper (3) has outlined the earlier work As already mentioned this 1974 project demonstrated 
leading up to the study of car front to car side compat- the occupant protection levels which could be obtained 

421 



EXPERIMENTAL SAFETY VEHICLES 

Table 1. Dummy Ioadings for side impact tests of Fiesta and Renault 5 into Princess cars. 

Peak loads 

Ribs + shoulder 
Impacting car Pelvic loads Rib loads (4)* Shoulder loads loads* 

(kN) (kN) (kN) (kN) 

Fiesta 7.40 0.42,0.59,0.38,0.09 11.2 12.68 

Renault 5 11.43 0.63,0.23,0.10,0.73 3.95 5.64 

Possible safe tolerance loads 6 1,!,1,1 (7) + (11) 

{’kN~ ........ 

* Peaks not at same instants of time and so sums in fifth column only generally indicative. 
" Hum~ tolerance much below 7 kN, but this value suitable for the rigid dummy used. 

by designing cars which were compatible with each other, rear passenger seat behind the driver. As a basis for com- 

The design considerations included: pafison the first test used two identical standard produc- 
tion cars, followed by a standard car striking a modified 

a) the relative stiffness of the front and side structures vehicle. Two modified vehicles were used in the final test 
to absorb the maximum amount of energy while at this speed. Two similar tests were conducted using 
keeping intrusion to an acceptable level in the struck modified vehicles but the test speeds were 33 km/h and 
car. 16 km/h. 

b) the shape of the front of the striking car. The dummy loads for the side impact dummy for the 
c) the provision of padding materials to limit loads on five tests are given in Table 2. 

the occupants. These results clearly show that serious multiple injuries 

.The front structure of the striking car incorporated a in standard cars (Test 1) should be eliminated using mod- 

soft headlamp surround in a sloping front, to limit the ified vehicles at similar speeds (Test 3). To obtain this 

loads transmitted at waist level, and a protruding ab- significant improvement however, the front of the striking 

sorbing front bumper centred at 370 mm above ground car needs modification (compare Tests 2 and 3) and so 

level which contacted the overlapping door and sill panels a compatibility requirement for the fronts of cars seems 

in the struck car. to be essential. 
The combined strength of the door and sill panels was Analysis of the results showed that the energy absorb- 

to be sufficient to reduce penetration into the struck ve- ing bumper system absorbed 20% of the impact energy 

hicle which was fitted with crushable materials to protect at 49 km/h, 38% at 33 kmih and 44% at 16 km/h. The 

the occupant in the pelvic, rib, shoulder and head areas, sloping front of the striking car caused the struck vehicle 

Three tests were carried out with the striking car im- to roll towards the striking car 6~° for the 16 km/h impact 

pacting the driver side of the struck car at 49 km/h at and 14~° for the 33 km/h impact. This vehicle roll em- 

90°. A fully instrumented TRRL side impact dummy was anating from the low impact line was beneficial in delay- 

seated in the driver seat with a standard dummy in the ing occupant contact so that it was at a reduced relative 

Table 2. Dummy toadings for side impact tests of standard and SRV Marinas. 

Peak loads 

Rib + 
Shoulder shoulder 

Speed Striking Struck Pelvic loads Rib loads (4)* loads loads* 
Test (km/h) car car (kN) (kN) (kN) (kN) 

1 49 Standard Standard 9.2 0.37,0.75,1.57,1.43 I 12.5 16.62 

2 49 Standard Modified 
M2 door 4.9 1.21,0.95,1.59,0.57 9.35 13.67 

3 49 Modified Modified 
front --2 door 3.2 0.75,0.40,0.33,0.29 3.6 5.37 

4 33 Modified Modified 
front --2 door 1.87 0.44,0.16,0.10,0.15 0.849 !.70 

5 16 Modified Modified 
front m2 door 0.11 0.04,0.07,0.02,0.07 0.243 0.44 

Possible safe tolerance loads (kN) 6 1,1,1,1 (7)+ (11) 

* Peaks not at same instants of time and so sums in fifth column only generally indicative. 
+ Human tolerance much below 7 kN, but this value suitable for the rigid dummy used. 
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velocity when it did occur and this coniributed to the later on. The patterns of the load cells (each being 300 
very low dummy loads in these tests (5 and 6). The vehicle mm high and 250 mm wide) are given in Figures 1 and 
roll was less pronounced in the 49 km/h test because of 2. The bottom edge was 200 mm above ground level and 
the increase in structural collapse of the two vehicles and so although car side sills were partially impacted they 
there was little roll before the occupants actually hit the were overridden. The impact was centred on the driver 
interior. It is concluded that the roll in this case had little R point and the barrier width was chosen to avoid the 
influence on the dummy results, main A post and rear wheel arch structures. 

Examination of the vehicles used in Tests 4 and 5 The frontal impact tests were generally similar to those 
showed only very minor damage in Test 5 and for Test into the side except that the barrier was extended sideways 
4 a damage level which would be well within the limit to be 2 m wide with ~wo rows of eight cells each. The 
for economical repair. In both tests the interior door impact was symmetrical and there was little or no loading 
padding was virtually undamaged, of the outer cells, most cars being about 1500 mm wide. 

For both side and front impacts, reduced impact speeds 
were chosen to allow for the fact that the rigid face could 

TESTS OF THE STIFFNESS OF CAR absorb no energy, but it was intended that the impacts 
FRONT AND SIDE STRUCTURES should approximate to 50 km/h impacts into stationary 

cars by a barrier of 1100 kg mass. The front impacts were 
The stiffness patterns of the fronts and door and sill at about 40 km/h and the side impacts about 36 km/h. 

side structures of twelve models of small cars were meas- Typical load cells results are given in Figures 3 and 4 
ured by impacting them with a mobile barrier with a rigid for front and side impacts respectively. One method of 
test face on which were placed a number of load cells, analysis was chosen which was to average the loading of 
The barrier for the front impact was larger than the car each cell over periods of 10 ms starting at 0 to 10 ms 
fronts but the one used in the side impacts was smaller from the beginning of the impact and continuing the 10 
and directly struck only the doors and the B post on each ms intervals until the impact was complete at from about 
car. This size was 1 m wide and 600 mm deep with 70 ms to 130 ms. The highest average loadings for each 
rounded edges to the rigid face and it was flat and was cell over a 10 ms period are plotted in Figures ! and 2 
mounted vertically for the impacts. These facts all con- for all available data for the twelve cars. A few cells 
tributed to the particular sets of values of load measured became overloaded and estimates which are probably 
by the load cells as functions of time during the impacts, fairly accurate have been made of the loads on these cells 
However these values gave useful results as is indicated after the instant of overload. It may be noted that the 
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20O 

Ground level 

Figure 1. Peak forces (for periods of 10ms) at load cells on face of rigid barrier impacting fronts of 12 models of car. 
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Figure 2. Peak forces (for periods of 10ms) at load cells on        ~0~ 

face of rigid barrier impacting sides of 11 models      ~ 
of car.                                  ~ 

final static crusSes of tSe fronts ran~ed from 90 mm to 

3 t 5 mm wit5 most towards tSe 5i~her value. The final 
static ~ntrusions for the side impacts ran~ed from 150 ~ 

mm to 280 mm again with most closer to the higher 
0 ~o 

~ ...... 
~ ,~0 

value, 

Figure 1 illustrates some typical features of the design Figure 4. Forces at 8 load ceils on the faces of a rigid barrier 

of car fronts. At the bumper height the outer of the six 
impacting side of car (B). 

cells record mostly low peak loadings when compared 

with the four inner cells, This is only to a small extent accounted for by the fact that the width of the cars doe~ 

not cover all the two outer cells (for 10 of the 12 cars), 

The inner cells have ve~ variable peak values with some 
designs having a strong structure stretching fo~ard to 

a this region of the front. The upper cells show that the 

~ ~ ~ ~" ta ~"~’ ....... 

outer wings are generally stiffer than the re~on between 

~ ,~ ~ ~ ............ them, but that designs va~ with the upper half providing 

between about one-third to two-thirds of the total impact 

resistance. Although the peak stiffnesses of wings differ 

greatly, there is generally less va~ation in absolute te~s 
for the region between. Another big difference between 

~ one car model and another is that at the pa~icular impact 

~ ~ ~ severity of the test, some cars exhibit little rebound whilst 
~ ~ others have much more. This latter result is presumably 

because components have not quite collapsed at the in- 

stants when the peak loadings are reached. 

Figure 2 illustrates some typical features of the design 

of car sides that may be shown up by this pa~icular type 

of test. At the lower level the over~ding of the sills leads 

to fairly high loads at most cells. In pa~icular, structures 

are stiff just aft of the A posts and less stiff but perhaps 

su~singly unifo~ at the B posts. The stiffnesses are 

~-- usually lower between the outer cell positions at below 
~ ~o ~oo o ~o ~ 

the middle of the front doors. At the upper level the B 

posts give rise to the highest loads in ~1 but one case. 
Fig, 3 Fore, at 121o~cellsonthefaeeofarigidbarrierimpactingfrontofear(F) 

The loadings of the cell just fo~ard of the B post were 

Figure 3, Forces at ~ 2 load cells on the face of a rigid barrier always negligible. The next one fo~ard received variable 

impacting front of car (F). loadings while the fo~ard one close to the A posts re- 
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ceived fairly similar peak loads which were average in in Figures 1 and 2 suggests that the barrier face stiffness 
level. The upper cells recorded between one-third and might be about: 
two-thirds of the total impact and so design is far from 

--20 kN, or rather more at the centre, at the lower ........... uniform in this respect. One feature is particularly evident 
............... and that is the effect of impacting with a rigid faced 

(bumper) level of the barrier (below 500 mm above 

barrier. This does not greatly load up components such 
ground) for each cell of 250 mm width 

--10 kN at the upper level of the barrier (above 500 as the door which are adjacent to stiffer components. A 
mm above ground) for each cel! of 250 mm width. 

deformable face to a test barrier would crush into less 
resisting components until they built up their resistance It would seem from Figure 2 that doors at the sides of 

........... when deformed and then they might possibly collapse, cars might not be strong enough to withstand 10 kN for 
.......... 250 mm width, but these results are using a rigid faced 

PROPOSAL FOR ACHIEVING barrier and a resisting load would build up if the barrier 

COMPATIBILITY face were deformable. 
These suggestions for the stiffness pattern for a de- 

The results presented in Figures 1 and 2 suggest that formable face are very close to the deformable face pro- 
at present there is no general compatibility between front posed by the EEVC group, reference 7, for the fullscale 
and side structures of cars, but the situation may not be side impact tests and so it would be appropriate to use 
so unfortunate as had been predicted by some. It is to be it for the frontal compatibility test as well as for the side 
remembered that the sample of twelve cars does not in- test. This barrier is designed to crumple in six cells, 3 
clude any large cars and only one or two which could be upper and 3 lower, each being 500 mm wide and 250 mm 
regarded as of medium size. It is the larger cars which deep with the division between upper and lower being 

.......... are generally the stiffer as regards nose structures and 500 mm above ground. The mean fully developed yield 
................ they also have additional mass to prolong these impacts, levels are 20.5, 23.5 and 20.5 kN for upper cells and 50.5, 

Impacts into the sides of cars during accidents are not 60 and 50.5 kN for lower cells. Suppose it impacts a car 
usually perpendicular ones directly into the passenger front which is 1500 mm wide and extends from 300 to 
compartments; much more often they have a resultant 700 mm above ground. Then it should exert loadings of 
relative direction just forwards of perpendicular, but 4/5 the full figures, namely, 16.4, 18.8 and 16.4 kN upper 
many other situations arise. The most common impact is and 40.4, 48 and 40.4 kN lower, which are very close to 
car to car although impacts with fixed objects and Heavy the 2 × 10 = 20 kN upper cells and 2 × 20 = 40 kN 
Goods Vehicles do give rise to a large minority of fatal lower cell levels suggested above. 
injury accidents. When the impact is forward to perpen- Check testing is needed to show that car side structures 
dicular it is the wing of the striking car and the lower can be designed to withstand impact from the deformable 
structure beneath it which strikes the car door, biting into barrier under consideration without much inwards col- 

....... it and causing injury by intrusion and by excessive load, lapse of the side structure and doors. If it is assumed that 
ings through the door panels, the car side does not crush but that the barrier face crushes 

The proposal postulates that injury would be reduced C (mm), then C = m M u2![2k(m + M)] where the 
if car front structures were weaker than the side structures barrier is mass m and the car mass M, the barrier crushes 
of all the other models that they might impact. This could at k (Newtons) and the initial barrier speed is u (m/s) 
be achieved if mobile barrier tests were set up in which with the car at rest. C = 236 mm (equivalent full stiffness 
the barrier face was to be stiffer than the front structures crush depth) for a car and barrier both of 1100 kg, an 
of cars but the same face was to be weaker than the impact speed of 50 km/h and a barrier contact extending 
structures at the sides of the passenger compartments of from 250 to 750 mm above ground with a crumpling 
cars. The selection of a suitable design of barrier face is resistance of 225 kN. In these circumstances it may be 
one aim of the analysis of the tests now being reported, reasonable to require that the average crush of the barrier 
They show how designs are at present. From these results be above two-thirds of this (say at least 160 to 200 mm) 
it is possible to suggest a suitable barrier face design for and that the barrier crush adjacent to the front and rear 
future tests. A further consideration is to consider cars dummies should exceed a half of the total (120 to 150 
not as they are today but as they should be later this ram). To these crush depths must be added an allowance 
century if weight savings in pursuit of energy savings are for the weaker nose section of the EEVC barrier. Sup- 
to be achieved. Although there might be a weight saving posing that the frontal stiffness of the same car is checked 
to cars if the stiffness of the test barrier face is reduced, by a frontal test with a contact area from 300 to 700 mm 
this is counteracted by the fact that front and side crush above ground, then the crumpling resistance would be 
depths would increase somewhat for a given speed of 180 kN and the equivalent full stiffness crush depth would 
impact and so car front structures would have to be be C = 295 mm. The car front should crumple most and 
slightly greater in depth, it might be appropriate to require the ful! stiffness part 

Consideration of these matters in relation to the data of the barrier to crumple no more than say one-third or 
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100 mm on average. This depth of crush should not be ACKNOWLEDGEMENT 
exceeded opposite the wings of the car. 
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Side Collision 
Tests and Simulations 

E. FRANCHINI As far as the structural behaviour is concerned we have 

Former Director of FIAT Safety Center chiefly considered deformations inside the occupant com- 

partment, that is, intrusions. These are characterized by 

ABSTRACT 
three factors (Fig. 1): 

"How", that is, the intrusions involving a large side 

The results Fiat obtained in the wide area of compat- area or concentrated in a limited area. 

ibility were presented at the 7th ESV Conference. In the "How much", that is, the extent of penetration 

present research the following tests have been carried out: which, if deep, can crush the occupants. 

"How fast", that is, at which velocity the wall is 
No. 9 car-to-car side collisions and No. 9 moving moving; if the velocity is low, the result is a push 
barrier-to-car side collisions, only, at high velocity the result is an impact. 

--A methodology has been developed for evaluating 
car and occupant behaviour in side collisions. The impacted car is equipped with transversal sliding 

--Mathematical models for the use of the methodology tubes, instrumented in such a way as to give dynamic 

have been developed, and static values for wall intrusion, acceleration and ve- 

--The methodology has been used in side collision locity (Fig. 2). 

situations and experimental results have been com- 

pared to simulation results. 

The results are considered to be in accordance with 

expectations. 

The simulation cannot be better than the scatter of 

experimental data. 

It is important to point out that the methodology re- 

quires more reliable dummies and more reliable tolerance 

criteria. 

INTRODUCTION 

On the basis of the studies we presented at the Pads 

ESV Conference in 1979 a further research effort has 

been conducted in the context of a biomechanics program 

sponsored by the Commission of European Community. 

It is divided into the following parts: 
Figure 1. Structural behavior. 

IPart 1: Car-to-car collisions 

Part 2: Moving barrier-to-car collisions 

--Part 3: Methodology 

PART 1: CAR-TO-CAR COLLISIONS 

The tests have been carded out under the following 

conditions: 

perpendicular side collision 

50 km/h velocity 

stationary impacted car 

--impact point in correspondence of driver’s R point 

--two dummies, both on impacted side (with the ex- 

ception of the minicompact that has been tested with 

the driver-dummy only). Figure 2. Transversal sliding tubes. 
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As far as the durnmy is concerned the following values In the second set of tests the subcompact is impacted 

are given (Fig. 3). It is worth stressing that present dum- by the minicompact, then by an identical car and next 

mies must be improved, particularly in side collisions and by the compact. The permanent intrusions are shown in 

their limitations must be kept in mind when considering Figure 6. 

the values they yield. The intrusions involve the B pillar area. The comments 

Three Fiat car models, having different dimensions and made above apply again in this case. It is worth stressing 

weight, have been selected, namely (Fig. 4): that the intrusion is higher on this model than on the 

w!26, minicompact 
minicompact. 

In the third set of tests the compact is impacted by the 
--128, subcompact minicompact, then by the subcompact and next by an 
--132, compact identical car. The permanent intrusions are shown in 
Nine tests have been carded out, launching each model Figure 7. 

against the side of the others. On this model the maximum value is generally a little 
In the first set of tests the minicompact is impacted by below R point and somewhat backward the B pillar. 

an identical car, then by the subcompact and next by the 

compact. The permanent intrusions are shown in Figure 
5. The maximum value lies at R point height, but, as the 
impacting car is changed, both the vertical section and , 

the amount charge. 
IMPACTED BY AN IDENTICAL CAR 

IMPACTED    BY    THE SUBCOMPACT 

Figure 3. Dummy behavior. 

IMPACTED    BY THE    COMPACT 

Figure 5. Intrusions in the minicompact impacted by the 

Figure 4. Car models, three models. 
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Velocity being equal, the intrusion extent depends on Now the values recorded on the two dummies onboard 
the aggressivity of the impacting car. By way of example the subcompact, impacted by the three models, are shown 
note that it is the subcompact that always produces the in Figure 9. 
maximum intrusions, while the minimum intrusions occur The conditions for the driver dummy are similar to the 
on the minicompact, previous ones and the values recorded on this model and 

Now let’s see the values recorded on the Hybrid II the previous model can be almost superimposed. For the 
dummy onboard the minicompact impacted by the three rear passenger dummy (nearside) the values are lower 
models (Fig. 8). than those for the driver dummy as far as the pelvis and 

The most stressed part is the pelvis, next the chest chest are concerned while the head values are higher. 

and then the head. At the end the values recorded on the two dummies 

--When this car is impacted by an identical car, the onboard the compact, impacted by the three models, are 

values are the lowest, while, when impacted by shown in Fig.ure 10. 
the subcompact (the most aggressive), the values are The comments are the same as made on the impacted 
the highest, subcompact. 

IMPACTED BY THE MINICOMPACT IMPACTED BY THE MINICOMPACT 

IMPACTED BY AN IDENTICAL CAR IMPACTED    BY    THE SUBCOMPACT 

IMPACTED    BY THE    COMPACT IMPACTED BY AN    IDENTICAL CAR 

Figure 6. Intrusions in the subcompact impacted by the three    Figure 7. Intrusions in the compact impacted by the three 
models,                                              models. 
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$1 S! 

IMPACTED I~1~ AN IDENTICAL CAR ~ IMPACTED BY THE MINICOMPACT 

IMPACTED BY THE SUBCOMPACT ~ IMPACTED BY AN IDENTICAL CAR 

IMPACTED BY THE COMPACT ~ IMPACTED BY THE COMPACT 

Figure 8. Dummy values on the minicompact impacted by    Figure 9. Dummies values on the subcompact impacted by 
the three models:                                    the three models. 
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PART 2: MOVING BARRIER-TO-CAR- Thirty-six honeycomb modules are fixed to the front 

COLLISIONS face (Fig. 12). 

By means of load cells, each supporting a honeycomb 

The tests have been conducted by means of the moving module, and by means of potentiometers, whose string 

barrier we described in the previous ESV Conferences. passes through dynamometric cell and module (Fig. 13), 

The Figure 11 shows the size of Fiat’s moving barrier; it is possible to detect the load distribution and defor- 

its weight can be varied from 900 to 2000 kg. mation patterns during the collisions. 

The car models and test conditions are the same as car- 

to-car collision tests. Each of the three models has been 
laterally impacted by the moving barrier at 40, 50 and 

60 km/h velocity. As a whole, nine tests have been carried 

out. 

In Figure 14 a comparison is shown of the intrusions 

--i~ ! ~~~locities.rec°rded °n the minic°mpact impacted at the three ve" As expected the extent of intrusion increases as the 

impact velocity is increased but the area of maximum 

intrusion is not always the same. It should be noted that, 

due to the short wheelbase of this car, the wheels are 

involved in the contact with the moving barrier. 

N,C 

~ 

1230 

~Ao ....... 
MOVING BARRIER STRUCTURAL CONFIGURATION 

Figure 11. Moving barrier structural, 

$1 

MOVING BARRIER FACE LOOKING AFT 
~LV/S -- 

~ IMPACTED BY THE MINICOMPACT 

B ~700 ~ IMPACTED BY THE SUBCOMPACT 

IMPACTED BY AN IDENTICAL CAR 7 2 3 4 5 6 7 8 9 ~170 

~ LEVEL 

Figure 10. Dummies values on the compact impacted by the 
three models. Figure 12. Moving barrier face configuration. 
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Now let’s see in Figure 15 the intrusions in the sub- 
TYPICAL INSTRUMENTATION MODULE compact impacted at the three velocities. 

The pattern of intrusions and location of maximum 
values are in good agreement with the results from car- 
to-car tests. Here again, the subcompact results to be the 

most deformable of all the models. 
Figure 16 shows the moving barrier close to the sub- 

compact before the test at 60 km/h. 
I FRONT 
I BARRIER The distribution of local stiffness is highlighted by the 

I BEAM impression on the honeycomb elements after the test (Fig. 

\ 17). The pillar’s and lower sill’s impressions are clearly 
AL UIHINIUM 

~ PLATE "~ALUMINIUM recognizable. 
STRING IHONEYCOMB Figure 18 shows the values of loads, measured on the POTEN770METER 

LOAD CELL moving barrier in the collision at 60 km/h against the 
VIEW LOOKING OOW’N INTERFACE) 

subcompact at 15, 30, 45, 60 milliseconds. 

Figure 13~ Typical instrumentation module. 

IMPACTED AT 40 km/h IMPACTED AT 40 km/h 

IMPACTED AT 50 km/h IMPACTED AT 50 km/h 

IMPACTED AT 60 kmtfh /MPACI-ED AT 60 km,/h 

Figure 14. Intrusions in the minicompact impacted at the    Figure 15. Intrusion in the subcompacted at the three ve- 
three velocities.                                     Iocities. 
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30 ms 

//" II \ \\ 
,9~’/ I! 

\ \N 

F~ure ~ 6. The movin~ barrier shown close to tha subcom- 
pact before the test. 

45 ms 

60 ms 

Figure 17. Impression on the honeycomb elements (sub- / / / ~ l 
compact impacted at 60 km/h). ~ // ~ 

It’s evident that the forces involved essentially the pil- 
lars and the lower sill. Thus, a "negative" of the struck 

I + I car’s local stiffnesses and their evaluation during impact 
are obtained, x. , ~ 

The intrusions on the compact, impacted at the three 
velocities, are compared in Figure 19. 

~iguro 18. Loads measured on the movin~ barrier in the 
Also for the intrusions measured on the compact the 

collision at 60 km/h a~ainst the 
comments previously made on the subcompact are valid. 
The intrusion amount on the compact is a little lower 
than that measured on the subcompact, which results to In Figure 21 there are the values of the dummies installed 
be the most defo~able, in the subcompact impacted. 

Now we’ll ~ee in Figure 20 the data recorded on the 
~Again, the values increase a~ the impact velochy 

dummy in the minicompact impacted, 
increased. 

~As expected, all the values increase as the impact ~The most stressed pa~ of both dummies ~s the pelvis, 
velocity is increased, just as with the models previously tested. 

~The most stressed pa~ is the pelvis, next the chest ~The values on the rear passenger dummy are always 
and then the head, which confi~s the results from lower than those for the driver dummy, which c~r- 
car-to-car tests, roborates car-to-car tests~ 

433 



EXPERIMENTAL SAFETY VEHICLES 

The values on the compacts’ dummies are shown in Figure --The evaluation is the less reliable the more the char- 

22. acteristics of the tested car differ from those of the 

These general considerations are confirmed: 
simulated average model° 

--The average model varies from country to country 
--The most stressed part is the pelvis, next the chest and varies in the course of time, so several versions 

and then the head. of barrier are needed. 
The rear passenger is always less stressed than the --The evaluation is of "pass/fail" type only. 
driver. 

The barrier we have developed makes it possible not 
only to compare the test results and the allowable values, 

PART 3: METHODOLOGY but, through the use of mathematical models, a quanti, 

tative evaluation of compatibility for cars of different 
A deformable moving barrier is used to simulate an types could be obtained. Moreover it doesn’t have the 

impacting car. A side collision test against the car under limitations mentioned above. The methodology we pre- 
consideration is carried out and the values obtained are sented at the previous ESV Conferences uses the results 
compared with the allowable limits. The barrier can sim- from moving barrier-to-car tests as input to Program A 
ulate an average model, but with the following limitations: (Fig. 23), to calculate the force-deflection relationship for 

IMPACTED AT    40 km/’h 

~ IMPACTED AT 40 krn/h 

~ IMPACTED AT 50 km/h 

~ IMPACTED AT 60 km/h 

Figure 19. intrusion in the compact impacted at the three 
velocities. Figure 20, Dummy values in the minicompact. 
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IMPACTED AT 40 km/h ~ IMPACTED AT 40 km/h 

IMPACTEO AT 50 km/h ~ IMPACTED AT 50 kn~/h 

IMPACTED AT 60 km/h ~ 
~ IMPACTED AT 60 ~m/h 

Figure 21. Dummies values in the subcompact. Figure 22. Dummies values in the compact. 

the crushable elements of the mathematical model of the and without crush rate effect, in collision at 60, 50 and 
car. 40 km!h. The influence of crush rate effect is consider- 

The side model for the minicompact (Fig. 24) consists able. 
of lumped masses, representing the most significant parts The computer program ROM (Restrained Occupant 
of the car, and non-linear elastic elements connecting Model) allows the occupant response to be obtained (Fig. 
these masses. 23) through the use of the mathematical mode! shown in 

For the subcompact and the compact (Fig. 25) the the Figure 27. It is made up of 1 ! lumped masses rep- 
model is conceptually similar; here also the rear door and resenting the most significant body elements. There are 
the rear passenger dummy are represented. 10joints, whose resistance depends on the user’s selection 

The use of Program B (Fig. 23) allows the car’s struc- of occupant, either human or dummy. 
tural response to be obtained at a given collision velocity. 

The external forces which are simulated are those gen- 
To evaluate the belaaviour at different velocities the 

erated by the impact surfaces, restraint system, seat and 
sensitivity of force/deflection characteristic at the deflec- 

floor (Fig. 28). 
tion speed, i.e., the crush rate effect, has been introduced. 

The methodology provides information on structural By way of example, a comparison in Figure 26 is shown 
between the values experimentally measured on the com- behaviour, namely: 

pact and the values obtained through simulations, with --maximal mutual crush 
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--velocity changes of moving barrier and impact car c- mLLAR MOV, UG 

--time histories of acceleration, velocity and displace- nEAR -- 

ment, in several areas of the impacted car 

and information on occupant behaviour, namely: 

--time histories of acceleration, velocity and position, 

for each body element 

--impact (if any) between body elements and contact 

:surfaces, and their time of occurrence 

--resultant acceleration for head, chest and pelvis 

--Head Injury Criterion and Chest Severity Index ~INTERFA¢~ 
--femur loads SUBCOMPACT 

and COMPACT 
PILLAR 

--belt loads. MODEL DOOR 

i MOVIt~G BARRIER-TO-CAR Figure 25. Side model for the subcompact and compact. 
COLLISION TEST 

! 
50 km/h     4~               40 km/h CAR STRUCTURAL                                60 km/h 

CHARACTERISTICS 

MODEL OF CAR                                                         ==                             :" 

COMPUTER PROGRAM B 

CAR STRUCTURAL 

RESPONSE 

Figure 26. Crush rate effect. 

COMPUTER PROGRAM ROM! OCC~NT 

RESPONSE 

Figure 23. Methodology. 

,,. ELEMENT 

MASS CENTER 

MlltltCOM~7                                                                                                                                                ~              0 JOINT 
MODEL                                ~ DO0~ 

Figure 24. Side model for the minicompact. Figure 27. Occupant model. 
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The methodology validation has been carried out by com- from tests and simulation (Fig. 30). Near, there are the 
paring the values from the nine tests, moving barrier-to- experimental and simulated results plotting the intrusion 
car, with the simulated values. Due to the volume of data history for the same location. 
generated, a detailed comment of each is felt to be beyond In the same way, in Figure 31 the comparison is shown 
the scope of this presentation. As an example only, some of the velocity of the rear door’s lower panel. Near, the 
comparisons are presented between experimental and sim- intrusion in such area is plotted. 
ulated values for the moving barrier-to-compact car col- 
lision at 60 km/h. 

For the structural behaviour, Figure 29 shows the ve- 
........ locity pattern of the moving barrier and the occupant "~., ELOCITY~ l~m/h 

compartment area of the compact car, as obtained from 
Ioo REAR DOOR ~ TEST RESULTS 

experimental testing and simulation. UPPER PANEL ¯ ® ® ~. SIMULATED 
Superimposed on the diagram of Figure 29 is the ve- 

locity pattern of the rear door’s upper panel, obtained 

T~ME, ms 

i ~ ,.PACT FORCES Figure 30. Rear door’s upper panel velocity and intrusion. 
R~ RESTRAI,T SYSTEM 

FORCES 

.......... ~r_ 
s~==~ s~,, ~o.c,s VELOCITY, km/h 

.......... F ~ FLOOR FORCES 

]l[F.l~ 
100 REAR DOOR 

~TEST RESULTS 

LOWER PANEL 
==~=,SIMULATED 

Figure 28. E~ernal forces on dummy. 

VELOCITY, km/h 

~ ~TEST RESULTS 
1~o, OCCUPANT COMPAR~ 

¯ ¯ ¯ = SIMULATED 
lOO                    -- --TEST RESULTS           INTRUS~N~ cm 

lOVING BARRIER 
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Figure 29. Moving barrier and occupant compa~ment ve- 
Figur~ 31. Rear door’s lower panel veloci~ and i~t~sion. 
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Figure 32. Driver dummy’s head, chest and pelvis accelerations. 

Figure 33. Occupant kinematics, 
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For the occupant behaviour, the figure compares the bEvaluation of structural and occupant behaviour for 
acceleration values for head, chest and pelvis of driver the impacted car as well as the impacting car. 
dummy, as obtained through tests and simulation. 

--By simulating increasing collision velocity, identifi- 
The kinematics of the occupant model is plotted at rate 

cation of the velocity at which the allowable limits 
of 10 milliseconds in comparison of the sequence of a car- are reached by one car or by both cars, i.e., the 
to-car test, drawn from a high-speed film, which, at rate 

quantitative evaluation of compatibility of this pair 
of 10 milliseconds, shows the motion of dummy’s head 

of cars. 
and chest with respect to the occupant compartment. The 
kinematics is very similar. --By extending the analysis to more models, it is pos- 

The results of validation, for both the structural be- sible to evaluate the compatibility between different 

haviour and occupant behaviour, can be considered to be models of a fleet and to considerably reduce the 

in accordance with expectations. The methodology al- number of tests that would be necessary. 

lows: 
The simulation cannot be better than the scatter of ex- 

---Comparison of the values measured in moving bar- perimental data. The use of reliable dummies and reliable 
tier-to-car test, at a given velocity, with the allowable tolerance criteria is of paramount importance. 
limits. 

Volvo Traffic Accident Research System as a Tool for Side impact 
Protection Evaluation and Development 

HANS NORIN, ANNA NILSSON-EHLE, 
CHRISTER GUSTAFSSON 

Volvo Automotive Safety Centre 
Volvo Car Corporation 

ABSTRACT INTRODUCTION 

In this report Volvo Traffic Accident Research System The demands that are made on a modern car are 
is described. Volvo has a combination of multidisciplinary prehensive. This applies, not least, to the aspects of design 
and statistical investigation which gives a representative that are intended to protect the occupants in case of a 
picture of the traffic accident situation and also gives a road accident. The requirements placed on the car man- 
deep insight into parameters that influence the occupant ufacturer are controlled to some extent by current leg- 
injury-production, islations. Reproducible test methods in laboratories 

This accident material, which covers about 12.000 of represent only a certain number of specific collision sit- 
the most severe Volvo accidents, in Sweden, has been the uations which agree, more or less, with the actual accident 
basis for an analysis of the side impact problem area. situations that arise on the road. 

The traffic environment as experienced by the Volvo 
In order to achieve designs which give the optimum 

car, in terms of accident type distribution, obstacles, etc., 
possible protective effect, it is essential to obtain infor- 

is compared with corresponding data in other accident 
marion on what actually happens in a road accident, in 

materials, relation to the car design, including information on the 
Conclusions from this comparison and analysis of the 

injuries caused to the occupants of the car. 
distribution of different types of injuries, are used to de- 
termine important side impact parameters. These param- Consequently, we decided to carry out special accident 

eters indicate the test methods that should be used to give research in parallel with the normal laboratory collision 

a good simulation of the real traffic environment, testing. The knowledge gained in this way can be related, 

The need of subsystem testing as a complement to full- in the laboratory, to the car design. 

scale testing is discussed with the complex traffic envi- In this report, Volvo Traffic Accident Research work 
ronment as background, is described and applicated at the side impact problem. 
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VOLVO TRAFFIC ACCIDENT RESEARCH 
SYSTEM QUALITY 

The main task of the Accident Research System is to 
collect information on what happens to a car and its 
occupants in a trat~c accident. In order to maintain the 
quality of this work at as high level as possible, we have 
divided up our activities into two main fields. (See Fig. 

1.) 

QUANTITY 

Multidisciplinary Accident Investigation 
Figure 2. Multidisciplinary accident investigation. 

The rnultidisciplinary Accident Investigation Group 
studies approximately leg) road accidents each year. These 
are investigations in depth which means a thorough tech- den, but also includes other countries, if accidents occur 

nical examination of the car (see Figure 2) together with which we consider to be of particular interest. We obtain 

a cIose analysis of the occupant injuries that occurred, information on these accidents from the police, the Na- 

Specially trained technicians are responsible for the ve- tional Swedish Road Safety Office, the Insurance Com- 

hicle examination, while the analysis of injuries is carried panics and our own Service organisation. All have been 

out by a doctor who is associated with the Group. In informed on the type and severity of accident in which 

addition, records are kept of the traffic situation at the we are interested. This gives us wide flexibility; our areas 

time of the accident. This helps us to obtain an under- of interest, naturally, change from time to time. 

standing of the effect of the traffic environment on the 
accident and its consequences. 

The multidisciplinary Accident Investigation Group Statistical Investigation 
operates in two zones--local and distant. The local zone 
covers a geographical area within one hour’s driving time Our collection of accident statistics differs from the 

t¥om our office in Gothenburg. At the scene of the ac- work of the multidisciplinary Accident, since these sta- 

cident, we document the traffic situation by means of tistics cover a large number of accidents in which Volvo 

photographs, measurements, interviews with the police, cars are involved. This activity isnot regarded as a deep 

rescue personnel, etc. An examination of the vehicle is study of the design of the car. (See Fig. 3.) 

carried out and this is later supplemented by more detailed Our association with our own Insurance Company, 

and extensive investigation after the vehicle has been Volvia, gives us a unique opportunity of following up 

transported to a workshop, accidents to Volvo cars. At present about 400.000 Volvo 

We obtain the information that a road accident in- cars are insured by Volvia and, of these, approximately 

volving a Volvo car has occurred, through our co-oper- 45.000 are involved in an accident of some kind each 

aticm with the police, the rescue services and the regional year. From amongst these accidents we select about 2.000 

SOS alarm centre. There is always one member of our of the more serious accidents. (See Fig. 4.) 

group in readiness to visit the site of an accident, all 
round the clock. 

The distant zone consists primarily of the rest of Swe- 

QUALITY 

VOLVO TRAFFIC ACCIDENT RESEARCH I 

ACCIDENT ACCIDENT 
INVESTIGATION INVESTIGATION 

QUANTITY 

Figure 1. Volvo traffic accident research. Figure 3. Statistical investigation. 
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In this way we gather information on all the serious the deformation of the car and this is then coded, using 
accidents involving Volvo cars in Sweden. So far we have the International CDC System (1). 

gathered statistics on 12.000 serious accidents. We also send a questionnaire to the owner of the car 
Through the co-operation of the Volvia Damage In- asking for information on how the accident occurred, how 

spectors we obtain photographs of the cars damaged in many passengers were in the car, etc. This questionnaire 
all of these accidents. From the photographs, we assess form is then supplemented by the police reports and the 

medical reports from the hospital which treated the in- 

jured. The injury reports are analyzed by our doctor who 

codes this information, using the International AIS Sys- 
tem (2). All the information concerning the accident is 

ACCIDENT -* ~ 
SEVERITY processed and stored using a special computer program; 

TSEVERE it can then be used in various types of accident analysis 
IDENTS work. The information routes are shown in Figure 5. 

Combination and Use of Accident Investiga- 
tions 

This combination of multidisciplinary and statistical 

............ Figure 4. Selection of serious accidents, accident investigation gives a deep insight into the crash 

......... behaviour of our vehicles and also a possibility to obtain 

a representative picture of the whole traffic accident prob- 

lem area. (See Figure 6.) 
An example from this work is described in the following 

ACCIDENT example. 

We discovered from study of accidents carried out by 

the multidisciplinary Accident Investigation Group that 

the steering wheel in our cars deformed in a front impact 

accident in such a way that drivers who were not wearing 

a seat belt received typical chest injuries on impact with 

the wheel. The wheel, nevertheless, ffltfilled all the current 

legal requirements. To find out if this type of injul~" was 

CODING AND common in this particular type of accident, we carried 

COMPUTER STORAGE out an analysis of our extensive accident statistics. The 

result from this analysis showed that this typical chest 

Figure 5. Data collection, accident statistics, injury was more common than we had previously thought. 

We contacted the designers involved and discussed with 
them various proposals for improvements in design of the 

steering wheel. The result was a completely new type of 
steering wheel, designed with a large impact area so that 
the force of impact would be spread out over a wider 

area of the rib cage. We then followed up accidents to 

cars fitted with the new wheel and we were able to show 

that in accident situations similar to those studied pre- 

viously, this typical chest injury had been eliminated. 

~ICAI~INTIyCAL                            
eration in setting standards for collision safety in future 

In the above example, we have described how our trat~c 

investigation work can provide direct feedback of infor- 

mation to the Design Department. 
Another important aspect of our work, is our co-op- 

products. The knowledge which is being continually built 
QUANTITY up by the members of the Group, on traffic accidents and 

associated problems, is used in setting standards which 

Figure 6. Combination of multidisciplinary and statistical ac- are as appropriate as possible to the actual traffic envi- 

cident investigation, ronment. This work can be described (3) as follows: 
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TRAFFIC ENVIRONMENT 

TRAFFIC ACCIDENT RESEARCH 

~lTheknowledgegainedfromtrafficaccidentresearch 

is used in est~bfishing the requirements for the sa~et~ 
PRODUCTION properties of a car. 

DEVELOPMENT 
CRASH TESTING 

TRAFFIC ENVIRONMENT 
TRAFFIC ACCIDENT RESEARCH 

i,,~ ~\\ ~ These requirements then provide the basis for the work 
of design and development. Collision tests form a part 
of this work and the experience gained by traffic ac- 

REQUIREMENT cident research is utilized. PRODUCTION                       CRASH SAFETY 

TRAFFIC ENVIRONMENT ,~’~ Later the car is produced and sold to the customers. 
TRAFFIC ACCIDENT RESEARCH 

~ 
This means that it begins to be exposed to actual traffic 

~ 
environments. We can now follow up the road acci- 
dents in which our car is involved, and so obtain in- 

REQUIREMENT formation on how well we have succeeded in suiting 
CRASH SAFETY our car to the actual traffic environment. 

DEVELOPMENT ~ 
CRASH TESTING 

ACCIDENT STATISTICS be governed by the practical possibility of reaching the 
sites of accidents, for example, accidents occurring on a 

During the past decades, large numbers of road acci- particular section of motorway, or in a particular town 

der~t statistics have been presented in many parts of the or district. 

world. The statistics are, in many cases, contradictory When accident statistics are being analysed, it is im- 

and Dve a confused picture to those who try to use them. portant that information should be available as to how 

The reason why particular aspects, e.g., side impact the accidents included in the statistical material were 

accidents, appear to give very different results depends selected. Thus it is possible to avoid use of the accident 

on a number of factors. One of the most important of information in a manner which the author had not in- 

these is the manner in which accident information is tended. 

gathered. This in its turn is often determined by the A large number of traffic accident research workers 

opportunities that are available for obtaining the accident have presented results and summaries of accident inves- 

information, tigations on side impact collisions. 

For example, a medical specialist, interested in traffic The following is an attempt to analyse the Volvo ac- 

injuries, may select only those accident cases which arrive cident statistics systematically, so that the different types 

at this clinic. Research workers with alcohol and drugs of side impact collision can be quantified, with respect to 
as their main field of interest may, perhaps, guide the the nature and severity of the injuries caused. 

statistics so that they include accidents in which these In the previous section we described how the accident 

factors are relevant. The selection of accidents may also data are collected. The information used here is from the 
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Volvo Accident Statistics gathered during the years 1974- different types of accidents right down to such a level 
1979. that assessment of each individual injury is as certain as 

This information covers all the serious accidents (from possible. 
the point of view of vehicle deformation) that occurred The accidents shown in the upper part of Table 1 as 
to Volvo 140 and 240 cars, in Sweden, during the above side collisions, include the accidents where the significant 
mentioned years, deformation was applied to the side of the vehicle. 

Complete documentation is available for each accident, In addition to the accidents regarded in the Volvo 
giving vehicle deformation, information on occupants and accident classification as side collisions, there are also 
their injuries and a description of the environmental con- sideswipe accidents and certain offset accidents. 
ditions and the sequence of the accident. In Table 2 below, these have been extracted from the 

The basic data used for this analysis covered 12.000 total number of accidents. 
accidents. Accidents in which any of the occupants of We see from Table 2 that about one third of the ac- 
the vehicle received injuries AIS 2 have been selected cidents with injuries AIS > 2, and AIS > 4 are accidents 
from this total, which are often called side collisions. 

The accidents to Volvo cars have been divided up into A corresponding proportion of side collisions is Te- 
a number of different types. These are shown in Table 1. ported in many other investigations (4). 
The table also shows the proportion of each type of ac- Sideswipe I accidents are those in which the vehicle is 
eident where the maximum injury level in the car was hit in front of the A-pillar, with deformation of the A- 
AIS _> 2 and AIS _> 4. pillar and of the floor/bulkhead. This type of accident 

An attempt has been made, in Table 1, to arrange the which, to some extent, is comparable with the severe 
Volvo accidents according to their "traditional" type. Offset I accident, should not be regarded as a side col- 

In most presented accident materials "front impacts" lision, nor analysed statistically together with other side 
stands for more than fifty percent of all accidents, collisions. 

"Multiple accidents" and "other accident" form nor- The same applies to Sideswipe II accidents. According 
mally a low proportion, to our definition, these accidents are those in which the 

In our material (see Table 1) "front impacts" stands impact on the side is at an angle of less than 30° to the 
for less than forty percent. It may be thought that frontal longitudinal line of the vehicle. 
collisions form a low proportion of the total, whilst mul- The nature of both the vehicle deformation and the 
tiple accidents and "Other" form a high proportion. There occupant injuries differs between Sideswipe I and Side- 
is however considerable deformation of the front of the swipe II accidents. 
car in accidents involving big animals, driving under Sideswipe accidents are not included in the following 
trucks and in most multiple accidents, or in accidents analyses. 
caused by running off the road. It is believed that, in 
many statistical summaries, a large proportion of these 
accidents are classified as frontal collisions. Impact Area 

Analysis of the consequences of personal injury nor- 
mally requires a relatively complete separation of the Based on the discussion in the previous section the 

analyses will now include only the accidents in which the 
impact takes place on the left or right side of the vehicle. 

Table 1. Distribution of accidents types for accident with as shown in Figure 7. 

maximum injury level AIS 2-6 and AIS 4-6. 

Table 2. Accident where the significant deformation is ap- 
plied to the side of the vehicle. 

~,FRONT IMPACT 27.0 

FRONT IMPACT / ~,OFFSETI 4.8 

--*OFFSET. 3.0 AIS A~S ~SIDESWIPE I 4.2 

~SIDESWIPE II 1.9 1/3 2=~ 4--6 SIDE IMPACT ~IMPACT L, SIDE 
13.4 

~ IMPACT R. SIDE 10,0 
.~. ~.o,~cr    ..~. ~.o ~cr ~.~ Sideswipe ! 4.2 % 5.2 % 
ROLLOVER ...... ~ROLLOVER 10.8 

~ ~-~ov~.ru..,.~ o,~ Sideswi~ II 1.9 % 2.2 % ~MULT 
MULTIPLE ACCIDENT           . IMPACTS              5.1 ~,..~cvs..~.o.~, ~.= Left side 13.4 % 13.0 % 

_-~ RUN OFF ROAD 5.3 

o~.~. <~ ’~-~    . u.~. ~.uc~ o.~ Right side 10.0 % 11.8 % 
............ -~ BIG ANIMAL 2.6 

,ooo~o Total 29.5 % 32.2 % 
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Location of Occupants 

The extent and type of occupant injuries caused by side 
impact collisions with the occupant compartment, vary 
according to where the occupant was sitting in the car. 

If we compare the risk of injury to near-side occupants 
with that of off-side occupants, during side impact col- 
lisions against the occupant compartment, we see that the 
risk of injury, both > AIS 2 and _> AIS 4, is approxi- 
mately twice as great for those on the near-side. (See 
Table 4.) 

We will now further concentrate our attention on the 
near-side occupants of the vehicle, but before this let us 
devote a few lines to the off-side occupants. 

The frequency of different types of injuries (chest, head, 
etc.) to the off-side occupants differs from that for the 
near-side occupants. The occupants of the off-side are not 
affected as much by the vertical extent of the deformation. 
On the other hand, the extent of inward buckling is sig- 
nificant for the risk of injury to the off-side occupants. 
In most of the cases in which off-side occupants received 
serious or fatal injuries, the victim was thrown out of the 
car. For these, as for other car users, the seat belt has an 
obvious beneficial effect. 

Comparison of the frequency of injuries to off-side oc- 
Figure 7. Impact area. cupants, wearing belts and not wearing belts (not includ- 

ing persons thrown out of the car), shows an injury- 

We can divide up these accidents into three different reducing effect of the wearing of belts. Corresponding 

cases, according to the location of the deformation, 
comparisons for near-side occupants do not show any 

If we now consider these accident situations with ref- 
significant effect from use of the seat belts. 

erence to the frequency of the personal injuries, we find, 
Now, let us return to discussion of the near-side oc- 

as shown in Table 3 that the accidents in which there 
cupants of the car. 

Figure 8 shows the extent of the risk to various parts 
was significant deformation of the occupant compartment 
constitutes 73% of the accidents _> AIS 2 and 100% of 

of the body in the case of near-side occupants with injuries 

the accidents _> AIS 4. 
_> AIS 2. 

We can see from this figure that amongst the occupants 
In most of the side impact collisions, where the impact with AIS > 2 61% had chest injuries and 39% had head 

takes place in front of, or behind the occupant compart- 
injuries, of severity > AIS 2. 

ment, the risk of severe injury is small. - 
From Table 5 we can see that injuries of severity AIS 

It is clear, however, that collisions with the occupant 
compartment are those which, from the point of view of 

_ 2 in our statistics, consist of 34% chest, and 22% 
head injuries. We can see that there is a change in the 

occupant injuries, should be given priority in development 
of better side impact properties. Only this type of accident 

proportions between the parts of the body as severity 

is dealt with in the following analysis. 

Table 4. Injury frequency for near-side and offside occupant 
Table 3. Location of deformation vs. injury" severity, for different injury levels. 

A~S AIS AiS A|S 
2-6 4-6 2 -6 4-6 

DEFORMAT|ON OF 
OCCUPANT COMPARTMENT 73% 100% NEAR-SIDE 

OCCUPANT 28,0% 10,4% 
DEFORMATION OUTSIDE 
OCCUPANT COMPARTMENT 27% 0% OFF-SIDE 

100% 100%o OCCUPANT 15,2% 4,5% 
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Table 6. Frequency of injury, according to parts of body, 
% AIS-2-6 and collision object, for near-side occu- 

61 pants with max injury AIS _> 2. 

Parts of body Car Truck Pole/tree 

39 41 Head 21% 56 % 56 % 
~ " Chest 63 % 72 % 33 % 

Abdomen 21% 28 % - 
Pelvis 13 % 28 % 11% 

~20 18 Extremities 29 % 39 % 78 % 

...........t I l ! 
Chest + head 8 % 39 % 11% 
Abdomen, due to chest 17 % 17 % - 

Head Chest Ab- Pelvis Extremi- 
domen ties We see that 21% of the near-side occupants who were 

........... injured (AIS > 2) in accidents in which a car was the 
Figure 8. Frequency of injury to various parts of the body object of impact received head injuries, compared with 

AIS _> 2, for near-side occupants with max injuries 56% of near-side occupants with injuries AIS _> 2, in 
_> 2. accidents where the object of impact was a truck. 

In car and truck accidents, 63% and 72% respectively 
of the near-side occupants (AIS > 2) received chest in- 

increases, but this is the result, to some extent, of the juries, whilst only 33% of the accidents in which there 
character of the AIS scale (2). 

was collision with a pole, caused injuries of this type. In 
The part of the body which has the highest frequency 

pole accidents, on the other hand, injuries to extremities 
of injury is the chest, which accounts for one-third of all 

are much more frequent. 
the injuries of severity AIS _> 2. We can see that the 

Table 6 above shows the relative frequence in each of 
proportion of chest injuries increases with increase in 

the groups of accidents. Table 7 below shows the pro- 
severity of injury, 

portion of injuries to each of the parts of the body divided 
The various objects with which collisions occur cause 

up according to the object of collision. 
different deformations, and the question arises as to 

It is possible to read from this table that, of all the whether the distribution of injuries shown above, depends 
head injuries, 25% resulted from car-to-car accidents, 

on the nature of the object with which impact takes place. 
50% from car-to-truck accidents, and 25% from car-to- Table 6 shows the relationship between injuries AIS 2- 

6 and the collision objects: car, truck and pole/tree, 
pole accidents. 

...... In Table 6, the lower part, "chest + head" means that Table 7 gives us some measure of the "true traffic 
environment". We see, for example, that although, ac- 

8% of the near-side occupants, in a car-to-car side impact, 
cording to Table 6, the risk of head injuries is equally 

sustained both head and chest injuries _> AIS 2. 
"Abdomen, due to chest", means that the abdominal 

great in pole accidents and in truck accidents; in actual 

injuries are caused by the chest injuries (broken ribs), 
fact half of all head injuries occur in truck accidents, 
whilst only a quarter occur in pole accidents. Most of the 
chest injuries occur in collisions with cars, even though 

Table 5. Proportion of injuries to various parts of body. the risk of chest injury is somewhat greater in the case 
of collisions with trucks. 

AIS A|S 
The combination of injuries to chest and head is most 

2-6 4-6 

Table 7. Occupant injuries, classified according to object of 
HEAD 22% 24% collision. 

CHEST 34% 44% 
ABDOMEN 11% 24% 

car Truck Pole/tree 

Head 25 % 50 % 25 % PELVIS 10% 4% c.est 48% 42°/o lo% loo%t 
EXTREMITY 23% 4% Abdomen 50 % 50 % - 100 % I 

Pelvis 33% 56% 11% 100% t Extremities 33 % 33 % 33 % 100 % / 

20% 70% 10% 1OO% f 100% 100% 
Abdomen, due to chest 57% 43% - 100%I 
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usual vchen the object of the collision is a truck, while 

injuries to the Abdomen resulting from primary chest Injury frequency 
injury is more usual when the object of collision is a car. % AreS >~ 2 

To study more closely the effect of deformation on 

injury, we have prepared Table 8 below, in which we 

show the relative injury distribution for the various objects 

of collision. 

Table 8. Classification of injuries according to object of cot-                               Head Abdomen Extremity 
lision,                                                                                      chest pelvis 

AIS 2 -6 CAR TRUCK 
P~ 

Figure 10. Injury risk in car-to-truck side impact. 
~" TREE 

HEAD 14% 25% 31% --The force is concentrated at chest height, giving a 
CHEST 43% 32% 19% high proportion of chest injuries, but there is also an 
ABDOMEH 14% 13% - increased risk of head injuries, because of deforma- 
PELVIS 9% 13% 6% tion of the roof edge and risk of direct impact with 
EXTREMITY 20% 17% 44% the collision object. 

........... --In collisions with poles, deformation extends evenly 
100% 100% 100% from the floor area up to the roof. 

This shows us that in collisions with cars, chest injuries 
predominate; in collision with trucks, head and chest % 

Injury frequency 

injuries are about equally frequent; and that finally, in ~ AIS 2 
the case of collisions with poles, head and extremity in- 80~ 

juries are predominant. 60i ~ 
On the basis of the accident material, we can put for- 

ward the following: 40i 

--Depending on the type of collision object, different 20 

types of deformation occur, and these in their turn 
i. 

cause characteristic occupant injuries. -- Head Abdomen Extremity 
--When collision takes place with a car, it is mainly chest pelvis 

the doors that are deformed, and there is no extensive 
damage to the floor and roof zones. 

Figure 11. Injury risk in car-to-pole side impact. 

Injury frequency 

% AIS>~2 

In this case the force is distributed relatively evenly 

over the side of the car in the vertical direction. Severe 

--~ i ~-~ !7 deformation of the floor zone increases the probability of 
leg injuries. Furthermore, there is a considerable risk of 

Head abdomen extremity head injuries caused by impact with the deformed roof 
chest pelvis and/or the collision object. The proportion of chest in- 

juries is somewhat lower than in collisions with cars and 

Fig~Jre 9. Injury risk in car-to-car side impact, 
trucks. The reason may be that the forces at chest height 
are not as concentrated as is the case in a pole accident. 

The force of the collision is concentrated at chest height 
and this causes a high proportion of chest injuries, many 
of them in combination with abdominal injuries. DISCUSSIONS--TEST METHODS 

In collisions with trucks, the door is deformed (often 
higher up than in collision with a car) and at the same Tabulation and analysis of the statistics on side impact 

time the roof zone is damaged, collisions shows the following relationship. 
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Type of Accident--Type of Deformationm may depend upon factors which cannot be simulated in 
Injury the laboratory. 

The AIS scale has the characteristics that certain in- 
On the basis of this knowledge, it is possible to design juries, for example injuries to the extremities, very seldom 

laboratory test methods and to evaluate their potential as are recorded as in excess of AIS 3. We consider that we 
means of reducing injuries in trat~c accidents, are, therefore, justified in continuing to work with groups 

This has, in fact, been done in a number of cases; AIS 2-6. In this way we see the picture as a whole and 
mention can be made of the information for NHTSA, obtain more material, to give more accurate assessments. 
ANPRM notice 1, and GM’s "Case-by-case analysis of It is possible to distinguish the principal types of injury 

.............. side impact accident files" (5) (6). mechanism. 
........ NHTSA made a survey in NCSS and concluded that 

while 65% of the accidents are multi-vehicle accidents 1. Injuries resulting from an intruding structure, or from 

the side impact collision requirements should be based direct contact with the deformed side. These injuries 

are caused to near-side occupants (except in the case on car-to-car collision tests. Thereafter, much work was 
devoted to identification of the types of accidents, in the of extreme depth of deformation) when the collision 

form of angles between vehicles and their speed at the object impacts with part of the passenger space. 

........ moment of collision. Suggestions and evaluations have 2. Injuries resulting from impact against the interior. 

been made for a relatively complicated test method with These are injuries caused to occupants beyond the 

angled tracks, 
deformation zone--off-side occupants in collisions 

GM states in a recent report that "a subsystem test against the passenger space and all occupants in 

strategy offers distinct advantages over the more complex 
lisions to the front and rear of the passenger space. 

full-scale testing". GM makes a close analysis of their 
3. Injures resulting from the person being thrown out 

side impact collision information and draws the conclu-       of the car. 

sion that the concept of side impact collisions includes a The injury mechanisms 2 and 3 above, depend on the 
large number of different types of accidents and injury design of the interior, the properties of the doors and 
mechanisms and that, therefore, a test method should windows and the use of seat belts by the occupants. There 
include a number of different component tests, and per- is no reason to try to reconstruct all the complicated 

.............. haps full-scale testing, in order to cover the range of types sequences of events which result in the occupants ira- 
...... of injury, pacting against the interior, or being thrown out. Safety 

Our information has been classified and structured so requirements for all internal fittings and strength require- 
that it is suitable for an analysis intended to give a relevant ments for door fastenings and window fastenings increase 
laboratory description of traffic environments, safety in the same way as obligatory use of seat belts. 

Injury mechanism 1 is related to the ability of the 
vehicle to resist violent impact against the passenger 

ACCIDENT DISTRIBUTION (AIS) 2) 
space. Any test method which has the object of reducing All accidents 
injuries resulting from this cause must be able to repro- 

~’~ .L~ ..... duce the impact in some relevant and reproducible way. 
s,,. ~.~, We are only too well aware that the violent impact 

c~ 
may be applied in innumerable ways. Which should 
selected as a means of reproducing the trae traffic situ- 
ation, in a test method? 

Since we are concerned here with the injuries produced 
by direct violence on the near-side occupant of the car, 
we should use the spectrum of injuries suffered by these 
occupants as the starting point, rather than the frequency 
of the various types of side impact collision. 

i The most frequently injured part of the body is the 
Figure 12. Distribution of side impact accidents, chest. In all accidents (AIS > 2) the frequency of chest 

injuries is 61%. Chest injuries occur at all angles and 
We have also limited our work to occupants who re- with all collision objects. Examination of the objects with 

ceive injuries _> AIS 2. which the car collides shows that 48% of chest injuries 
We are interested in establishing a basis for transfer of result from side collisions with other cars. 

the traffic environment concerned in side impact collisions A test method in which deformation of the passenger 
into the laboratory. It is then misleading to look only at compartment is caused by a simulated car front should 
injuries of severity AIS _> 4 as the step between severe cover 48% of all the chest injuries. The remaining chest 
(AIS 3) and serious (AIS 4) injuries may be small and injuries occur in 42% in collisions with trucks. ~ne de- 
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f-ormation which then occurs at chest height on the door CONCLUSION 
is not unlike that caused by a car under similar collision 
circumstances. It could, therefore, be assumed that if a * It is important that there is a system to follow up 

car front were used in the laboratory to cause deforma- accidents which by its size and method of selection can 

tion, this would also, to a certain extent, simulate colli- give a representative picture of the trat~c accident situ- 

sions with tracks, ation and which by in-depth studies of accidents can give 

If we look at the specific injury picture in the case of good information on the causes of individual personal 

car-to-car collisions, we find that chest injuries are clearly injuries. 

predominant. * Collisions against the side of the vehicle comprise a 

The chest injury frequency is 63%. It is thus mainly large proportion of all accidents which cause personal 

this type of injury that will occur when a car front is injury. When development work is done on making cars 

causing the deformation, safer, a large proportion of this work should be devoted 

It is important to simulate not only the final position towards the question of side impacts. 

of the deformed door but also the dynamic process, i.e., * Side collisions are however not one homogeneous 

the acceleration of the door in relation to the occupant, group of accidents which cause injuries. Where and how 

Naturally, it is of most importance that the testing on the vehicle side the impact occurs and the object caus- 

device used in the test has the ability to measure violence ing it have a large influence on the resulting personal 

to the thorax, injuries. 

If we go back to Table 7 which shows occupant injuries, * Of all the more serious personal injuries, chest in- 

classified according to object of collision, we see that the juries comprise the largest group with approx, one-third. 

type of testing spoken of above, has a potential of repro- * A car-to-car test method probably reproduces the 

ducing impact situations which together cause about 90% great majority of collision situations in which chest injury 

of all chest injuries. In Table 5, where proportion of occurs. 

injuries to various parts of the body are shown, the chest * More research is needed on the occurrence of head 

injuries constitute 34% of all injuries (AIS > 2). The and (lower) extremity injuries in side impacts, plus work 

Abdominal injuries constitute 11%. Corresponding fig- to permit reproduction at some future date of these in- 

ures for the AIS _> 4 injuries are 44% and 24% respec- juries in a laboratory environment. 

tively. The injuries to the abdomen are often associated * Volvo will concentrate a proportion of future trat~c 

with injuries to the chest and it is reasonable to believe accident research on a continued programme of side ira- 

that a test method that can give about a reduction of pact studies, with particular emphasis on investigating 

chest injuries also will affect the abdominal injuries, how various typical injuries occur. In addition, various 

What is the effect of a car-to-car test method on the important parameters which have not been discussed in 

injuries to other parts of the body? this report, will be taken up. Some of these are the mutual 

Table 6 shows that the head injury frequency is a lot relationships of direction of force to direction of impact, 

higher in accidents involving trucks or poles than in car- collision speed--AV--door speedminjuries. 

to-car accidents. According to Table 7 only 25% of the 
head injuries appear in accidents where a car has been 
the collision object. A laboratory simulation of this ac- REFERENCES 
cident type will probably not reduce head injuries in any 
major extent. The head injuries appear mostly in accidents 1. Collision Deformation Classification--Technical Re- 

where the roof zone is deformed. There is not much portmSAE J 224b. 

written about the simulation of collisions against objects 2. The Abbreviated Injury Scale-presented on Eight- 

that cause deformations on the roof zone. eenth Conference of the American Association for Au- 

It is important that there is work being done with the tomotive Medicine. 

aim of mapping the injury mechanism behind the head 3. Frontal crash protection in a modern car concept. R. 

injuries. Almqvist, H. Mellander, M. Koch, presented at 9th 

Injuries to the extremities are very" common in collisions ESV Conference in Kyoto, Nov. 1982. 

with poles, where the leg area is reduced. It is mainly 4. Status of the NHTSA research and rulemaking activ- 

injuries to the lower extremities, mostly the thigh. There ities for upgrading side impact protection, A. Burgett, 

is, as of today, no dummy-related measuring device that J.R. Hackney. 

measures this kind of injury. 5. NHTSA--ANPRM docket 79-04 notice 1, Dec. 79. 

On the basis of the discussion above it seems probable 6. Side Impact Insight from General Motors’ Field Ac- 

that various kinds of component testing will be required, cident Data Base. By R. Mehta et al., presented at 

while the injuries to the head and to the extremities are Eighth International Technical Conference on Exper- 

caused by several different kinds of deformations, imental Safety Vehicles, in Wolfsburg, October 1980. 
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SECTION 5: TECHNICAL SESSIONS 

A Study on the Methodology to Evaluate Lateral Impact 
and Occupant Protection Measures 

..... S. MORITA, K. MATSUSHITA, to examine the effects of the respective modifications on 
M. YAMAGUCHI AND K. SOBAJIMA body deformation and dummy injury levels. 

Nissan Motor Co., Ltd. Program I1. A static crash load element that can sim- 

ulate the mode of side-crash door deformation in static 
sled tests was developed, and its correspondence with 

................ ABSTRACT dynamic impact tests was examined. 
Program 11I. An outline of the impact conditions is 

In order to study the occupant protection functions of given in Table 2. A practical, concrete solution to the 
vehicles in side collisions, an analysis was made on pro- countermeasure was investigated. Through the develop- 
tection countermeasures and their effects. The synthetic ment of an experimental NRV-II car, a study was made 
evaluation primarily used vehicle crash tests which in- to determine a more effective countermeasure for the 

...... cluded static sled experiments, body. 
........ Practical and concrete solutions to the countermeasures 

were obtained from the fundamental experiments, which Table 2. Program III. 
were used to develop an experimental NRV-II. 

iTEM                                     !LEVEL OF X ISTROOKI .... ISTRIKINGIIMPACT MODIFICATION Further, various parameters of the striking cars, such 
A [iMPACT 

VELO~tT~ CASE~ CAR .... ICAR VELOCITyITO STRUCK 
NO \ I ’; CAR as impact energy, impact point, etc. were examined to . I I 

~ I B [An~l B .4~km/h] BASE LNE 
determine their influence in order to clarify methods for 

~~ I ’-~ I 

(9,~ ~ (H~) TM OAR 

evaluating the side-impact occupant safety of vehicles. 60° -(6) [ (93~) ~ ~ ~ ~ km/~i 

INTRODUCTION 0o<~1, ~ i#I ~, ~, ’~ 

Types and Purposes of Tests 
~ ~j 

.......... The types of tests are outlined in Tables 1 through ~. .~/ L. ~_~     ~ 

(t) ~e body structures of the struck cars were a small 
4-door, passenger car and a small 5-door, passenger car. 

(2) A small 4-d~r passenger car was used as the stfik- 
Program 1K An outline of the impact conditions is 

ing car in most cases. A defo~able moving barrier was 
given in Table 3. The aggressiveness of the striking car 

..... substituted in some cases, in lateral impact was examined by using a defo~able 
(3) HSRI side-impact dummies were used throughout 

moving barrier and controlling the stiffness of the ho- 
all the series of tests, 

neycomb. 
(4) As regards the seating conditions of the dummies, 

the seat slide and seat back angle were in the neutral 
position. Table 3. Program IV. 

~TEM ~ LEVEL OF Program ~ An outline of the impact conditions is ~ven ~o~ ~[~T~ ~, I STRUCK p ~ STRIKING HON~Y~B MOOIF~CATION 

~~~ cA~Y OAR 

S EOcAR ~ST~FF"ESS TO STRUCK in Table 1. The striking cars were modified increment~ly ~0. .o ~ 
(9]] B ~DS MIB ~ ,~:~ BAsE 

, 
Table 1. Program I. 

~N, OAR OAR    ~TO STRUCK OAR (MM) ~0~ ~~ 
~’" s~ec .......... ~o~F c~t O. 

A ~ 5D , E ~ BASE LINE CAR 

LANG~ETi~X 

@ 2 ~ 2 ~ 2 MODIFICATION I 
rsy~ - 

~3~ 9 ~ ’: ~ MODIFICATION ~ 

~¢~~--- 

~ [ ~ ]MOU,nczr,o~ m in Table 4. The eff~t ofimpact vel~ity and weight, which ~ ~ ....... 9- ....... 
Program E ~ outSne of the impact conditions is ~ve~ 

~e p~ic~arly impo~ant facto~ ~ lateral impact, were 
~a~ .~ ~,o~ exmined under various impact energy levels. 

Program VZ An outline of the impact conditions is 
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Table 4. Program V. 

48 kmih     ~    1                                                  STRUCK 

Nven in Table 5. The effect of the angle of impact was 
examin~ at the impact angles of 60~ and 90°, typical Figure 1. Relationship be~een car modification level and 

angles for lateral impacts, 
intrusion of door inner panel into compa#ment. 

Table 5. Program Vi. 
Test Results 

’~EM STRUCK SPEO STRIKINGIIMPAOT LEVEL OF , MOD~WCAT~ON Relationship between Intrusion of Door Inner Panel into 
CAR Compartment and Level of Modification. In our paper B i40s! B 48o’ ,1 ~> ._~        {,0~¢ . presented at the 8th ESV Conference, we pointed out that 

~o ~6) 2 t} t? t? t? one of the requirements for lateral impact occupant pro- 
}:~¢: A 5D /: E, ,,~ 

IMODtFIOATtON 
. ..<~,~ ~.~ ~,~,~ i ~ tection was to keep a survivable space for the occupant, 

t} :. 1? t} 
i 

t? i.e., to examine the strength of the sides of the struck car. 
In this study, examination was conducted on the body 

side strength of the three types of modified cars. 
The relationship (static) between the level of modifi- 

cation and the intrusion of the door inner panel into the 
compartment is shown in Figure 1. As seen from the 
figure, modifying the foregoing parts of the car can reduce 
their intrusion into the compartment. This is not very 
practical and will cause many problems during produc- 

PROGRAM I tion. 
The average intrusion into the compartment, measured 

The struck cars were modified incrementally. The in- at 12 points of the door inner panel covering the dummy 

jury levels of dummy in the driver’s seat and the state of chest, showed a reduction from 28 to 76 percent compared 

defo~ation of the struck cars were compared under the to the base line car’s. A reduction of 16 to 31 percent 

same impact conditions in order to clarify the effects of was observed at the upper door which is closest to the 

the respective modifications, upper ribs of the dummy. While body deformation in area 

For the impact conditions, reference was made to the near the shoulder must be prevented as much as possible 

NHTSA proposal. For repeatability, however, the struck to reduce the chest injury level, a deformable area to 

car was kept stationary, the impact angle was 60°, and absorb impact energy must be provided in the portions 

the impact velocity was the somewhat high speed of 56 that do not contact the occupants. This would be an 

km/~n (35 mph). The struck cars were modified in three excellent subject for a future study to find out the proper 

steps, based on a small 5-door, passenger car. balance between these contradictory requirements. 
From the analytical study of deformation of the struck 

Levels of modifications (a) Base line car cars, the following items require examination on the part 
(b) Modification I of the struck car in lateral impact. 
(c) Modification II 
(d) Modification III Items Requiring Examination 

The modified parts included the door, sill, A pillar, B (1) The sturdiness of the door that undergoes a direct 

pillar, floor, seat, etc., and the total weight required for hit from the striking car. 

the modifications amounted to 50 kg. Further, the spec- (2) Distribution of external force exerted on the door 

ifications of the modifications were those devised as eoun- to the sill, A pillar, and B pillar. 

termeasures for a 60° lateral impact and did not take (3) Sharing external force with the floor, roof, and seat 

prc~uction design into consideration, and padding. 
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1000 
<~3 

4 ~ - 600 ~ 

VELOCIT Y VELOCIT Y I WEiQHT 

1C~ 200 3~G 400 

Figure 2. Relationship between intrusion of door inner panel 
into compartment and dummy injury level (com- Figure 3. Relationship between countermeasure weight and 
parison with modification level), dummy head injury level. 

In the base ]ine car, a characteristic of the deformation 
mode is that the lower end of the door separates from depending on the level of modification. This is less than 
the sill during the initial stage of collision. This is an the foregoing reduction range of intrusion of the door 
important phenomenon which requires a lateral impact inner panel into the compartment. 
countermeasure as mentioned in item (2) above. Photo 1 This phenomenon implies that the countermeasure of 
shows a whole view of a lateral impact car. keeping a survivable space can be obtained by modifying 

Relationship between Level of Modification and Dummy the sides of the vehicle. However, despite a slight reduc- 
Injury Level. Figure 3 shows the relationship between the tion in the injury level, the rate of the reduction is small 
level of modification and the head injury level. Figure 4 relative to the weight increase required for the modifi- 
shows the relationship between the level of modification cation. 
and the chest injury level. That is to say, modifications to the struck car alone 

In the base line car, the head injury level HIC is 600, are limited in improving lateral impact occupant safety. 
which is lower than the objective level (HIC: 1,000), It follows that it is necessary to study a wide range of 
however, the chest injury level 88 G-3ms is far greater occupant protection countermeasures, including interior 
than the objective level (40 G-3ms). padding, seat structure, improvement in the aggressive- 

The chest injury level was reduced by 20 to 38 percent, ness of the striking car, etc. 

PROGRAM II 

In order to efficiently pursue occupant protection in 
lateral impacts, impact tests must be conducted parallel- 
ing static tests (including simulation analysis). Prior to 
carrying out the programs of this series, some tasks were 
planned along the flow shown in Table 6, by which the 
development of an NRV-II was advanced. 

Figure 4. Relationship between car modification level and 
=hoto 1. Condition of modified Car III after impact, chest injury level. 
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Table 6. An example of approach to lateral-impact coun- 
termeasures.                                                        L~E ~.E ~ L,.E 

:~ I i, I /’ I f, 

BASE L~NE OAR IMPACT TESTj <[ / i / " COMPARA]WE IMPACT PAT[~R’ 

............................. ~ ~ ~ 

CAR 

Figure 6. Permanent deformation modes in impact and static 
tests. 

An Example of Body Development by Static device. Further, Figure 6 shows a comparison of the door 

Test deformation modes that occurred in static tests and im- 
pact tests. In addition, predicting the amount of defor- 

A method of simulating the impact of a single car with marion that might occur in an impact test was attempted 
a pole is specified in item 214 of the F.M.V.S.S. Because from the results of static tests using the loading device. 
stimulation covering all crash conditions cannot be Figure 7 shows an example of prediction method. From 
achieved in lateral impacts, it will be necessary to study the data of load-loading device displacement and load- 
only typical cases of collisions, door inner panel displacement in the static tests, the max- 

In this program, typical cases were selected from the imum compartment deformation in an actual car impact 
crash conditions of a series of impact tests: the impact was predicted by the following procedure. 
angle was 60 degrees, impact point was D.O.R., the struck 
car was stationary, and impact velocity was 56 kmih (35 
mph). Procedure for Prediction 

In static tests the shape of the loading device and the (1) The first step is to obtain energy (El) required to 
loading point were important factors. As regards the produce the deformation (Xo) in an impact of the base 
shape of the loading device, the average, permanent de- line car. 
formation of the struck car’s door was obtained from (2) The second step is to predict the maximum com- 
several cases of impact tests conducted under the fore- partment deformation (X1) of a modified car by obtaining 
going conditions. An examination was made on how this the energy (E2) corresponding to (E~) with the load-dis- 
deformation mode should be simulated, placement characteristics of the modified car. 

Figure 5 shows the shapes of newly-developed loading 

---- INNER PANEL DISPLACEMENT 

LOADING DEVICE DISPLACEMENT 

(OUTER PANEL DISPLACEMENT) 

(x,) i ,(xo) ! 

LOADING DEVICE DISPLACEMENT X 
IMPACT POINT 

Figure 7. An example of prediction of impact deformation 
Figure 5. Shapes of loading device and impact points, by static test. 
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The evaluation conditions were established as described 
below. 

~ 80- ~z~ ~ The objective impact velocity was 48 km/h (30 mph), 

~ 60 [_]~~ hEAD/ 
however, some of the tests were carried out at different 

~ ~ velocities. The impact angles were 60° and 90°, typical 

~ 40 

~~ 

~ 

side-impact patterns. The weight of the striking car was 

20 ~ CHEST 1,100 kg (2,500 lb) which corresponds to the weight of 

c                     R~ .... ~ -~~        the moving barrier employed by ECE, ISO, etc. 

MEASURING POIN~ OF 
Further, for improved repeatability, the impact tests 

~s~, ~u~,_~_ were performed on the base line car with the stationary 
struck car, and the striking car of the same model. 

ST~G c~ WEb,T: .00~ ~6oo~ Figure 8 shows the dummy injury levels produced in 
a series of tests in conjunction with the development of 

Figure 8. Impact test results of NRV-II (injury level), an NRV-II. 
A comparison of the results of Case No. (5) and Case 

The degree of contribution of each modification and No. (7), which were conducted at a 48 krn/h impact speed 

modified part as countermeasures can be examined by a and at a 60° impact angle, discloses that the NRV-II 

detailed analysis of the load-displacement characteristics exhibited a 42 percent reduction in chest injury level 

data. Single part data are obtained by a similar test (G-3ms) as compared to the base line car. This is good 

method. These techniques were used in the modification evidence that the NRV-II is effective in its well-balanced 

of each program, countermeasures. 

On the other hand, in Case No. (8) at a 90° impact 

PROGRAM III angle, higher levels of injury to the head and chest were 
produced than in the 60° impact tests. 

Various effective countermeasures, or incremental In programs I, II, and III, concrete solutions to lateral 
modifications to the base line car, were examined in pro- impact occupant protection countermeasures have been 
gram I; each of which was accompanied by a considerable pursued under limited conditions. If the various phenom- 
weight increase. Also, because they were not investigated ena surrounding the occupants in lateral impacts are taken 
from the standpoints of production and practicality, there into consideration, it can be understood that there are 
remains a number of unsettled problems, many factors that influence injuries to the occupants. 

In program III, the development of an NRV-II was Analysis of these phenomena will be useful as a reference 
attempted by selecting countermeasures that seemed very for the future development of lateral impact counter- 
effective and also allowed a weight reduction, measures. 

The actual struck car was small 4-door, passenger car, The following three themes, which are particularly ira- 
which was modified as described below. The specifications portant for occupant safety, were selected for analysis this 
of the modifications were intended for a 60* crash, time. 

Modified parts and details of modifications: 

Part Details of modification 
* To restrain deformation in portions that come into contact with the occupant, 

Door a) A guard bar was installed near the bumper of striking car. 
b) The portion where the guard bar was attached was reinforced. 
c) A joint was installed between the door and sill. 

Door ~ Sill * To restrain door deformation by scattering an impact load which is exerted on the door, 
a) A joint was installed between the door and sill. 

* To restrain deformation that is caused by an impact load transferred from the door, front 
Sill pillar, and center pillar, 

a) The sill section was reinforced 
* To restrain deformation that is caused by an impact load transferred from the door and 

by a collision of a striking car, 
a) The center pillar was reinforced. 

Center pillar * To restrain deformation that is caused by a collision of a striking car and by an impact 
load transferred from the door, 
a) The front pillar was reinforced. 
b) A transverse member was installed between the pillars. 

* To restrain the deformation of the sill and door that is caused by a collision of a striking 
Second cross-member car with the sill and by an impact transferred from the door, front pillar, and center pillar, 

a) The second crossmember was increased in size. 
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1. The aggressiveness of a striking car in a lateral im- [~,,~ STRUCK ! STRIKING CAR !STRIKING CARl 
L~s CAR ..... pact ~ I~ N VELOCITY VELOCTY]WEIGH 

2. Relationship with impact energy 
~\\~~= = ~ i 3. RelationsNp with impact angle 

*°°I 
--. 

801 
AVERAGE LATERAL G ’*’~ 

" 9 

PROGRAM IV OF ,RIBS ~ " 

As already stated in program I, lateral impact occupant 
~ ’ ’ RESULTANT G AT CHEST 

protection requires not only countermeasures for the 4o44 .. 
CENTER OF GRAVITY 

striking car, but also a synthetic examination of the safety 
performance of both vehicles, including an improvement 0a~-~- ....... .~, , ,~- 
in the aggressiveness on the part of the striking car. 

~.0 ~.~ ~.0 

The side structure of a vehicle has a small area in which 
the energy from a collision is absorbed most by the front Figure 10. Relationship between striking-car (honeycomb) 

and rear st~acture, and yet the sides are the portions stiffness and dummy chest injury level. 

closest to the occupant. Therefore, the front-end stiffness 
of the striking car, i.e., the aggressiveness, seems to have 
a direct, substantial effect on injuries to the occupants, it will be possible to provide effective occupant protection 

In this program a moving barrier was used in place of together with countermeasures for the struck car. 

a striking car to accurately assess the influence of the 
aggressiveness of the striking car. Furthermore, the im- PROGRAM V 
pactor used moving barriers whose surfaces were covered 
with three types of honeycomb, each having different The effect of the impact velocity and weight in lateral 
stiffness. The test conditions are given in Table 3. impacts was examined by controlling impact energy. The 

Incidentally, the shapes of the honeycombs were in struck car used a base line small 4-door, passenger car, 
accordance with the NHTSA Side Impactor. For refer- and the striking car was a base line small 4-door, pas- 
ence purposes, the honeycomb used in Case No. (9) sim- senger car of a different size. Impact patterns were stand- 
ulates the characteristics in Citation’s 60* oblique impact, ardized. Three impact conditions were established as 

Figure 9 shows the relationship between the front-end shown in Table 4 and the body deformation modes and 
stiffness of the striking car and the head injury level of the injury levels of the dummy in each impact condition 
the dummy. Figure 10 shows the relationship between were compared. 
the stiffness and the chest injury level of the dummy. 
Both the head and the chest injury levels increase as the 
front-end of stiffness of the striking car increases and the Results 
relationships are almost proportional. Relationship between Impact Energy and Intrusion of 

If the reduction in the aggressiveness of the striking Door Inner Panel into Compartment. The intrusion of the 
car can be achieved at the front end including the bumper, door inner panel into the compartment naturally increases 

with an increase of impact energy. Figure 11 shows the 
amounts of deformation in comparison. 

As seen from the respective increasing rates of impact 

~- 500 
~ 60" 

400                     / ’       (/~[OCITY VELOCITY WEIGHT 

DEFORMATION / 

~ I DEFORMATION MEASURING POINT 

Figure 9. Relationship be~een striking-car (honeycomb) Figure 11. Relationship be~een impact energy and intru- 

front-end stiffness and dummy head inju~ level, siGn of door inner panel into compa~ment. 
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energy and intrusion into the compartment, it can be 
safely said that the conditions under which the evaluation 

was made in program I [corresponding to Case No. (14) 
in Fig. 1 1)] were very severe.                               400 

’ EM STRUCK STRIKING CAR 
I 

Relationship between Impact Energy andD, mmyInjury 3°°, , i ~ 
. CAR 

VELOCITY VELOCHYWEIGNT ENERGY 
Level. 

On head injuries 

....... As shown in Figure 12, the head injury levels increase ~AOT CONDFrlONS 
both in HIC and in compound G with an increase in 
impact energy, both of which are below the objective level, Figure 12. Relationship between impact energy and dummy 

HIC: 1,000. Photo 3 shows part of the behavior of the head injury level. 

dummies during collision. 
Here, let us notice the behavior of the head during  ase O,eve, 

because the side of the head came into contact with a        ~0 
portion of the B pillar. 

In Case No. (13), the side of the dummy head, shaken ~ ;/ CAR 
by impact, contacted with the upper part of the shoulder. 

....... Case No. (12) indicates that the side of the head did not 20 
......... contact anything, even though it was shaken. The be- 

havior of the dummy changes with the difference in input 
to the body caused by impact energy, the difference in ,U~ACT ENERGY TON.M 

the relative velocity between the dummy and the door Figure 13. Relationship between impact energy and dummy 
inner panel, etc. The head in particular seems to be greatly chest injury level. 

.......... affected by this behavioral change. 

On chest injuries 

Figure 13 shows the relationship between impact energy ~ 
,)z/ "/ 

and the chest injury level. The chest injury level also 
increases with an increase of impact energy, the same as 
with the head injury level. 

Further, examination was conducted on the relative ~ ~0    / 

velocity between the dummy and the door inner panel 
and on the relationship between the relative velocity and 
the chest injury level. 

0 . ¯ 

The results of these examinations are shown in Figures ,~O~OT ENERGY ON.M 

14 and 15. From the results of sled impact tests conducted Figure 14. Impact energy and dummy impact velocity (rel- 
at the same time, it is determined that a strong correlation ative velocity). 
exists between the impact velocity of the dummy and the 
chest injury level. 

As stated previously, the dummy chest injury level can ~00 
be correlated with the amount of intrusion of the door 
inner panel into the compartment, and the dummy impact 
velocity is related to this. ~o ,/ 

From the investigation of the effect of the impact energy 
of the striking car, it has been proven that as described 
under the heading "Results", the side impact energy af- 
fects the intrusion of the door inner panel into the com- 
partment and injuries to dummies very greatly. ~0 20 

Therefore, when conducting an evaluation test, a more 
detailed analysis of real accidents is needed involving the Figure 15. Relationship between dummy impact velocity (rel- 
impact velocity and weight level, and moreover, any de- ative velocity) and chest injury level 
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ClSE @ 

C~E ~ 

CaSE @ 

Photo 3. Dummy behavior after 100 ms in each test. 
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cisions must be carefully made in consideration of a future 
trend toward down sizing. ~Ao~ ,,,,~o~ s0 .... 

Relationship between Impact Angle and Dummy Injury 
STRUCK CAR STATIONARY 

Level. Because of various traffic conditions in each coun- -- o~s~ ~o 
.......... try, the way of interpreting impact angles in side collisions. - 

has not yet been standardized through the analysis of real 
accident data. Side impact angles range widely from 40° 
to 100° as seen in the NHTSA analytical results. Typical 
impact angles of 60° and 90°, which are most commonly 

jv \,’ ’. ........ used in impact tests, were examined on how they influence 
......... the dummy injury level. ~o so loo~ o    ~o ~ ~oo 

Figure 16 shows the results of impact tests performed ~AT,O. ~,~ ~S t~,O. ~,~ ~S 
at different impact angles. Both the head and the chest 
indicate that higher injury levels were produced in a 90° Figure 17. Acceleration curves of dummy head and chest 

impact than in a 60° impact. Also, Figure 17 shows the 
in 90° and 60° lateral impacts. 

deceleration waveforms produced at the head and chest. 

Sled tests were run at the same impact angles to clarify 
the characteristics of the dummy itself. The results reveal Finally, this series of programs can roughly be classified 
that the damper built in the rib of the HSRI side-impact into three themes. In the first theme, tests were performed 
dummy has directionality, and the function of the damper under test conditions close to the NHTSA evaluation 
does not perform normally at impact angles other than method to research a basic solution to side-impact oc- 
90°. cupant protection. This is relative with programs I and 

............. Therefore, it follows that if side-impact countermea- II. In the second theme, studies were made using modified 
sures are researched for only a certain impact angle, they cars which took practicality into account. This is related 
will not provide effective occupant protection in side im- to program III. 
pacts occurring at different angles. In the first and second themes, occupant protection 

In the case of a 60° side impact, injuries to the occupant was examined under limited conditions. In the third 
are considered to be greatly affected by the seating pc- theme, however, problems of the evaluation methods were 
sition of each occupant (seat slide position) and the initial pursued with attention paid to the main items of the 
impact point of a striking car. respective parameters assumed in side impacts. These are 

In the case of a 90° side impact, on the other hand, the concerned with programs IV, V, and VI. 

seating position (seat slide position) seems to have no 
direct effect on injuries to the occupants, because a wide 
area in the front of the striking car hits the struck car. CONCLUSIONS 

(1) A reduction of vehicle deformation keeping occu- 
pant survivable space and a means of relieving an impact 

~00- in an occupant secondary crash seem to be possible coun- 
termeasures for the struck car. However, the strength- 

’~’m 8o- ~ ~ 
ening of the vehicle body leads to a large increase in 

~ weight, resulting in a great sacrifice with respect to prac- 

~ 60- ticality. Therefore, side-impact occupant protection is 
> considered to need further examination of the striking 
~3 

-~ 40- ~7. ~ car including the aggressiveness as well as the struck car. 
>" CASE, NO ~: (2) The effect of the aggressiveness of the striking car 

z~ z0- is obvious in impact tests using honeycomb impactors. 
Considering the repeatability of the evaluation method, 

0 a honeycomb used for a striking car yields better results 
than using a vehicle. However, another problem arises 

STRUK CAR’CAR WITH MODIFICATION [~ with the use of honeycombs. That is, although certain 

IMPACT VELOCITY" 48km/h i30 mph typical values need to be established in simulating the 

STRIKING CAR WEIGHT 1. 360kg 3. 000 Ibs stiffness and the impact direction, it is difficult to relate 
them to the aggressiveness of the striking car. 

Figure 16. Relationship between impact angle and dummy (3) Impact energy (impact velocity and weight) and 

injury level. ~mpact angles are known to exert great influence on 
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dummy injur3’ levels. Therefore, in order to determine REFERENCES 
impact energy, more complete analysis of real accident 
data must be continued and the conformity among the 1. August Burgett, and William Brubaker "The Role of 

countries must be taken into consideration, the Side of the .Motor Vehicle in Crash Protection" 

Moreover, the angle of impact covers a wider range in SAE 820245. 

side collisions than in frontal and rear-end collisions. This 2. O. Kitamura, K. Watanabe, and K. Matsushita "An 
rnakes it difficult to include all impact angle conditions Experimental Study of the Lateral Impact Protection" 
in crash tests, and leads us to believe that crash tests may 8th ESV Conference Wolfsburg, October 1980. 

be performed only in certain representative conditions. 3. C. J. Griswold, R. A. Wilson, and R. Metha "Side 
Dummy response is closely related to impact angle. An Impact Sub-System Test Development" 8th ESV Con- 

investigation of the relationship between impact direction ference Wolfsburg, October 1980. 

to the dummy and dummy response reveals that because 4. J. Provensal, and G. Stcherbatcheff "Identification of 
of the directionality of the damper built in the chest, the Compatibility Factors in Side Collision" 8th ESV Con- 

HSRI side-impact dummy presents a problem in terms ference Wolfsburg, October 1980. 

of the adequateness in impacts at other than 90°. It is 5. A. Burgett and J. R. Hackney "Status of National 

necessary, therefore, to develop a dummy that simulates Highway Traffic Safety Administrations Research and 

human body response. Rulemaking Activities for Upgrading Side Impact Pro- 

(4) As described above, a great number of factors are tection" 7th ESV Conference, Paris, June 1979. 
involved in lateral impact occupant protection, each of 6. J. W. Melvin, D. H. Robins, and J. B. Benson "Ex- 
which exerts important influence on one another. At pres- perimental Application of Advanced Thoracic Instru- 
ent, there are a number of difficult problems awaiting mentation Techniques to Anthropomorphic Test 
solutions before the occupant safety performance of ve- Devices" 7th ESV Conference Paris, June 1979. 
hicles can be evaluated by dummy injury level under some 7. E. Franchini, Fiat Technical Presentation "Side Col- 
conditions, lision" 7th ESV Conference, Paris, June 1979, 

The Status of the National Highway Traffic Safety Administration Side 
impact Research 

WI LLIAM T. HOLLOWELL, vehicle-to-vehicle accidents. The research areas in support 

JAMES R. HACKNEY, of this objective included accident data analysis, the de- 

THOMAS MACLAUGHLIN velopment of test devices and procedures, the develop- 

National Highway Traffic Safety 
merit of potential safety measures in vehicle design, and 
the determination of the cost and leadtime of imple- 

Administration menting these measures. Since its inception, this program 
has been allocated substantial resources of the Agency 

ABSTRACT and has been widely publicized. 
On January 31-February 1, 1980, the NHTSA spon- 

This paper presents the status of the program for side sored a Public Meeting at which technical papers were 

impact research of the National Highway Traffic Safety presented to highlight the activities supporting the afore- 

Administration. The program consists of four projects: mentioned research areas [1]. Papers have been presented 

S1 Side Protection--Thoracic Injury, $2 Side Protec- at both the Seventh and Eighth International Technical 

tion--General, $3 Ejection and Roof Protection, and $4 Conferences on Experimental Safety Vehicles to provide 

Roof Rail and Pillar Protection. The NHTSA plans to the status of the ongoing research [2-9]. Furthermore, the 

complete the S1 project by mid-year 1983, while the re- program has been presented to both the Motor Vehicle 

maining projects shall emphasize problem determination. Manufacturers Association and the Automobile Import- 
ers of America, Incorporated. 

Since 1977, a number of factors have developed such 

INTRODUCTION that a review of the entire NHTSA crashworthiness pro- 
grams was undertaken. In particular, five years have 

In 1977, the National Highway Traffic Safety Admin- elapsed since the NHTSA published a plan for motor 

istration (NHTSA) established the upgrade of side impact vehicle safety research and development. Also, motor re- 
protection as a top priority program in its rulemaking hicles have changed significantly during this time period. 

plan. The major emphasis of this program has been fo- Over the past five years, the quantity and quality of the 

cused on the reduction of thoracic injuries resulting from accident data and the vehicle crash performance infor- 
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mation have increased dramatically. Finally, the policies S3mEjection and Roof Protection, and (4) S4---Roof 

and resources available for research have changed. As a Header and Pillar Protection. 

result of this review, significant adjustments have been 

made to the Agency research programs. For side impact, 
Sl SIDE IMPACT PROTECTIONm 

this review has resulted in an expanded program. This 
THORACIC INJURY 

paper is written to provide the status of the current pro- 

gram for side impact research. As mentioned, the side impact program pursued by the 

Agency over the past five years has concentrated pri- 

marily on reducing thoracic injuries resulting from ve- 

........... G E N ERAL hicle-to-vehicle accidents. The S 1 project shall complete 

this effort by mid-year 1983. Shown in Figure 1 is the 

On February 24, 1982, a special session entitled "Prior- flowchart of the remaining tasks. As can be seen, these 

ities and State of Knowledge in Crash Protection" was follow the approach established by Malliaris. 

held at the Society of Automotive Engineers’ 1982 In- To date, the studies for Problem Determination have 
ternational Congress and Exposition. Papers from this shown that thoracic injuries account for the majority of 

.... session addressed the current planning of the Agency’s serious injuries (AIS _> 3) in side impacts. It has been 
research programs. In the paper "A Search for Priorities found that structural integrity and the interior padding 
in Crash Protection", Malliaris presented the methodol- of present vehicles do not provide adequate protection. 
ogy and results of the analyses from which the priorities The studies reported to date by the Agency for defining 

of the program for the enhancement of crash protection the conditions from which the injuries occur have been 

have been based [10]. For each program resulting from based on the incomplete versions of the accident data files 
this review, a generalized solution approach has been obtained from the National Crash Severity Study. A final 

incorporated. The approach includes the following steps: analysis of the completed files is under way. A final report 

1. A problem determination in sufficient detail to al- 
for the Problem Determination is due by November, 1982. 

The second task is the vehicle component character- 
low a meaningful execution of the subsequent steps; 

2. A characterization of the vehicle component(s) in- 
istics. The approach for mitigating the thoracic injuries 

volved; 
in the program has been to examine the effect of vehicle 

3. An examination of the injury potential arising from 
size and weight class; the interior padding; and the stiff- 

a collision of a specific body region with specific 
nesses of the door, door beam, the A and B posts, the 

vehicle components, and an examination of the 
rocker panels, and the seat structures. A report for sum- 

injury types and severities by the body region; 
mafizing these shall be completed by April, 1983. 

The third task is the human loading and tolerance. For 
4. A preliminary evaluation of mitigation concepts; 

5. The development of a test surrogate and instru- 
S1, the effort has been concentrated for establishing con- 

tinuous injury predictors for thoracic loadings. The ap- 
mentation for measurement of injury potential; 

6. The development of a test procedure and injury 
proach has been to translate mechanical responses 

scales; 
measured from cadaver testing (sled and pendulum) into 

7. The development of hardware for the leading mit- 
accurate predictors of the observed cadaver trauma. Test- 

igation concept(s); 
ing being conducted at the Heidelberg University is pro- 

viding data to supplement the existing Biomechanics data 
8. The test and evaluation of these concepts; 

9. The formulation of performance requirements for 
base. Additionally, a cooperative effort has been estab- 

lished with the Organisme Natior~al de Securit~ Routi~re 
the affected vehicle components; and 

10, The translation of performance criteria (reduction (ONSER) to provide data from vehicle crash tests. The 

in human harm resulting from vehicle modifica- 
predictors are updated quarterly by the staff of the Bio- 

mechanics group. The latest predictor (July, 1982) was tions) into benefits and costs. 
reported to be: 

The expanded side impact program has been developed AIS = 0.768 AV + .053 AGE -- 1.89 
to utilize this approach. In addition to completing the 

program for reducing thoracic injuries, the expanded pro, where AV is the peak relative velocity between the left 

gram includes research for the reduction of injuries to and right ribs. This equation is depicted graphically in 

the other body regions--the head, the upper and lower Figure 2. The technique for computing the AV is based 
extremities, the abdomen, and the pelvis. The vehicle on the work of Eppinger and Chan [11]. The final report 
component characteristics to be explored include those for this task is due April, 1983. 
of both the striking vehicle and the struck vehicle~ To The fourth task is the analysis of the mitigation con- 
accomplish this program, the effort has been divided into cepts. The analysis is to include the review of the padding 
four projects, These include: (1) S1--Side Protection: and improved structure. The report for this task is to be 
Thoracic Injury, (2) S2--Side Protection: General’ (3) completed in April, 1983. 
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TO2 TO4 

Vehicle                              Analysis of                       I Development of 

Component Mitigation 

~[ Mitigation 

Characteristics Concepts Hardware 

TO1 TO3 
l 

TO5 
I      TO8 

Problem Human ~ Test Evaluation of 

Determination Loading and 

~                      Surrogate 

Mitigation 

Tolerance Development Hardware and 
Test Procedure 

Test         TO6 
Procedure 

Development 

Figure 1. Project $1 side protectiom-thoracic injury. 

The fifth task involves the development of the test cadavers in pendulum and sled testing. The APR dummy 

surrogate. In this program, two side impact dummies have was designed to characterize the force-deflection prop- 

been extensively assessed--the dummy developed by the erties of cadavers measured in drop tests. Each dummy 

Highway Safety Research Institute of the University of has undergone considerable evaluation testing in identical 

Michigan and the dummy developed by the Association sled environments to which the cadavers were tested. 

Peugeot,Renault of France. The biomechanical charac- Shown in Figure 3 is the HSRI dummy in a sled envi- 

teristics of these devices have been developed utilizing ronment. The head, neck, and lower body are essentially 

results from cadaver tests. The HSRI dummy was de- the same as the Part 572 dummy. Shown in Figure 4 is 

signed to mimic the dynamic responses observed from the interior design of the thorax. The damper mechanism, 

the ribs, and the distribution of masses are clearly visible. 

The thorax is instrumented with twelve accelerometers. 

ACE Shown in Figure 5 is the APR dummy in a pre-test 

2o ~o 6o condition which is being used as a calibration test to verify 

the response characteristics before full systems or sled 

2                3                4               5 
AIS 

Figure 2. Side impact injury criteria (July 1982). Figure 3. HSRI side impact dummy in sled test enviror, mentl 
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the 85th percentile of the 1985 projected new car sales 
weight plus 300 pounds inertial weight in the vehicle. It 

was estimated that this weight represents the 1985 median 
level of striking vehicle weights which results in severe 
side impact injuries. A recently concluded study has re- 
vised the weight projection to total 3,000 pounds. The 
geometry of the face was based on data for 1978-1980 
model vehicles. The minimum and maximum bumper 
heights corresponds to the 50th percentile values of 1979 
two-door sedans weighted by vehicle sales. The other 
dimensions were selected from direct measurements of 
high sales volume cars. The lower and upper bumper 
heights are 13 and 21 inches, respectfully. The honeycomb 
core is 22 inches in height, 15 inches deep (19 at the 
bumper), and 66 inches wide. The bottom of the core is 
11 inches from the ground. The stiffness characteristics 
for the face were determined from an analytical study 
and from data collected from load cell moving barrier 
tests of 1979 and 1980 production cars. In comparing the 
:haracteristics of the honeycomb face to a Chevrolet 

ration, it can be seen that the load deflection character- 

Figure 4. Interior view of HSRI side impact dummy thorax. 

testing. The HSRI dummy has been selected for the com- 
pletion of the $1 project. While both dummies have dem- 
onstrated their biofidelity, the HSRI dummy was selected 
due to its immediate availability for the remaining project 
tasks. The latest modifications to the HSRI dummy in- 
cluded an improved connection of the ribs to the spine 
to retard the deterioration of leather attachment from 
repeated use. Also, a cable support has been incorporated 
to prevent the ribcage from sagging. A final report sum- 
marizing the dummy development shall be available May, 
1983. 

The sixth task is the development of the test procedure. 
The effort of this task is concentrated on finalizing the 
characteristics of the side impact barrier and in specifying 
the test procedure. The present version of the moving 
barrier impactor is constructed with a deformable alu- 
minum honeycomb face mounted to a framework car- 
riage. The most important characteristics of the impactor 
include the weight, the frontal geometry, and the force- 
deflection properties of the honeycomb face. Previous 
studies established the weight of the impactor at 3,450 
pounds. The studies were based on the accident data and Figure 5. APR side impact dummy pendulum test for cali- 
the probability of collision. The weight corresponded to bration. 
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istics for a 30 degree impact match very well through ten without changes to interior padding, (2) with various 
inches of deflection. (See Figure 6.) It should be noted impact points and angles, (3) with several impact veloc- 
that the maximum crush of striking vehicles in side im- ities, and (4) using car-to-car, barrier-to-car, and car-to- 

pacts is typically under ten inches, fixed object testing. Again, a part of the series has been 

An extensive test series is planned to evaluate the im- designed for a statistical analysis. 

pactor and test procedure for its realism and repeatability. In this case, the parameters are the structural config- 
This test series includes moving vehicle-to-moving vehicle uration, interior padding configuration, im pact angle, and 
crash tests as well as crabbed side impactor tests to sim- impact speed. 

ulate the moving-moving collisions. The test series’ pa- Accident reconstructions are also scheduled to provide 
rameters include the striking vehicle (Chevrolet Citation additional data for evaluating the relationship of crash 
and side impactor), impact angle (60 and 90 degrees), testing to real world accidents. Reconstructed accidents 

impact speed (40/’20 and 26/13 mph--striking vehicle also provide important information relative to accident 
speed/struck vehMe speed), and struck vehicle (Chevrolet injury mechanisms, establishment of injury criteria, and 

Citation and VW Rabbit). The test series has been de- the accuracy of our accident data files. 
signed such that the main effects and the various two- The final activity of this task is to perform the cost 

way interactions of the cited parameters may be deter- assessments. Detailed cost analyses are being performed 
mined from statistical analyses. The fin!l report for this for introducing the various vehicle modifications to the 
task is due May, 1983. production line. The final report for this task is due May, 

The seventh task is the development of mitigation hard- 1983: 
ware. For this project, structural modifications have been 
developed under contracts by the Budd Company, Min- 

S2 SIDE PROTECTION--GENERAL 
icars, and Volkswagenwerk AG. Additionally, padding 
studies were undertaken by Dynamic Science and the 
NHTSA Safety Research Laboratory. A final report sum- 

The second project for the expanded program empha- 

mafizing these activities is due May, 1983. 
sizes a new look at the side impact problem, While the 

The eighth and fin!l task for the completion of S1 is 
Sl project concentrated on the mitigation of thoracic 

the evaluation of the mitigation hardware. The evaluation 
injuries through improvements to the struck vehicle, the 

includes controlled crash testing, reconstructed accidents, 
S2 project examines the parameters for both the striking 

subsystems testing, and the cost assessment for the im- 
and struck vehicles. Additionally, all injury categories are 
considered. The planned tasks for this project are shown 

proved performance. 
To date, a considerable number of crash tests have been 

in Figure 7. As can be seen, the major emphasis shall be 

conducted for the development of the test devices and 
placed on problem determination. The information re- 

vehicle modifications. These have not been evaluation 
quired for this activity shall be generated through accident 

tests. With the test devices now developed, the planned 
data analysis, computer simulations, and baseline testing. 

effort is to assess the potential safety levels of baseline 
In the accident data analysis, a rigorous effort is 

and modified vehicles and to determine the sensitivity of 
planned for determining the effects of both accident and 
vehicle parameters. The accident parameters include the 

the test devices to varying crash environments. Crash tests 
are scheduled for the following conditions: (1) with and 

weights of the striking and struck vehicles, the impact 
speeds, the impact points, and the impact angles. The 
vehicle parameters to be examined are quite extensive. 

....... These include the bumper height, door configuration, seat 
~o~ configuration, door stiffness, striking vehicle profile and 

~ S~de Impac~or 

Figure 6. Comparison of force vs crush (side impactor versus 
citation). Figure 7. Project S2 side protection---general. 
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stiffness, etc. While the NCSS file was utilized as the 
primary s°urce °f accident data f°r the S1 pr°ject’ the I 

NCSS, the Fatal Accident Reporting System (FARS) and 
the National Accident Sampling System (NASS) shall be 
used for the $2 project. The primary emphasis shall be 
placed on the NASS data. 

Computer simulations are planned to supplement the 
information obtained from the accident data analysis. The 
objective is to better define the occupant kinematics and 
contacts that occur during side impact collisions. Para ..... 
metric studies of the vehicle characteristics shall be in- 
vestigated to determine their effect on occupant response. 
Lumped mass computer models shall be employed to Figure 8. Project $3 ejection and roof protection. 
simulate vehicle characteristics and response. The Crash 
Victim Simulator (CVS) shall be used for the occupant 
simulations, the impact speeds, the impact points, the impact angles, 

Another activity to support the problem determination and the accident mode and location. The vehicle param- 
is baseline testing. Limitations of the accident data and eters include the latch and hinge failures, column stiffness, 
computer simulation can be minimized through a judi- siderail flexibility, windshield retention, glazing, etc. The 
cious choice of crash test conditions. Crash testing also NCSS, FARS, and NASS data files shall be utilized for 
provides for the evaluation of potential problems arising these studies. 

........ from the use of prototype test surrogates. The final report Computer simulations are planned to supplement the 
........... for the Problem Determination task is due September, information obtained from the accident data analysis. 

1983. Again, the primary objective is to better define the oc- 
A variety of activities supporting the task for Human cupant kinematics and contacts that occur in accidents 

Loading and Tolerance is under way. Cadaver tests are involving ejection and/or roof contacts. This objective is 
being conducted at Heidelberg University to supplement particularly important since accident field data are ex- 

..... the data base for the development of response character- tremely limited in terms of defining the gross occupant 
istics and injury" criteria associated with the thorax. Tests motions associated with this accident environment. For 
are being conducted at Wayne State University to provide the vehicle simulations, the Highway Vehicle Object Sim- 
data for the knee, femur, and pelvis. Other activities have ulation Model (HVOSM) shall be used. The Crash Victim 
been planned. One includes addressing the injury mech- Simulator shall be used for the occupant simulations: 
anisms for the abdominal viscera. Cadaver tests are to be The third activity supporting the Problem Determi- 

....... conducted with objects (such as arm rests) to simulate a nation is baseline testing. Again, the limitations of the 
...... penetrating abdominal injury. Another activity is planned accident field data and computer simulations may be min- 

to conduct tests for supplementing the data base of head imized by selecting crash conditions that mimic the ac- 
injuries resulting from lateral impacts. The existing data cident environment. In particular, the crash tests shall be 
base consists largely of frontal impact tests in which the conducted such that a thorough analysis of ejection routes 
injuries resulted from blunt, short duration impacts. Fi- and roof interior contacts can be made. The final repo~ 
nally, an activity is planned for examining head-neck for the Problem Determination is due November, 1983. 
kinematics and injuries. The final report for Human Load- 
ing and Tolerance is due April, 1984. 

$4 ROOF RAIL AND PILLAR PROTECTION 

S3 EJECTION AND ROOF PROTECTION The fourth and final project for the expanded side 
impact program emphasizes protection from injuries re- 

The third project for the expanded side impact program sulfing from roof rail and pillar contacts. The planned 
emphasizes protection from injuries resulting from ejec- tasks for this project are shown in Figure 9. Here, too, 
tion and roof contacts. The planned tasks for this project the major emphasis shall be on problem determination. 
are shown in Figure 8. As in the $2 project, the major Again, the information required for the problem deter- 
emphasis for $3 shall be placed on problem determination, mination shall be generated through accident data anal- 
The information required for this activity shall also be ysis, computer simulations, and baseline testing. 
generated through accident data analysis, computer sim- The accident data analysis shalt include both accident 
ulations, and baseline testing, and vehicle parameters. The accident parameters include 

In the accident data analysis, both accident and vehicle the weights of the striking and struck vehicles, the impact 
parameters shall be analyzed. The accident parameters speeds, the impact points, and the impact angles. The 
include the weights of the striking and struck vehicles, vehicle parameters include the geometry, stiffness, and 
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way Traffic Safety Administration Research and 

f I~x’~] ]Jf 

Rulemaking Activities for Upgrading Side Impact 
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Protection," Proceedings of the Seventh International 

........ ~ ~o~7 ..... Technical Conference on Experimental Safety 

I ....... Vehicles, National Highway Traffic Safety Admin- 

I ! ~ istration, U.S. Department of Transportation, DOT- 
~’o~oo 

j/i ’d~’27 ...... "~"[i~ ~ ~°~ 

HS-805 199, December 1979. 

j 4. Eppinger and Partyka, "Estimating Fatality Reduc- 

i!~"i 
tions Associated with Safety Improvements," Pro- 

~,~ L,o,~= ceedings of the Eighth International Technical 
Conference on ExperimentalSafety Vehicles, National 

Highway Traffic Safety Administration, U.S. De- 
partment of Transportation, DOT-HS-805 555, Oc- 

Figure & Project $4 roof header and pillar protection,           tober 1981. 

5. Morgan and Waters, "Comparison of Two Promising 

padding on the roof rail and pillars. The NCSS, FARS, Side Impact Dummies," Proceedings of the Eighth 

and NASS data files shall be utilized for these studies~ International Technical Conference on Experimental 

Computer simulations are planned for parameter stud- Safety Vehicles, National Highway Traffic Safety 

ies involving head impacts into the roof rail and pillars. 
Administration, U.S. Department of Transportation, 
DOT-HS-805 555, October 1981. Head-neck interactions and contact speeds are two areas 

in which special emphasis shall be placed. The CVS model 6. Hollowell and Pavlick, "Status of the Development 

shall be used for the analysis, of Improved Vehicle Side Structures for the Upgrade 

The final activity shall be baseline testing. The tests of FMVSS 214," Proceedings of the Eighth lnterna- 

shall be conducted using the head impactor. Tests shall tional Technical Conference on Experimental Safety 

be conducted at various speeds, angles, and impact points. Vehicles, National Highway Traffic Safety Admin- 

The final report for this task is due October, 1983. istration, U.S. Department of Transportation, DOT- 
HS-805 555, October 1981. 

7. Shaw and Clark, "Side Impact Restraint Develop- 
SU MMARY ment and Evaluation Techniques," Proceedings of the 

Eighth International Technical Conference on Exper- 
The program for side impact research will continue to imental Safety Vehicles, National Highway Traffic 

receive emphasis in the Agency research program. An Safety Administration, U.S. Department of Trans- 
extensive effort is planned to complete the work on tho- portation, DOT-HS-805 555, October 1981. 
racic injury during the next year. The new projects era- 8. Davis and Ragland, "Development of a Deformable 
phasize problem determination and shall be concerned Side Impact Moving Barrier," Proceedings of the 
with both the striking and struck vehicles involved in the Eighth International Technical Conference on Exper- 
side impact accident. Special attention shall be made to imental Safety Vehicles, National Highway Traffic 
each body region and the associated injuries. Safety Administration, U.S. Department of Trans- 

portation, DOT-HS-805 555, October 1981. 
9. Burgett, "Status of Program for Improving Side Im- 
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A Force Measuring Mechanical Test Device for Estimating and Corn. 
paring the Energy Absorbing Characteristics of Vehicle Interior Side 
Panels_ 

ROGER P. DANIEL, MAX S. KOGA, Indentation in the foam will be measured. The lower 

PRIYA PRASAD, and CARL D. YOST section consists of a wooden form and a hinged contoured 

Ford Motor Company" metal bar with provision for measuring acceleration of 
the wooden form and force between the wooden form 

......... and the metal bar. These three sections are intended for 
.......... ABSTRACT mounting in a test fixture such that the relative locations 

of the upper, middle, and lower sections will approximate 
A laboratory mechanical test device for estimating the the relative locations of the chest, abdomen, and hip of 

relative energy absorbing and, to some extent, the force a 50 percentile male dummy. 
distributing characteristics of vehicle interior lateral com- The device is being designed to be used with only slight 

........... ponents is being designed with the objective of generating modifications on either a pendulum, a linear propulsion 
data that wil! provide meaningful comparisons of such device, or the Hyge Sled with a body buck or component, 
components. The device consists of upper, middle, and providing a laboratory simulation of a 90 degree side 
lower sections, impact test. 

The upper section is a one-piece, padded semi-circular The test device, if successfully developed, may permit 
damped spring-mass system. Lateral force, displacement comparative assessments of vehicle components early in 

.......... and acceleration will be measured. The middle section the design process. 
.......... consists of a solidly supported semi-circular foam insert. 

INTRODUCTION 

An experimental impact test device is being developed 
by Ford Motor Company to help determine the energy 
absorbing and load-distribution characteristics of vehicle 

lateral interior components in the 90 degree impact con- 
figuration. The device has approximate biomechanicat 
equivalence to male cadaver load-deflection data in the 
simulated areas of the rib cage, abdomen, and pelvis. The 
device may be propelled into the vehicle component to 
be tested by being swung as a pendulum, by linear guided 
or free flight devices, or by use of the Hyge Sled. 

OVERALL DESCRIPTION 

The 45 kg test device (Figures 1-2) consists of a or~e 
piece, non-articulated steel back-up structure (see Figure 
5) to which are attached three subsystems--a "chest" 
unit (Figures 3, 4), an "abdominal" unit (Figure 5), and 
a "pelvic" unit (Figure 6). Provision also has been made 
to attach an optional dummy head and neck to the steel 
backing structure as seen in Figures 1 and 2. This adds 
6.9 kg to the mass of the test device. Both a flat and a 
25 degree angled piece of slippeD’ plastic (to approximate 
the seat back angle) are available for the bottom of the 
test device if the test calls for the device to slide on a 
"seat" surface during the test. 

THE CHEST UNIT 

Figure 1. Side impact test device shown in front view with The 18.9 kg simulated chest unit (Figures 3, 4) consists 
optional head and neck. of a laterally guided, padded 4.6 kg moveable mass po- 
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Figure 4. Chest unit assembled to backing plate. 

Figure 2. Side impact test device shown in ~ rear view. 

sitioned to represent the lateral chest wail (rib cage) of a 
dummy. Inward movement of the simulated chest wall 
is resisted by a 75 mm diameter by 150 mm long natural Figure 5. Styrofoam abdominal unit which mounts to the 
rubber cylindrical spring/damper. The rubber cylinder central portion of the backing plate. 
acts against a 22 kN load cell mounted as part of the 
moveable section. Pre-compression of the rubber spring/ 
damper is provided by an adjustable steel plate at the 
backing plate end of the cylinder. 

Figure 3. Exploded view of chest unit which mounts to upper Figure 6. Exploded view of the pelvic unit which mounts to 
portion of the steel backing plate, the lower portion of the backing plate, 
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Instrumentation for the chest unit is the load cell de- 
scribed above, a linear potentiometer to measure moving EFFECT OF OUTER CHEST SURFACE PADDING 

mass displacement, and two accelerometers; one on the .o. SAME ,~s~ co.o,T,o.s ,’ ; / 

back-up plate and one on the moveable mass. 

SPRING/DAMPER/PADDING 
DEVELOPMENT 

Dynamic b~omechanic~ data for human cadaver chest 
wall later~ stiffness from tests conducted at Association [ .... ,~.c....=,T. j 
Peugeot-Renault (APR) (1) were utilized in the devel- 
opment of this test device. Cadavers were dropped lat- 
erally against padded load cells positioned in line ~th 
the fib cage. The resulting load-deflection band from a 
number of these cadaver tests is plotted in Fibre 7. A Figure 8. Typical plot of impact tests poaormed on several 

............. spfin~/~mper for the mechanical test device was sought paddings. 
that would bring the chest unit within the APR load- 
deflection band when the inertia of the moving mass was 
~so taken into account, would defo~ repeatedly without 
~age up to 75 mm, and would fit within the confmes 

st~ck a stationa~ load cell at speeds up to 32 km/h. of the desi~ concept. After studying va~ous metal sp~ng 
systems and pneumatic ~d hydraulic damper units, an The test set up is shown in Figure 9. A comp~son 

el~tomefic device was chosen as most closely meeting between the test results and the CRUSH-II model results 

desi~ and peffo~ce objective, for the final design is shown in Figure 10. 

~e CRUSH-II math model was employed to blend 
the characteristics for the spfin~damper and the external 

THE ABDOMINAL U NIT 
"flesh" simulation (padding) for a minimum 3.6 kg in- 
enia~ mass at an impact speed of 28-32 ~. ~e model 

~e 4.5 kg simulated abdominal unit (Fibre 5) consists predicted that the chest outer surface padding would have 
of a shaped section of Dow Styrofoam DB (TM), backed a considerable effect on the results, even though the pad- 

ding only absorbed a small amount of the total energy, up by the central potion of the steel backing structure, 

~s effect is s~n in Figure 8 which is a typical plot of 
and held in place by point~ screws through side plates 

(Fibre 11). The Styrofoam is kept from shattering by a impact tests perfumed on several paddings with the same 
el~tomefic spfin~damper, as described below, 

b~shed-on elastomefic film. ~e Styrofoam has a min- 
imum dynamic resistance of about 170 kPa, probably a 

The model predictions were evaluated on a horizontal 
low value for abdominal penetration. Penetration into the mini-sled. A 25 kg moving mass, to which was mounted 
foam surface is the only measured cfite~on. the ~bber spfin~damper cylinder and a padded plate, 

APR RIB CAGE LATERAL LOAD-DEFLECTION BAND 

CHEST SECTION TEST SET-UP 

rCHES~ OUTER SURFACE PA~)0~NG 

Figure 7. The resulting load-deflection band from cadaver r .... 
tests. Figure 9. Test set up for Cmsh-II model. 
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CRUSH~ MODEL PREDICTION VS. TEST RESULTS        ANATOMY OF THE UPPER FEMUR-HIP SOCKET AREA 

Figure 10. Comparison between test results and Crush-II    Figure 13. Lateral load applied to the femur foward of the 
model results for the final design,                       trochanter. 

THE PELVIC UNIT 

The 21.6 kg simulated pelvic unit (Figure 6) consists 
of a wooden spacer, backed up by the lower portion of 
the steel back plate, to which spacer is bolted a hollowed 
out cold molded "Blak-Tufy" (2) rubber section shaped 
to the outer lateral contour of the Part 572 dummy pelvis. 
A 22 kN load cell, located in three dimensional space at 
the anatomical location of the dummy acetabulum (hip 
socket), is loaded through a hinged femur simulation (Fig- 
ure 12). 

When a lateral load is applied to the femur forward of 
the greater trochanter location (Figure 13), th~ femur 
tends to simply move out of the way with reduced like- 
lihood of serious damage to the pelvic structure. There- 
fore, it was believed that only loads on or very near the 

Figure 11. Close-up of abdominal insert and retaining greater trochanter would create the possibility of fracture 

screws, of the acetabulum or of the femur head or neck. Thus, 
only those loads transmitted directly into the acetabulum 
area are measured by this test device. 

Figure 12, Close-up of the pelvic unit femur simulation and    Figure 14, lium simulation which is inserted into the upper 
hip socket load cell.                                  portion of the pelvic unit flesh simulation. 
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The upper flared out portion of the ilium, i.e., that REFERENCES 
upper portion of the hip bone that can be felt just below 

the waist, is simulated by a shaped, replaceable metal 1. R. L. Stalnaker, C. Tarfi~re, et al., "Modification of 
......... section (Figure 14)protruding laterally outward from the Part 572 Dummy for Lateral Impact according to 

wooden spacer in a cavity in the rubber flesh simulation. Biomechanical Data," pg. 841, Proceedings of the 23rd 
This metal section, which is currently bolted to the Stapp Car Crash Conference. 
wooden spacer, was designed so that at a later date it can 2. Blak-Tufy Cold Molding Compound, The Perma-Flex 
be mounted to the spacer by one or two load cells if Mold Company, 1919 E. Livington Ave., Columbus, 
measurement of load into the upper ilium is desired. Ohio, 43209. 

Evaluation of improved Protection and Dummy Biofidelity 
in Side Impact 

.......... DOMINIQUE CESARI nally unchanged (same impact angle, velocity, etc .... ) 

Organisme National de Securit  Routi ,re for the series of tests, the modified and unmodified Rab- 

Laboratoire des Chocs et de Biomecanique bits provided, of course, different impact environments 
for the test subjects. 

ARNOLD K. JOHNSON Unembalmed cadavers were used as test subjects. Each 

.... National Highway" Traffic Safety’ was seated in the driver’s position, and impact occurred 

........ Administration in the region of the driver. These impact tests are replicas 
of earlier tests conducted at Dynamic Science, Inc. 
(DSI)*, with two differently designed side impact dum- 

ABSTRACT mies. One dummy (SID) was developed by the Highway 
Safety Research Institute (HSRI) described in (1), and 

........... A series of tests has been conducted in which un- the other was developed by the Association of Peugeot- 
...... modified and modified Volkswagen Rabbits have been Renault (APR) described in (2). Each dummy was ira- 

laterally impacted in a simulation of a real world lateral pacted once in an unmodified Rabbit. 
crash. The modified Rabbits had reinforced side struc- Table 1 summarizes the impact tests conducted with 
tures and additional padding to help mitigate impact in- cadavers at the Organisme National de Securit~ Routi~re 
jury severity. Unembalmed cadavers were used as test (ONSER) and with dummies at DSI. 
subjects. Each was seated in the driver’s position, and 

.... impact occurred in the region of the driver. These impact Table 1. List of test conducted together with test identifi- 
tests are replicas of earlier tests conducted at a different cation number. 

test facility with two differently designed side impact Rabbit 
dummies. These tests showed that the modified Rabbit 
mitigated injury severity compared to the unmodified 

Laboratory Surrogate Unmodified Modified 

Rabbit. The tests also compared the responses of the 
DSI APR 6.1 6.2 

SID 6,4 6.3 
corresponding laterally oriented accelerometers mou~ted ONSER CADAVER t BMD 01 
to the chest of the dummies and cadavers in the two CADAVER 2 BMD 02 
impact environments, that of the modified and that of CADAVER 3 BMD 03 

the unmodified Rabbits, 

The cadavers were instrumented with an array of linear 
accelerometers mounted to the chest (Figure 1). Both 

INTRODUCTION dummies had a similar array of accelerometers mounted 
at anatomically equivalent locations on the chest. The 

A series of tests has been conducted in which un- dummies were designed so that the responses of their 
modified and modified Volkswagen Rabbits have been laterally oriented accelerometers matched fairly closely 
laterally impacted in a simulation of a real world lateral the corresponding responses of laterally oriented acceler- 
crash. The simulated crash was equivalent to an Olds- ometers mounted to the cadavers in lateral impacts (1). 
mobile Cutlass impacting the driver’s side of a Rabbit. At least for the impact environments like those reported 
The modified Rabbits had reinforced side structures and 
additional padding to help mitigate injury severity in side 

* These earlier tests were performed under Contract DOT-HS-8-0193 between Dynamic Science, 

impacts. Although the simulated crash remained nomi- ~nc. and the National Highway Traffic Safety Administration. 
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Vertical and Normal (+ away) 

Normal (+ away) 

~ ~ Normal to Body 

~ 
Normal to Body 

Normal 
to Body ~’i ~ 

)Normal to Body 

Horizontal and Normal 

(+ away) 
Accelerometer Locations (Front View) 

Accelerometer Locations (Back View) 

Figure 1. Location of thoracic accelerometers. 

in (1), the mechanical responses of the dummies appeared DESCRIPTION OF THE CRASH 
to mimic those of the cadavers. To that extent at least, CONFIGURATION 
the dummies had biofidelity. Since in this present paper 

at least one cadaver was tested in the same impact en- As already discussed, a real world side impact crash 

vironment as the dummies, a similar comparison of re- was simulated with a modified and an unmodified Volk- 

sponses can be made. However, these two impact swagen Rabbit being impacted in the region near the 

environments, especially that of the unmodified Rabbit, driver. The impacting "bullet" vehicle was a specially 

were closer to real world crash environments than in the designed side impactor whose crush characteristics were 

earlier impact tests of (1) conducted on a sled. Thus, these such that its impact was equivalent to an Oldsmobile 

cadaver tests help to establish the dummys’ biofidelity in Cutlass impacting an unmodified Rabbit. Its development 

real world crash environments, is described in (3). 

Since cadavers can be injured, they indicate directly A schematic of the impactor is shown in Figure 2. At 

impact injury severity. Their injury severity is reported the right of this figure is a 72 inch wide crushable im- 

for each of the two impact environments, that of the pacting barrier designed to exert a controlled force during 

modified and that of the unmodified Rabbits. impact. However, for the tests being reported, an im- 

pacting barrier with different crush characteristics was 

used. The size and shape of this barrier is shown in Figure 

3. Some limited data on its dynamic crush characteristics 

when mounted to the side impactor are given in (3). 

The objectives in conducting the series of impact tests Simple schematics of the crash configuration are shown 

with cadavers were as follows: in Figures 4 and 5. For the convenience of having the 

(1) To establish the degree of improved capabilities of target Rabbit stationary, the real world configuration in 

the modified Rabbit to mitigate injury severity compared Figure 4 was modified to that shown in Figure 5. The 

to the unmodified Rabbit as assessed by the injury severity velocity of the impactor has been changed and its wheels 

to the cadavers, turned at an angle (crabbing). Except for some changes 

(2) To compare the responses of the corresponding in the friction exerted by the surfaces on the tires of the .... 

laterally oriented accelerometers mounted to the chest of two vehicles, the two impact configurations in Figures 4 

the dummies and cadavers in the two impact environ- and 5 are mechanically equivalent. The change in the 

ments, frictional forces can be assumed to be small compared to 
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Leng~ = 143" 

/ 

ii~ 
"--~ q--T.~ VENICLE 1 

S i 
(AT REST) 

Retie 

b~lest Removable 
Aluminum 

plates ballast 
, 

fF 
t’~ Removable structural n -tares 

O’~eratl length = 173" 

Figure 2. NHTSA side impactor configuration (4 wheeled 
vehicle simulator (reproduced from (:3)). 

~TOW TRACK 

* = ~ "--~ Figure 5. Crabbed side impactor-to-car 60° impact simula, 

the overall crash forces. The crush measurements of an 
unmodified Rabbit for the crash configuration, shown in 

IT greater detail in Figure 6, with the side impactor were 
.......... comparable to the crush measurements of an unmodified 

Figure a. Dimensions ef side impactor honeycomb face. Rabbit for the real world crash configuration in Figure 
4 with an Oldsmobile Cutlass. This is the basis for saying 
that the crash simulated the Rabbits’ being impacted by 
an Oldsmobile Cutlass. 

VEHICLE 1 

INJURY ASSESSMENT OF THE 
CADAVERS 

Three cadaver tests were conducted: two with a men!- 
ified Rabbit and one with an unmodified Rabbit (base- 
line). The three cadavers were selected carefully according 

V1 to their medical history, the cause of death, their age and 

(15 blP H ) their anthropometry. The characteristics of these three 
cadavers are listed in Table 2. 

The comparison of characteristics of the three cadavers 

shows that the Test BMD 01 cadaver was smaller than 

VEHI CLE 2 
the two others; but the detailed anthropometry indicates 
that its torso has about the same length as the two others; 
this means that relative to the vehicle, the pelvis, the 
thorax, the shoulder and the head were all approximately 
at the same height. The cadavers were prepared before 

i 
__ the test with a special liquid injected through the carotids 

into the brain. The liquid permits identifying brain injuries 
V2~ k3%°’~ by post-test dissections of the brain. 

(30 N.PH) I The injuries were recorded during an autopsy made a 
few days after the test. The severity of these injuries found 

Figure 4. Collision to be simulated, during the autopsy are listed in Table 3. 
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Figure 6. Test configuration in greater detail. 

Analysis of injuries sustained by the three cadavers ribs: 2 to 4 on right side and 10 to 14 on the left side. 

during side impact tests allows us to make the following The difference in AIS values depends on the presence 

remarks: of a flail chest or not. It has to be pointed out that 

the AIS scale is not very sensitive to the severity of 
(!) Only one cadaver sustained a minor head injury which 

thoracic injuries. 
was a temporal wound (AIS 1). There was no evidence 

of brain injury for the three cadavers, and the dis- The protection provided by the modifications to reduce 

secting of the injected brains did not show any hem- thoracic injury severity is not as beneficial as for the pelvis. 

orrhage. However, it should be noted that the modifications to the 

(2) The cadaver which was in the unmodified Rabbit Rabbit decreased the severity of thoracic injuries from 

baseline sustained pelvic fractures (AIS 3) and a mid- AIS 4 to AIS 2 for cadavers of approximately the same 

dle shaft fracture of the left femur (AIS 3). The other age (Tests BMD 01 and 02). The value of AIS 4, found 

cadavers did not sustain any injury to the pelvis or in Test BMD 03, could be due to the cadaver’s greater 

to the lower limbs. This can be related to the com- age. 

bined protection provided by the padding and the 

reinforced side structure. DISCUSSION OF THE DAMAGE TO EACH 
(3) All the cadavers showed abdominal injuries to the CRASHED VEHICLE 

spleen and/or to the liver. However, how well these 

injuries would compare to the living is uncertain. 
The results of seven tests are analysed in this study: 

(4) All the cadavers sustained a large number of fractured 
three tests with an unmodified VW Rabbit (one for each 

Table 2. Type of rabbit and cadavers characteristics. 
Table 3. Body segment AIS values (reference to 1980 AIS 

ONSER BMD 01 BMD 02 BMD 03 (4)). 

Test Number 
Type of rabbit Unmodified Modified Modified Test number BMD 01 BMD 02 BMD 03 

Age (yrs) 40 43 55 Head 0 1 0 
Sex (M or F) F M M Thorax 4 2 4 
Weight (kg) 59 70 74 Abdomen 4 3 3 
Height (m) 1.67 1.75 1.74 Pelvis 3 0 0 
Torso length (cm) 87 85 84 Lower limbs 3 0 0 
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human surrogate) and four tests with a modified VW in fact, this corresponds to a swinging OUt process of the 
Rabbit (two cadaver tests and one with each dummy left side of the deformable element of the barrier due to 

type), the asymmetry of the impact on the barrier. 

......... For all the tests the car deformations and the impacting The deformations of the four modified cars are similar 

.............. moving barrier deformations have been recorded with as indicated by Figure 9; with this car the test seems very 

similar procedures, repeatable. The amount of crush is lower at the bottom 
The deformations are recorded by measuring the po- and is in the same order of magnitude at the three other 

sition of self-adhesive targets before and after tests. These levels. This means that in front of the driver, the crush 
targets are placed at four levels as indicated on Figure 7. of the struck car was about the same magnitude from the 

These four levels are distributed from the lower window shoulder level to the pelvis level. 
........... level (level A) to the bottom of the doors (level D). Level The deformations of the barrier front end decrease from 

A corresponds approximately to the location of the shoul- the bumper level to the top of the stack. The deformations 

der and the upper thorax of the driver in the struck car; of the barrier are similar for the four tests except to the 

level B corresponds to the lower thorax and level C cor- left comer point for which a skidding process could ex- 

responds to the pelvis. Curves of the crush of the cars plain this slight difference. 

are presented for each of these four levels. Measurements If we compare the deformations of a modified Rabbit 

were made at each target location, and of a baseline Rabbit, differences appear clearly as 

For the deformation of the moving barrier we have indicated by Figure 10. The modifications of structures 

used the same general procedure except that the defor- on the Rabbit decreased the amount of crush at the 4 
mations were recorded at only three levels, which are at levels at which the deformations were recorded, and then 

the top of the stack, at the mid point of the stack and at increased the protection given to the occupants (5). 

the bumper level. The most important effect in crush reduction is found 

If we consider the deformations of unmodified (base- at level C, which is the level of the pelvis. For this level 

line) cars, two of them (Test BMD 01 and Test 6.1 as the reduction of maximum crush is about 40%. This can 

specified in Table 1) sustained similar deformations in be related to the reduction of pelvic injury severity. 
terms of shape and of amount of crush, as shown by 
Figure 8. For the third unmodified Rabbit (Test 6.4) the THE CHEST MOUNTED LINEAR 

............ depth of the crush was about 25% higher at the levels A ACCELEROMETERS 
........... and B (thoracic level) than for the Tests BMD 01 and 

6.1. The difference was not so great at the pelvic level. 
Figure 1 establishes on a human skeleton the location 

In the vertical distribution of the deformations, the 
and orientation of each of the linear accelerometers of 

minimum value is found at the lower level D for which 
the side beam stiffens the cars’ sides; the maximum crush 

the array mounted to the chest of the cadavers. This array 

occurred at level C, which is the pelvic level of the driver 
of accelerometers has been used in other programs (6). 

of the struck car. The depth of the crush at the levels of 
A similar array was mounted to the chest of the two 

the thorax and the shoulder is approximately 20% lower 
dummies at anatomically equivalent locations.* Since the 

than the value recorded at the pelvic level. It is also 
impacts were all lateral, it was the responses of the lat- 

noticeable that for the three upper levels the maximum 
erally oriented accelerometers that were of interest. 

deformation recorded is to front of the driver. The de- 
formation to the front of the impacting moving barrier COMPARISON OF ACCELEROMETER 
is not too extensive when impacting the unmodified Rab- RESPONSES 
bits. The deformation is similar for two tests (BMD 01 
and 6.1). As stated, the tests conducted with cadavers at ONSER 

For Test 6.1 a "negative" deformation was recorded; were replicas of tests conducted earlier at DSI with dum- 
mies. ONSER constructed a replica of the side impactor 
used at DSI and the crushable fronts at both test facilities 
were from the same manufacturer lot. The time zero event 
at both facilities was the closing of a switch by the im- 
pactor as it struck the Rabbit. It was felt, however, that 
this time zero event could vary a few milliseconds between 

A_,, the two facilities. Thus, the comparison of the accelerom- 
B_ o, eter responses between the cadavers, which were tested 

~’3’o at ONSER, and the dummies, which were tested at DSI, 

o 

*The linear acceterometers used on both the dummies and cadavers were Endevco 

Figure 7. Target locations on side of tested Rabbits. 2264-2ooo. 
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Figure 8. Unmodified Rabbit side deformations. 
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Figure 9. Modified Rabbit side deformations. 

475 



EXPERIMENTAL SAFETY VEHICLES 

,I 

~o~ t~t 

meaun values of deformations 
baseline 

~ " ~--- ..... : I /, !~--:,~ 
A modified 

baseline 

B ~0~ modified 

I baseline                            . 

/’7        , __ 
1     ,’~..~. 

C ~0/~ modified 

baseline 

, i ,’ 

~ ---"~"_ -- .__ ..__ .... --_. ,-.. 

modified 

Figure 10. Unmodified and modified Rabbits side average deformations. 
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was accomplished by having the peak of each response 
curve aligned at the same instant of time. This procedure 

(LATERALLY ORIENTED) 

eliminated the effect of possible variation in the location 
of a cadaver response curve relative to the location of a 

LEGEND 

dummy curve. By this procedure the curves could more 
accurately and meaningfully be compared. 

However, when comparing only cadaver response 
curves such a procedure was not required, because all the 
cadaver tests were conducted at ONSER with the same ~ PEA~S ~ 90~. ,96o6 

~ 
() 876, 9746 

impactor for all the tests. Furthermore, it was important                                       ~ 38.6,. 19304 

to compare cadaver responses relative to a common time 
zero event. The time at which a response initiated relative 
to time zero was different depending on whether the sub- 
ject was in a modified Rabbit in contact with padding 
prior to impact or in an unmodified Rabbit approximately 
six inches from the door. Such differences in response 
initiation times are important in analyzing the injury po- 
tential of the two crash environments. 

CADAVER ACCELEROMETER RESPONSE 
...... IN THE MODIFIED AND UNMODIFIED 
......... RABBITS 

Figures 11 through 17 are a series of overlays of the ~J .... 0100    401.00    6000 80.00 10000 12000 

responses of the laterally oriented accelerometers TIME(MILLISECONDS) 
mounted to the chest of the three cadavers. The differ- 
ences among these curves will be discussed in this section. 

Figure 11. 

Reference is made to Tables 2 and 3 which give infor- 
mation about the cadaver subjects and the assessment of ~OUNTED ON 

THE LEFT LOWER R~B 
(LATERALLY ORIENTED} injury severity in terms of AIS (4). Table 1 identified that 

Test BMD 01 was with an unmodified Rabbit and that ONS~R 

Tests BMD 02 and BMD 03 were nominally identical LEGE~0 
.......... impact environments. Differences in accelerometer re- ~; ~08~002 

sponses and injury severity for these Tests BMD 02 and 
2~ ~oo1 

BMD 03 have to be attributed to differences in the ca- 
davers. ~EA~S ~ ~o~,, lO88O 

Table 4 summarizes the peak accelerometer response ~ 1~11.969, 3518, 16414 

for all three cadaver tests. Except for the lower spine, the 
peaks are in the descending order of BMD 01, BMD 03, 
BMD 02. This is the same descending order as the AIS 
injury severities recorded in Table 3. Peak accelerometer 
responses for similar impact environments generally cor- 
relate with injury severity as it does for these tests. 

For Tests BMD 02 and BMD 03 with modified Rabbits, 
the cadavers were in contact with padding prior to impact. 
For Test BMD 01 with an unmodified Rabbit, the cadaver 
was about six inches from the side of the door. As would 
be expected, for the cadavers in contact with the padding 
their response curves begin earlier than the BMD 01 curve oi 

with the unmodified Rabbit. Also for the modified Rab- 
bits the curves generally rise to a low level before later 
rising to a peak response which then rapidly declines. 
These peaks are significantly lower than for the unmod- 

20oo    ,ooo    ~ ........ oo ...... 

ified Rabbit, except for the right lower rib (Figure 14). 
T,~ 

It should also be noted that padding distributes the crash Figure 12. 
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Figure 13. Figure 15. 
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GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMETER 
MOUNTEO ON THE PELVIS MOUNTED ON 

FOR (LATERALLY OR~ENI"ED} 
ONSER CADAVER TESTS FOR 

SID DUMMY AND CAOAVER 
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LEGEND 
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3036, 18683 
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Figure 17. Figure 18. 

forces on the cadavers and thereby mitigating the forces’ 

injury potential. 

In summary, the modified Rabbit generally lowered G ..................... 
MOUNTED ON 

THE LEFT LOWER the peak accelerometer responses compared to those in (LATER .... ORtENTED) 
FOR 

the unmodified Rabbit.                                                B,D oo ..... D D ..... 
IN UNMODIFIED RA[~BIT 

LEGEND 

COMPARISON OF THE RESPONSES OF0’,sip 
THE HSRI DUMMY AND A CADAVER IN UN- 
MODIFIED RABBITS 

2221, 17981 

Reference is made to the set of Figures 18 through 24 

which compare the response curves of the HSRI dummy         ~ ~ 

and a cadaver. The anthropometric measurements of the 

cadaver are those for ONSER Test BMD 01 listed in 

Table 2.                                             ~ ~ 

g. 

Table 4. Peak values of G of the laterally oriented accel- 
erometers. 

ONSER test numbers 
~ 

~ 

Location BMD 01 BMD 02 BMD 03 

Pelvis (center) 114 53 64 ~- = ~ /~ 
Spine (lower) 139 58 49 
Spine (upper) 150 75 112 
Rib (left-up) 193 98 137 ~ i ~ ~ , 

000 2000 4000 E~C~ 3000 10000 12000 
Rib (left-low) 164 87 106 
Rib (right-up) 145 70 80 ~,~6 

Rib (right-low) 115 bad data 151 Figure 19. 
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GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMETER 

MOUNTED ON MOUNTED ON 

THE R~GHT UPPER RIB THE UPPER SPINE 

tLATERALLY ORfENTED) (LATERALLY ORIENTED) 
FOR FOR 

S~D DUMMY AND CADAVER SlO DUMMY AND CADAVER 
IN UNMODIFIED RAB£1T IN UNMODIFIED RABBIT 

LEGEND 
LEGEND 

:; 8MD-01 (CADAVER) 
8MD-0f (CADAVER) 

64 {S~D DUMMY) 64 (S~D DUMMY} 

~+ PEAKS L~3 1499, 15021 
© 69.85, 127.77 

o~o 002 oo4 ODE DO8 0,o 0~ ~ ~ ~V ~ ~ ~ 
000 20~ 00 4O00 60       00 12000 100.00 8000 

T~ME (SECONDS) TiME (MILLISECOND) 

Figure 20. Figure 22. 

GRAPH FOR ACCELEROMETER 
MOUNTED ON GRAPH FOR ACCELEROMETER 

MOUNTED ON 
THE RIGHT LOWER RiB THE LOWER SPINE 

FOR (LATERALLY ORIENTED) 
FOR 

S~O DUMMY AND CADAVER                                                            SID DUMMY AND CADAVER 

LEGEND 
LEGEND 

~ I 1           ~           I I t ~0100 002 0,04 006 008 010 0 ~2 

O C~ 002 004 0 06 0 08 010 0 12 
TIME (SECONDS) 

TtME (SECONDS) 

Figure 21. Figure 23. 
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GRAP" FOR AOOE~ERDMETER 
Finally the pelvis response (Figure 24) shows a lot of 

MO~N~EO ON ringing in both subjects but with good agreement in the 
THE PELVIS 

(LATERALLY ORIENTED) FOR peaks. This location for an accelerometer may not be wise 
S~D DUMMY AND CASAVER 

........ IN ~NMOD,F,EO RA~B,T because of the ringing. 
.......... LEOENO It should be noted that experience demonstrates that 

: BMD-01 (CADAVER) 

there is a wide scatter in accelerometer responses from 

~[t f 

one cadaver to the next even for the same impact envi- 
ronment. So far there is only data for one cadaver in an 
unmodified Rabbit. Another test, however, is to be con- 
ducted~ 

In the next section, the performance for the HSRI 
dummy is compared against two cadaver tests in the 
modified Rabbit impact environment. 

COMPARISON OF THE RESPONSES OF 
THE HSRI DUMMY AND TWO CADAVERS 
IN MODIFIED RABBITS 

Reference is made to the set of Figures 25 through 31 
which compare the response curves of the HSRI dummy 
and two cadavers. The anthropometric measurements of 

~ andthe cadaversBMD 03.are listed in Table 2 under Tests BMD 02 
0oo 0!0~ 0’0, O’OE 0!08 8!1o 0’1~ A review of this set of figures fails to show the close 

TIME (SECONDS) 

agreement between any of the curves comparable to that 

Figure 24. of Figures 18 and 19 for the HSRI dummy in the un- 
modified Rabbit. For all accelerometer locations, except 

A review of the above set of figures establishes that the 
two responses whose curves are in closest agreement are 
Figures 18 and 19. These are respectively the responses GRAPN FORMoUNTEDACCELEROMETERoN 

THE LEFT UPPER RIB 
of the left upper rib and the left lower rib. Since both test ~ ......... ORIENTED) 

FOR 

subjects, the cadaver and dummy, were impacted on the S,D DUtN .......... MOO,FlED RA~BI~sO CADAVERS 
left side by the door, the responses are "driven" by the LEGEND 

g d bj lly E3 /S,D 
impactin DOt. Since each su ect was exposed nomina ~MD-0~ ~D ..... ER~ 

BMD-03 (CADAVER) 

to the same impact environment, it is reasonable that 
these responses are in close agreement, o 

The remaining five pairs of response curves of this set 
are for points which are removed from the region of 
impact. The degree to which these pairs of curves agree 
reflects the mechanical equivalence of the dummy to the 
cadaver. The upper spine and lower spine (Figures 22 

and 23 respectively) are the next curves which sh°w the ~ ~ best agreement. However, the curve for the HSRI dummy 
in Figures 22 and 23 attains a significant negative peak, 
Since this feature is reflected for both the upper and lower 
spine, the feature cannot be viewed as an artifact. The 
HSRI dummy undergoes a ringing not reflected in the 
cadaver’s response. 

Of the remaining set of responses, those of the right 
upper rib in Figure 20 are the next best in agreement in 
terms of both the duration of the initial pulses and their 
magnitude. The worst are the pair of curves in Figure 21 
for the right lower rib. The duration of the initial pulses 

TIME (SECONDS) 

is good, but the HSRI dummy has a peak response ap, 
proximately twice that of the cadaver. Figure 25. 
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GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMETER 

MOUNTED ON MOUNTED ON 

THE LEFT LOWER RIB THE RIGHT LOWER RIB 
(LATERALLY ORIENTED) (LATERALLY ORIENTED) 

FOR FOR 
S~D DUMMY AND TWO CADAVERS SID DUMMY AND TWO CADAVERS 

iN MODIF~ED RABBITS ~N MODIFIED RABBITS 

LEGEND LEGEND 

63 iS}D DUMMY) 63 (S~D BUMMY) 

! BMD÷02 (CADAVER) BMD-02 (CADAVER) 
:~ SMD÷03 (CADAVER) ,/~ BMD-03 (CADAVER) 

004 000 008 010 012 000 002 0.04 006 008 010 012 
T~ME (SECONDS)                                                                                                       TIME (SECONDS) 

Figure 26. Figure 28. 

GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMBTER 

MOUNTED ON MOUNTED ON 

THE FLIGHT UPPER RIB THE UPPER SPINE 

(LATEFLALLY ORIENTED) (LATERALLY ORIENTED) 

FOR FOR 

S!D DUMMY AND TWO CADAVERS SfD DUMMY AND TWO CADAVERS 
iN ,MODIFIED RABBITS IN MODIFIED RABBITS 

LEGEND LEGEND 

63 !StD DUMMY) {1 63 (SID DUMMY) 

BMD-02 (CADAVER) O BMD-02 (CADAVER) 

~ BMD-03 (CADAVER) A BMD-03 (CADAVER) 

o 8 

7~        I ! ! -- t I I 
000 002 004 006 008 0 10 0 12 0 002 0,04 006 0.08 0 !0 012 

Figure 27. Figure 29. 



SECTION 5: TECHNICAL SESSIONS 

that of the pelvis, the HSRI dummy had the lowest peak 
GRAPH FOR ACCELEROMETER MOUNTED ON with the cadaver of BMD 03 being the highest. The least 

THE LOWER SPINE 
(LATE.,LL~ OR,E,TE0) variation among the curves are for the left upper and left 

FOR 
SID DDMMY AND TWO CADAVERS ,N MODIFIED RABBITS lower ribs in Figures 25 and 26. Again these are for 

LEGEND accelerometers located at the area of direct impact and 
63 (StD DDMMY) BMD-02 ~DADAVER) are "driven" by the impacting surface which for these 

,% BMD-03 (CADAVER) 

tests was padded. 
The response for the right lower rib for the cadaver of 

BMD 03 (Figure 28) is much greater than that of the 
HSRI dummy. The accelerometer for BMD 02 seems to 
have malfunctioned. 

In general, the impact environment of the modified 
Rabbit caused the accelerometer responses for the three 
different subjects to have greater variation than that for 
the unmodified Rabbit. 

COMPARISON OF THE RESPONSES OF 
THE APR DUMMY AND A CADAVER IN AN 
UNMODIFIED RABBIT 

Reference is made to the set of Figures 32 through 36 
~ 

which compare the response curves of an APR dummy 

~ and a cadaver. The anthropometric measurements of the 
& cadaver are listed in Table 2 under ONSER Test BMD 

TtM~ ~SECONDS~ 01. This set consists of only five figures instead of the 
complete set of seven listed in Table 4. The APR dummy 

Figure 30. had its right lower rib accelerometer oriented in the an- 

GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMETER 
MOUNTED ON MOUNTED ON 
THE PELVIS THE LEFT LOWER RIB 

(LATERALLY ORIENTED) (LATERALLY ORIENTED) 
FOR FOR 

SID DUMMY AND TWO CADAVERS APR DUMMY AND CADAVER 
IN MODIFIED RABBITS IN UNMODIFIED RABBITS 

LEGEND LEGEND 

A BMD-03 (CADAVER) 

~ ~        1        I ~ ~ ooo oo~ o~ oDE ooa o~o o~2 
0,00 0,02 004 006 0,08 010 012 TIME (SECONDS) 

TIME (SECONDS) 

Figure 31. Figure 32. 
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GRAPh FOR ACCELEROMETER 
MOUNTED ON GRAPH FOR ACCELEROMETER 

THE RIGHT UPPER RiB MOUNTED ON 
[LATERALLY ORIENTED) THE LOWER SPINE 

POR (LATERALLY ORIENTED) 
APR DUMMY AND CADAVER FOR 

~N UNMODIF!ED RABB~TS APR DUMMY AND CADAVER 
IN UNMODIFIED RABBITS 

LEGEND 

LEGEND 61 (APR DUMMY) 
; 6 ~ /APR DUMMY) ; SMD-01 (CADAVER) 

BMD-01 (CADAVER) 

~ ,- -+ ..... -~ .... { , ----~-- ~ ooo o!o; o~o .... 6 °08 o~o 

Figure 33. Figure 35. 

000      002      004      006      008      010      012 000      002      004      006      008      010      012 

T~ME {SEOONDS) 
T~ME {SECONDS} 

Figure 34. Figure 36. 
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tudor-posterior direction rather than in the lateral di- G .................... 
MOUNTED ON 

THE LEFT LOWER RIB ruction. In addition, the dummy’s left upper rib acceler- , ......... o ..... ED~ 
FOR 

lfu ti ed 0UMMY ANB TWO OADAVE,S ometer ma nc on . AP. ,N MOD,F,EO RARB,TS 

A review of this set of figures establishes that the two 
responses whose curves are in closest agreement are those LEGEND 
of the left lower rib and the lower spine (Figures 32 and 2 ~AP~ OUMMY~ 

RMD~02 (CADAVER) 

35 respectively). Since the two subjects were impacted on ~ RMO-O~ ~CAOAVER~ 

the left side, the close agreement of the two curves in- 
dicates for the lower spine location mechanical equiva- ~. 
lence of the two subjects. " 

............ The remainhag three pairs of response curves of this 
set are all for points which are removed from the region ~ 

of impact. The degree to which these pairs of curves agree, 
or fail to agree, reflects the mechanical equivalence of the ~ 
dummy to the particular cadaver for these particular lo- 
cations. The disagreement is so large between the re- 
sp~nses for the upper spine (Figure 34), one has to suspect 
a malfunction of the dummy’s accelerometer. 

COMPARISON OF THE RESPONSES OF 
THE APR DUMMY AND TWO CADAVERS IN 

........ MODIFIED RABBITS ~ 

Reference is made to the set of Figures 37 through 42 
~, ooo ~ 

oo,’ ooE~ o~o, o’1o o’~ 
which compare the response curves of an APR dummy 

oo~ 

and two cadavers. The anthropometric measurements of .... 
,~ECONDS, 

the cadavers are listed in Table 2 under ONSER Tests Figure 38. 

GRAPH FOR ACCELEROMRTER GRAPH FOR ACCELEROMETER 

MOUNTED ON MOUNTED ON 

]’HE LEFT UPPER R~B THE R~GHT UPPER RIB 

(LATERALLY ORIENTED) (LATERALLY ORIENTED) 

FOR FOR 

APR DUMMY AND TWO CADAVERS APR DUMMY AND TWO CADAVERS 

IN MODIEIED RABBITS IN MOOIFIE~D RABBITS 

LEGEND LEGEND 

62 (APR DUMMY) 62 (APR DUMMY) 
: RMD-02 (CADAVER) :~ BMD-02 (CADAVER) 
. RMD-03 (CADAVER) /’ RMD-03 (CADAVER) 

000 0,02 0.04 006 0.08 0A0 0,12 t 0.00 002 004 006 008 010 012 

TIME (SECONDS)                                                                   TIME (SECONDS) 

Figure 37. Figure 39. 
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GRAPH FOR ACCELEROMETER GRAPH FOR ACCELEROMETER 

MOUNTED ON MOUNTED ON 

THE UPPER SPINE THE PELVIS 

{LATERALLY ORIENTED) (LATERALLY ORIENTED) 
FOR FOR 

APR DUMMY AND TWO CADAVERS APR OUMMY AND TWO CADAVERS 

iN MODIFIED RASB~TS iN MODIFIED RABBITS 

LEGEND LEGEND 

62 (APR DUMMY) ]; 6,2 (APR DUMMY) 

SMD-02 {CADAVER) ( BMD-02 {CADAVER) 

:, ~MD~03 {CADAVER! ,~ BMD-03 (CADAVER) 

0~0 00E 004 0[~ 008 010 0 12 000 0.02 0,04 006 0.08 010 0,12 

TiME (SECONDS)                                                                    TIME (SECONDS) 

Figure 40. Figure 42. 

GRAPH FOR ACCELEROMSTER 
MOUNTEO ON 

THE LOWER SPINE 
(LATERALLY ORIENTED] 

FOR 
APR DUMMY AND TWO CADAVERS ~N MOO,SlED ,ASS,7S BMD 02 and BMD 03. As noted in the previous section, 

the APR dummy had its right lower rib accelerometer 
...... o oriented in the anterior-posterior direction rather than in 

62 {APR DUMMY) SMO-0~ ~c ...... ~ the lateral direction. Thus, this set of responses consists ? BMD-03 (CADAVER) 

of only six figures instead of the complete set of seven 
listed in Table 4. 

A review of this set of figures fails to show close agree- 
ment between any of the curves comparable to that of 
Figures 32 and 35 for the APR dummy in the unmodified 
Rabbit. The responses of the right upper rib in Figure 39 
are perhaps the closest in agreement. 

In Figures 37 and 38 for the left upper rib and lower 
rib the APR dummy exhibits more ringing than the ca- 
davers. Such ringing is not shown in Figures 32 and 33 
for the same accelerometers for the APR dummy in an 
unmodified Rabbit. 

The APR dummy’s response for the upper spine (Fig- 
ure 40) is in close agreement with that of the cadaver of 
Test BMD 02, but the peak of the dummy’s response for 
the lower spine (Figure 41) far exceeds that for the two 
cadavers. 

A significant feature between the dummy and cadaver 
ooo oo~ o~ oo~ oo~ o~o o~E responses for the pelvis is that the two cadavers attained 

T,ME ~SEOONOS] 
plateaus for a duration of 10 or 20 milliseconds, whereas 

Figure 41. the dummy’s response peaked and then declined. 
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CONCLUSIONS Anthropometric Test Devices", Seventh International 
Technical Conference on Experimental Safety Vehi- 

Analysis of barrier-to-car side impact tests conducted cles, June, 1979. 

....... with dummies and cadavers allows us to conclude the 2. Fayon, A., et al., "Development and Performance of 

following: the APR Dummy (APROD)", Eighth International 
Conference on Experimental Safety Vehicles, October, 

1) Reduced intrusion at the location of the pelvis seems 1980. 
to decrease pelvic injury severity. 3..Davis, Sol and Ragland, Carl, "Development of a De- 

2) Crush reproducibility is very good for the modified formable Side Impact Moving Barrier", Eighth Inter- 
.......... Rabbit. national Technical Conference on Experimental Safety 

3) The modified Rabbit reduced overall injury severity Vehicles, October, 1980. 
compared to the unmodified Rabbit. 4. "The Abbreviated Injury Scale--1980 Revision", pub- 

4) The modified Rabbit in general reduced the maxi- lished by the American Association for Automotive 
mum responses of the laterally oriented accelerometers. Medicine, Morton Grove, Illinois 60053. 

5) The modified Rabbit had less intrusion at all points 5. Cesad, D., Ramet, M., "Biomechanical Study of Side 
........ m~ured compared to the unmodified Rabbit. Impact Accidents", Fifth International Conference on 
........... Experimental Safety Vehicles, 1974. 

REFERENCES 6. Eppinger, R. H., et al., "Development of a Promising 
Universal Thoracic Trauma Prediction Methodology", 

1. Melvin, J. W., et al., "Experimental Application of Twenty-Second Stapp Car Crash Conference, October, 
Advanced Thoracic Instrumentation Techniques to 1978. 

Violence of Fatal Car-To-Car Side Collisions and Vulnerability of 
Population at Risk: A Challenge of Real-World Accidents              . 

F. HARTEMANN, J. Y. FORET-BRUNO, FATAL ACCIDENTS--TYPES OF IMPACT 
C. HENRY, C. THOMAS and C. TARRII~RE 

Laboratoire de Physiologic et de Biom~- Analysis of accidents that caused the deaths of t,400 

canique, Association Peugeot S.A./Re- 
car occupants in April, May and June 1980 on the French 
highway system overall shows the following distribution 

nault, Rueil, France of types of collisions for 369 individuals who were killed 

C. GOT and A. PATEL in side impacts: 

IRO--IRBA, HOpital R, Poincarr, --30% of these casualties were involved in a collision 

Catches, France with another private car. 
45% hit against a fixed, rigid obstacle (tree, utility 
pole, etc.). 

Over the past ten years, the emphasis placed on pro- --17% were victims of collisions against heavy vehicle 
tection in frontal impacts has enabled improvement of (trucks, road tractors, etc.). 
safety levels in this accident configuration. --5% of the deaths ensued from impacts against un- 

In this respect, safety belts have played a decisive role. classifiable objects. 
The seat belt is recognized as dividing the risks in half.’ 
Further progress can still be achieved through improve- The casualties in side-impact collisions between private 
ments in the coupling of car passengers and through cars accounted for only 9% of the total number of deaths 
architectural features that limit the risks of passenger- occurring to individuals who were passengers in private 
compartment intrusion, cars in all types of impacts (Table 1). 

For side impacts, the prospects are less open. The fol- The proportion of victims involved in side-impact col, 
lowing description of fatal side-impact collisions yields lisi0ns against rigid objects may possibly be higher in 
insight into the level of the requirements that must be France than in other countries with high automobile 
satisfied in order to protect a significant proportion of traffic levels, because of the many trees along French 
victims. It enables us to measure the challenge represented highways. This point is worth investigating. However, it 
by protection against the risk of the occurrence of death is a known fact that in the United States, for example, 
in this kind of accident. ~ over half the individuals killed in all types of automobile 
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Table 1, Distribution (%) of the 1,400 fatal casualties in private car accidents for the months of April, May, and June 1980. 
France. 

Obstacles 

Principle Truck Rigid 

damage area Car bus object Other Total 

Front 17.3 12.3 17.8 n 47.4 

Side 9.4 7.8 13.2 m 30.4 

Rear 0.3 1.0 0.2 -- 1.5 

Rol!over n -- m 13.5 13.5 

Unclassifiable 1.1 0.4 3.1 2.6 7.2 

Total 28.1 2t .5 34.3 16.1 100 

accidents were the victims of impacts not involving other. This unequal distribution of obstacles as compared with 

vehicles, the victims’ ages results from the comparison between 
The first finding is therefore as follows: In a major motorists’ behaviors. Almost exclusively, the youngest 

proportion of cases, the victims of fatal accidents involv- drivers sustained the impacts against rigid objects after 

ing side-impact collisions were not the victims of collisions their cars had veered out of line: these were drivers’ errors 

involving other private cars. occurring while speeding. The impacts that occurred un- 

Therefore, the countermeasures designed to meet the der these circumstances were extremely violent in general. 

requirements of a test simulating this type of collision One indicator: in 20% of the cases, the cars were sheared 
will be but slightly effective in impacts against rigid ob- in half. 

jects. Actually, these countermeasures will draw a major Conversely, the fatal casualties aged over 55 have a 

share of their effect from the side structure resistance to high representation among the victims of the car-to-car 

intrusion. In collisions against rigid objects, intrusion is collisions. 

not a severity factor for car occupants, the only thing T, he second finding is as follows: A large proportion of 

that matters is the shock-absorbent properties of the inner the population that could be concerned by effective pro- 

panel that is struck by the passenger at a speed equal to tective countermeasures in car-to-car impacts has low 
the speed of his car at the instant of occurrence of impact, tolerances. This observation is backed up by the following 

distinction: depending on whether the collisions did or 
did not occur at highway intersections, the age categories 

rvIOTORISTS’ AGES AND THE CONFIGU- are represented in widely differing proportions. Because 
RATION OF SIDE-IMPACT COLLISIONS of lesser adaptation to complex situations, the older mo- 

torists were considerably over-represented in crossroads 
Another significantaspect ofside-impact collisions con- collisions, whereas the majority of the fatalities among 

cerns the relationship between the ages of the motorists the youngest drivers occurred in collisions that took place 
involved and the circumstances surrounding the colli- elsewhere than at crossroads. In general, these collisions 
sions; this is a relationship that has consequences for the resulted from the cars’ veering out of line into across- 
statistical distribution of the tolerance of the population highway positions as the result of loss of control at high 

at risk exposed to collisions closely similar to the impact speed, and the impacts occurred either against a vehicle 
that could be simulated by the standard established test. coming in the opposite direction or against a car following 
The younger motorists are over-represented in the impacts in the same direction. In these circumstances, the relative 
against rigid objects, whereas the older ones are over- velocity of the cars involved not infrequently exceeded 90 

represented in car-to-car collisions (Table 2). km/h (Table 3). 

Table 2. Fatal casualties in side-impact collisions. Ages X obstacles. 

Age of occupants 

Obstacles < 35 Years 36 to 55 > 55 Years Total 

Vehicle 61 36 64 161 
(35%) (74%) (88%) (54%) 

Rigid object 115 13 9 137 
(65%) (26%) (12%) (46%) 

Total 176 49 73 298 
(100%) (100%) (100%) (100%) 
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Table 3. Fatal casualties in car-to-car collisions. Ages X cir- fore the same as those that would be created by a test 
cumstances, procedure involving the staging of an impact against a 

Ages ¢ f individu ils killed car body, at the level of the dummy, by another car or 

Place of < 35 35-55 > 55 by an equivalent mass simulating the shape and rigidity 
collision years years years Total of the front part of a car. 
Crossroads 26 24 56 106 The individuals who were killed under these conditions 
Elsewhere 35 12 8 55 were aged sixty or over in 40% of the cases. If we consider 
than cross- the casualties who sustained impact velocities equal to or 
roads less than 55 km/h from the striking car, 80% of them 
Total 61 36 64 161 were aged sixty or over. If we take a speed of 65 km/h 

as the upper limit, we again include a population of cas- 
ualties who are well along in years (Table 4.). 

AGES OF FATAL CASUALTIES AND VIO- 
LENCE OF IMPACTS EFFECTIVENESS OF 

COUNTERMEASURES 
The distribution of fifty casualties who were killed while 

occupying the impact side in car-to-car collisions, whose Rationale 
ages were plotted in correlation with the relative velocities 

What is the proportion of fatalities that might be pre- 
of their cars during occurrence of impacts with striking vented by the countermeasures that can be envisaged 
cars, therefore largely results from the interactions stated 

today? To answer this question, it is necessary to know 
above between ages and the circumstances surrounding 

the critical admissible tolerances to impact of the popu- 
the accidents (Figure 1). These fifty casualties constitute lation at risk. For lack of biomechanical data that would 
a sub-sample of the population presented above (Table 

be directly usable in this present approach, let us assume 
3). Their accidents were selected on the basis of the cri- that curve A marks non-fatal impact conditions (Figure 
teflon of the quality of the documentation contained in 
the relevant police reports (in particular, on the basis of 

2). The hypothesis of a threshold roughly deduced in this 

photographs). This sub-sample, a priori, is not affected 
way is exposed to two possibilities of error, as follows: 

by any biased approach. It can be considered as repre- 1. The size of the sample does not authorize us to 
sentative of fatal casualties occurring among individuals exclude the eventuality of the occurrence of fatal 
seated on the impact side who directly sustained the ef- impacts at a lesser degree of violence, hence the risk 
fects of panel intrusion. The impact conditions are there- of underestimating tolerance limits. 

Impact V~ locity 

km/h ~ 

120-- 

110- 

100"- 

90- ¯ oe ¯ 

80- 

70- ¯ ¯ ¯ ¯ ¯ ¯ 

5~ ¯ ¯ e eo ¯ 

40 

’ 20 30 40 50 60 70 80 years 

Figure 1, Car-to-car side collisions. Age of 50 nearside killed occupants versus impact veloci~. 
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l~ct Yelocity 

I~=/’k, 
AV occupan! 

120- 

110- 

80- 57. 

~ 50 . ¯ ¯ ¯ ~S 1 . ¯ 
¯ o 

60- 4~ 

50- 36 . ¯ ¯ 

40- 29 

1 
~ ~ ¯ age 

I        I 
20      30"     40      50      ~0      70      80 years 

Figure 2. 50 nearside occupants killed in car-to-car collisions. 

2. The assumption that death is sure to occur above possible to simplify by considering only the A V that would 

this limit is equivalent to assuming a zero probability result for the car passenger. Whence the possibility of 

of survival in accidents that are more violent than stating several hypotheses for the reducing of this pas- 

those for which the curve plots the limits, along senger AV and of deducing the proportions of fatalities 

relative velocity, at the various ages, hence the risk that this reduction would make it possible to prevent. 

of underestimation. This simplification disregards two factors that intervene 
in the link between passenger ~V and injury severity, as 

The data file on side impacts investigated in the PEU- follows: 

GEOT-RENAULT survey can be used as a means of 1. The local rigidity of the elements that enter into 
control. These data include 142 car occupants seated on contact with the sensitive body areas, which is a 
the impact side and at the level of the panel that was source of variation in risk, at constant AV. 
stvack in car-to-car collision, for all degrees of injury 2. The "localization" of the AV, this meaning that the 
severity (Figure 3). No fatal injury occurred below the passenger AV is not the same at the pelvic level as 
curve; in addition, the probability of survival is far from at the thorax level. The average AV does not take 
inconsiderable at any age, in the occurrence of impacts this difference into account. 
of a violence located above the curve. 

In view of our inability to evaluate the performances The AV values corresponding to the impact velocity 

that might be achieved by a given countermeasure, it is values are the averages of the thorax AV and of the pelvic 
AV plotted from the data gathered from cars analyzed 
in the course of the PEUGEOT-RENAULT investigation 
(Figure 2). 

Table 4. Ages of side-impact collision casualties according Curve A therefore plots the limits of the ~V that are 
to impact velocities of the striking cars (upper limit), tolerable without involving the death risk, at the various 

..... Ages of individuals killed 
ages. Thus the individual identified as S1 in Figure 2 
sustained a collision during which his car was struck by 

Relative < 40 40 to 60 years’ Total another car whose impact velocity was estimated at 65 
velocity years 60 years and 

over kmih. At this impact velocity, the average passenger AV 

_<55 km/h 0 14% 86% 100% is 46 km/h. The countermeasure that would make it 

_<65 km/h 13% 33% 54% 100% possible to prevent the death of this individual should 

<_75 km/h 24% 32% 44% 100% consist of creating impact conditions whose severity 
<_ 85 km/h 27% 31% 42% 100% would not exceed that of the conditions sustained by a 
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l~t Velocity 

k~J 
....... 120- ¯ O 0.AIS 3, 

90~       ¯ 

......... 80- ¯ o 
0    x 0 

o 0 70- 

20 30 40 50 60 70 80 years 

Figure 3. Nearside occupants. Car-to-car side collisions. 

passenger undergoing a 40 km/h AV in present-day au- 
tomobiles, km/hj~ velocitYvehicle of impacting 

12 

RESULTS 
° 

Several hypotheses can be considered for reducing the o 
passenger AV. At present writing, the most realistic one 
is to use as a reference an impact at a 50 km/h velocity 
by the striking car (car struck while standing still), and 
to assume that it is possible to implement solutions that 

~O-I0~ 

would create, for the passenger, what might be called a 
AV equal to 25 km/h, i.e., solutions that reduce the 
stresses to which the passenger is subjected to a level : ~ ° 
equivalent to that of the ones he sustains, in present-day 
cars, for an average AV of 25 km/h at the pelvis and 
thorax. Such a result is not readily accessible. In the cars 
currently on the road, we note passenger AVs of from 30 

to 40 km/h for car AVs of 25 km/h resulting from 
impacts occurring at velocities of 50 km/h on the part Itm/h &V ef impected 

of the _striking ~ar (Figures 4 and 5). 60- v e h ic me 
We assumed that at impact velocities of 55 km/h, im- 

provements would still be appreciable, and that the equiv- 
40- ° ° °o 

alent passenger AV would be 35 km/h. Finally, we ¯ 
estimated that at velocities of 60 km/h and over, protec- ’ 

"~°**.~*~ ° 
tion would not be improved. 

On the basis of this hypothesis, six out of fifty deaths 
° 

could probably have been prevented (Figure 6). This AV 
would be the case, for example, of the individual identified 

2 
as $2 in Figure 6, who sustained a 55 km/h impact. We 
estimated his AV as at 40 km/h. If this is reduced to a Figure 4. AV occupant at thorax level as a function of impact 
AV of 35 km/h (AV scale), it falls just below the critical velocity (above) and AV vehicle (below). Nearside 
admissible limit for his age (53 years), occupants in car-to-car side collisions. 
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EXTENSION TO ALL TYPES OF 
velocity e~ SIDE-IMPACT COLLISIONS 
impacting vehicle ¯ 

¯ What advantages would be yielded by these provisions 
¯ in side-impact collisions against fixed, rigid objects, 

. against heavy vehicles, against highway tractors, etc.? In 
¯ view of the levels at which the AV (vehicle AV) occur in 

8 O- ¯ ** these configurations, we estimate that the number of fatal 
¯ casualties among individuals seated on the impact side 

¯ ~ *~ ¯ could be reduced by 2 to 4%. 

,~.~tl . . As concerns the individuals killed who were on the side 
,,~4, * *" opposite the impact side, impact velocities were so high 

~#, ]e (85 km/h as a median value) that the advantages would 
be only from 3 to 6%. They would be zero for the cas- 

AM p e Iv is ualties seated on the side opposite impact in collisions 
,    ~ , ~ against rigid objects or against heavy vehicles. 

60 ~ km/h The same evaluations are applicable to the back-seat 
~m,i_hj AVof impacted passengers. The results would be of the same values as 

ve h ic l e for the front-seat passengers° ¯ 
The total number of fatal casualties that might be pre- 

I vented by the implementation of the above-described 
¯ * ~ * countermeasure amounts to a reduction of 5 to 7% (Table 

20- ~’-"~" 
COMMENTS 

AV p ely i s These findings prompt the following comments: 

46 66 86 km/h The inclusion in the aocidentologioal data used for fix- 
ing test procedure parameters (angle and velocity, in par- 

Figure 5. ~V occupant at pelvis level as a function of impact ticular) of fatal accidents, most of which circumstances 

velocity (above) and ~V vehicle. Nearside occu- are not those of standard traffic conditions, means as- 

pants in car-to-car side collisions, signing to secondary safety a goal that exceeds its field 

Impact Velocity 

kin/hi 
~VI {OCCUPANT) ~Saved by counter. 

o [~’-~ measures 

120-                      ¯ *                                                      j 
~/h 

110-- - ¯ 

1 O0 - - 

80- 57- 

IO- 50- ¯ ¯ . ¯ * e 

60-- ®ee*~ ¯ 
¯ . 

50- 25- 
e ¯ ¯ ¯ 

40- 

20 30 40 50 60 70 80 years Age 

Figure 6. 50 nearside occupants, z%V lowered by countermeasures. 
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Table 5. Possibilities for reducing the number of fatal cas- be prevented through countermeasures that are less costly 
ualties in side-impact collisions, than those that would have to be implemented for the 

Obstacle protection of the same number of side-impact victims. 
Car Rigid Heavy Total Out of one hundred individuals killed in side-impact 

object vehicle collisions, seventy are the victims of impacts against rigid 

Number of 109 164 96 369 objects or against heavy vehicles. For 95 percent of these 
fatal casualties fatal casualties, no countermeasures can be devised in 

Effectiveness 12% 2-4% 2-4% 5-7% view of the violence of the impacts. In addition, the bulk 
of the non-fatal side-impact collisions involve collisions 

Number of 13 3 to 7 2 to 4 18 to 24 with other private cars. ........... fatal casualties 
avoided Such accidentological data justify the assigning of ma- 

jor importance to the matter of reducing the dangerous- 
ness of the front parts of cars. The research to be devoted 
to this matter should also include attention to pedestrian 
protection. 

.............. of application. "I-he inclusion of fatal casualties (0.AIS 6) At a time when the sparing consumption of resources 

........ in the statistics describing the distribution of the speeds is a prime requirement, it would be paradoxical not to 
at which grave accidents occur (0.AIS > 3 or 0.AIS > endeavour to optimize countermeasures. They are in in- 
4) is hence a "questionable" procedure. Its effect is to teraction with all the accident configurations. Their ef- 
increase the average--and the median---of the distribution fectiveness must therefore be judged on the basis of their 
of impact velocities and AV. overall advantages, in all the accident configurations con- 

As concerns the testing procedure, which should fea- sidered as a whole. For this reason, it is not certain that 
.............. ture a maximum number of conditions similar to those the best way to manage safety consists of devoting sep, 

sustained by the victims of accidents inflicting bodily arate consideration to protection against frontal impacts, 
injuries, and in particular from the standpoint of its ge~ side impacts, rollovers and pedestrian protection. 
ometry (angle of impact and localization of interface), From this same viewpoint, it is not certain that the 
this procedure also stands to be distorted by the inclusion crashworthiness rating, which fosters the development of 
of extremely violent accidents that are beyond the range a specific safety involving a type of impact occurring 
of the countermeasures that can be anticipated for the under isolated conditions of the highway environment 
near future. It is to be hoped that the utilization of the would produce the most desirable effects in terms of a 
accidentological data gathered from large samples will reduction of the number of victims among highway users. 
not disregard this verification. 

In the hypothesis that the seat belt was one hundred REFERENCES 
percent worn by all the passengers in all the seats, the 
fatal casualties resulting from frontal impacts would still 
account for forty-six percent of the individuals killed in 1. J. Y. Foret-Bruno, F. Hartemann, C. Thomas, C. Tar- 
all types of configurations. Analysis of the frontal impact riere-B. Loyat, G. Stcherbatcheff, C. Got, A. Patel. 
accidents that occurred involving the deaths of 462 in- "Occupant Velocity Change in Side Impact--Method 
dividuals---deaths that were not prevented by the seat belt of Calculation--Application to a Sample of Real- 
or that probably would not have been prevented had the World Crashes--SAE Paper. 80.1308-1980. 

seat belt been worn--showed us that the survival of 2. J. H. Hedlund. "The National Crash Severity Study 
twenty percent of these individuals could have been and its Relationship to ESV Design Criteris". 7th In’ 

achieved at the cost of countermeasures that consist of ternational Technical Conference on E.S.V. Paris 1979. 
improved passenger ride-down via the retention system 3. "Program Plan for Coordinated Side Impact Test Pro- 
and of limiting the extent of intrusion. Without further cedure Development". N.H.T.S. A and M.V.M.A. of 
developing this present study, we shall confine ourselves the United States--January 19821 

to suggesting the value of research that would be devoted 4. J. Provensal and G. Stcherbatcheff. "Identification of 
to surveying currently available technologies in the matter Compatibility Factors in Side Collisions 8th Interna- 
of safety countermeasures, to assessing the cost of their tional Technical Conference on E.S.V. Wolfsburg-Oc- 
industrialization and to strike a cost/advantage balance tober 1980. 
in all types of impacts. In all likelihood, this method 5. A. Burgett. "Status Program for Improving Side Im- 
would show that the occurrence of injuries to a large pact Crash Protection". 8th International Technical 
proportion of gravely injured frontal impact victims could Conference on E.S,V. Wolfsburg. October 1980. 
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Dummy injury Values Obtained in Side Collision Sled Tests 

H. TSUJIMURA, H. ISOBE and K. MAEDA    Outline of Test Equipment 
Nissan Motor Co., Ltd.                          Figures 1 and 2 show an outline of the test equipment.. 

Variable Parameters and Their Variable 
ABSTRACT Ranges 

In order to find an effective measure to improve pro- Collision velocity of the body side with dummy (dummy 

tection in side collisions, sled tests were conducted to collision velocity)--Dummy collision velocity can be var- 

clarify how parameters, such as the collision velocity of ied by changing the collision velocity of the sled {~ In 
the body side with the dummy, the body side intrusion this study the variable range of the dummy collision ve- 

into the compartment, side deformation, collision angle locity was from 20 to 30 km/h. 

and side padding materials, influence the dummy injury Angle ofcollisionmThe angle of collision can be varied 

in side collisions. Side impact dummies developed by by changing the angle at which a cut body(~)faces the 
HSRI were used in this study, we examined its charac- sled(~) The range of the angle of collision was between 
teristics by dummy drop tests and sled tests. 9& and 45*. 

Of the variables in side collisions, the collision velocity Deformation of the body sidewThe deformation of the 

of the dummy is found to have the greatest effect on body side can be varied by using the impactor jig(~)with 
the dummy injury value. In addition, when the side im- a different surface shape. The deformation of the body 
~pact dummy undergoes a lateral impact on the chest, the side was tested using the impactor shapes shown in Figure 
dummy shows characteristics apparently different from 3. (However, all the impactors were provided with pad- 
those of the Hybrid-II dummy due to the modification ding material.) 

of the chest. However, there are still some problems to Intrusion of the body side into the occupant compart- 
be sobbed in the future including cases where the dummy ment--The intrusion of the body side into the occupant 

chest receives an oblique impact, compartment (~) can be varied by adjusting the length 

of the impactor jig(~) In this experiment the intrusion 
was between 100 and 3f30 mm. 

G characteristics of sled--The G characteristics of the 
sled(~)were made to correspond to the G characteristics 

Research for improved side collision safety is being of the struck vehicle in a typical car-to-car side crash test. 

carried out in many countries, and our company is ex- 
amining all possible angles, including a car-to-car test Comparison of Car-to-Car Side Crash Test 
procedure, a sled test procedure, subsystem test proce- with Sled Test 
dure, and an analytical procedure using a computer. In order to confirm that this sled test method simulates 

This paper discusses our basic studies of the dummy the car-to-car side crash test, the sled test data were 
characteristics and the effect of individual parameters on compared with the injury values, G waveforms and be- 
the dummy injtu3’ values as determined by sled tests. 

DEVELOPMENT OF SIDE CRASH SLED 
TEST METHOD ¯ tMPACTOR JIG B " SLED 

C : CUT BODY D " DUMMY 

In the development of a sled test method that simulates c 
collision phenomenon when the body side collides with 
the occupant in car-to-car side collisions, the following \\\\~ 

objectives were included: 

(1) The main parameters such as the collision velocity \\\\~ 

of the body side with dummy, intrusion of the body 
side, deformation of the body side and collision ~ ! 
angle, etc. are controllable. 

(2) The injury values and G waveforms of specific 
locations of the dummy’s parts are reproducible. 

(3) The dummy’s behavior in side collisions is repro- 
ducible. Figure 1. Outline of test equipment. 
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CAR TO CAR SIDE CRASH TEST (V=56 km/h) 

150 

........ 100[- 
G-TRANS AT LEFT _ztOO 

RIB _u 

~ ~o 

........... ~ TIME {ms) TIME {ms) 

............. G WAVEEORMS AT CHEST G-TRANS WAVEFORM AT 
PEkVtS 

SIDE CRASH SLED TEST 

150 

(COLLISION ANGLE 8=60°) loo 
...... --~ r G-TRANS AT LEFT ~)100 

~ / UPPER RIB ~- Figure 2. Photograph of test equipment. 

IIIvIIY CHEST ~D 50 !~ 

havior of the dummy obtained in the ear-to-car side crash ~ o o 

............ tests with collision angles of 90° and 60°. 
.............. G WaVEFORMS aT CHEST G-TRANS WaVEFORM aT PEW,S 

Figures. 4 and 5 compare the G waveforms at the chest 
and pelvis. 

In the car-to-car side crash tests, the deformation and 
Figure 4~ Comparison ot dummy G wavelorms a~ 90~ collis- 

ion angle. 
stiffness of the body side changes continually during 
lision. On the other hand, because in the sled test the 
shape and stiffness of the impactor is constant during 
collision, it is difficult to reproduce the G waveform of From the above results, this sled test method is con- 

each part of the dummy in detail. However, the G wave sidered capable of reproducing roughly the dummy injury 
form characteristics and injury values of the dummy at value and behavior in the car-to-car side crash test. 

each collision angle are reproducible by the sled test. provides an effective measure in developing rand evalu- 

Further, a comparison of the high-speed films reveals ating padding materials, and in examining the relation 

that the behavior of the dummy in the car-to-car side between the parameters and the dummy injury values in 

crash test corresponds to that of the sled test. However, side collisions. 

the dummy behavior after collision differs with the de- 
formation of the body side and the collision angle. 

CAR TO CAN SIDE CRASH TEST {V=56 kmih} 

~OO 

~ & I- G-TRANS AT LEFT 
~ $1OO 

~ 50~ A G-RES AT 
~ 50i 

~ 0 
TIME (ms) : TIME (ms) 

G WAVEFORMS AT CHEST G-TRANS WAVEFORM AT PELVIS 

SIDE CRASH SLED TEST 

~3 ~10~ ~ G-TRANS AT LEFT ~& [100 

~ UPPER RIB Z 

TIME (ms)                     TIME (ms) 

G WAVEFORMS AT CHEST      G-TRANS WAVEFORM AT PELVIS 

@ 
Figure 5. Comparison of dummy G waveforms at 60° collision 

Figure 3. Shapes of impactors, angle. 
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RELATION BE~/EEN PARAMETERS AND 
MAX RESULTANT G3MS AT CHEST DUMMY INJURY VALUES 

~oo[ ,    COLLISIONMPACTER SHAPEANGLE: 

In side collisions, the body side intrudes into the com- 
partment and collides with the occupant. This makes side ~ 

~~__~,~/~/-~/’~ collision a more complex phenomenon than the frontal ~ V=30 kmih 
o 

crash where the occupant is restrained by a three-point ~    ,. j 
belt system. The relation between various parameters and 
occupant injuries in side collisions had not been suffi- 
ciently clarified. T’nerefore, sled tests using side impact ~ ~t-i ] V=20 km/n 

dummies developed by HSRI were conducted to study i © i UPPER THORACIC SPINE 
how the following parameters influence the injury values 
of each part of the dummy, c~ ~ 2 LOWER THORACIC SPINE 

(1) The effect of dummy collision velocity o~ =’1o6 
=200 

(2) The effect of intrusion of the impactor into the INTRUSION (mm) 

compartment 
(3) The effect of collision angle Figure 7. Intrusion and dummy chest injury value. 
(4) The effect of the deformation of the body side 
(5) The effect of padding materials 

(6) The effect of seatbelts Relation between Impactor’s Intrusion into 
Compartment and Dummy Injury Values 

The relation between the impactor’s intrusion and the 

Relation between Dummy" Collision Velocity dummy chest value was examined by changing the im- 

and Dummy" Injury Values pactor’s intrusion, i.e., 100, 200, and 300 mm under the 
same test conditions. The results are shown in Figure 7. 

There is a close relation between the dummy collision When the dummy collision velocity is the same, the 
velocity and the injury’ value of each part of the dummy, dummy chest injury value does not vary greatly even if 
In a collision velocity range from 20 to 30 km/h, the the impactor’s intrusion changes. In the car-to-car side 
injury value of each part of the dummy increases in pro- crash test, there is a certain relation between the intrusion 
portion to the dummy collision velocity, and the dummy chest injury value, as shown in Figure 

Figure 6 shows the relation between the dummy col- 8. This is due to a change in the dummy collision velocity 
lision velc¢ity and the dummy injury values at collision which was caused by the extent of the intrusion. 
angles of 90° and 60°. The dummy injury values at a 90° 
collision angle differ from those produced at 60". For 
example, with the same collision velocity, the resultant MAX RESULTANT G-3MS AT CHEST 
G-3ms at the chest is smaller in a collision angle of 90° 
than at 60°. 

~ 100[ Therefore, reducing the dummy impact velocity is ef- ~ 
fective in decreasing the dummy injury values. ~-~ 801- 

6c 

TEST CONDITION 
COLLISION ANGLE : 60 

IMRACTOR SHAPE,ff~~ 
G TRANS AT LEFT UPPER RIB 40 

z 
/~,                        TRANS AT/ 

~ ~z 

G-TPANS AT :~ S 3MS AT CHEST 200    3 0    400 
20 

PELVIS ~ 20: 
G TRANS AT PELVIS 

G-RES 3MS AT CHEST 

o ~o ~s    ~o ~o ~ ~o INTRUSION OF DOOR INNER PANEL (mm) 

Figure 8. Dummy chest injury value and intrusion in actual 
Figure 6, Dummy collision velocity and dummy injury values, vehicle test. 
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!COLLISION VELOCITY ¯ 20 km/h~ COLLISION ANGLE" 90 
60IIMPACTOR SHAPE a ) COLLISION VELOCITY’ 26 km/h 

!201 

-SHAPE C 

50 ~ 
~ ~- I00I ~ J 

~ 
rSHAPE A ~ L9 / z ~ 0 ~ 

~ 2 ~: ¯ SHAPE B 

2o ] 

............. 
......... PELVIS (G-TPu~NS) 0 l ~ ~ ~ 5 

/J=90o ~)=75o 8=60° 8=45° LEFT UPPER RIB I -~.. 2 UPPER THORACIC 

COLLISION ANGLE 
(G-TRANS) 

"     ~-- 4 SPINE (G-RES) 
E~ 

LOWER THORACIC 

~-- --- 5          SPINE (G-RES) LEFT LOWER RIB 3 ~ PELVIS (GTTRANS) 
.......... Figure 9. Collision angle and dummy injury values. (G-TRANS) 

Figure 1i. Impactor shape and dummy injury values. 

Effect of Collision Angle 

[n order to understand how the collision angle between 
vehicles influences the dummy injury value in car-to-car First, in order to examine the effect of the vertical 
side crash tests, sled tests were conducted at collision section of the door, sled tests were carried ont using the 
angles of 90°, 75°, 60° and 45°. The test results are shown impactors shown in Figure l0 and a 90° collision angle. 
in Figure 9. As shown in Figure 11, the injury values and O 

The injury value of the dummy chest and pelvis change waveforms at the dummy chest and pelvis vary with the 
with the collision angle. If the dummy collision velocity shape of the impactor, A, B or C. The characteristics of 
is the same, the dummy chest injury value shows a min- the impactor of each shape are as follows: 
imum when the dummy chest is impacted at a 90* angle. Shape A... This shape is characterized by the resultant 
This is primarily due to the characteristics of the dummy G at the lower thoracic spine being higher than that at 
chest which will be discussed in more detail in later the upper thoracic spine. 
paragraphs. Shape B... The transverse G at the pelvis increases, 

and the resultant G of the upper thoracic spine does not 
Effect of the Body Side Deformation decrease. 

Shape C... The transverse G at the fibs on the strack 
The two experiments mentioned below were conducted 

side increases, and the transverse G at the pelvis decreases. 
to clarify how the deformation of the body side (door, 

As described above, the injury value at the point where 
center pillar, etc.) influences the dummy injury values in 

the impactor first comes into contact with the dummy 
side collisions, 

increases. Accordingly, it is desirable that the body side 
be designed so that it deforms with a uniform load dis~ 
tribution throughout the whole dummy. 

SHAPE-A SHAPE-B SHAPE-C In order to determine how the deformation of the body 

~ 

~l 

~~ 

side at a 60° c°llisi°n angle influences the dummy injury 

value, sled tests were carried out using the impactors, D~ 
E and F in Figure 12. The results are shown in Figure 
13. 

The injury value of each part of the dummy varies 
greatly with the shape, D, E or F. For example, comparing 
shape D with shape E, the injury value of the dummy 
pelvis increases rapidly, because the latter length is I00 

Figure 10. Shapes of impactor (No. 1). mm shorter. Also, shape F causes a higher chest injury 
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SHAPE-D SHAPE-E SHAPE-F 6 

A PADDING . I 

~ 4 

’\, \\ ’\~ £3 
I 

Figure 12. Shapes of impactor (no. 2). 
Z 

2 

value and a lower ~lvis i~u~ value as comp~ed with D C PA~ING 
sha~ D. 

!~en the impactor collides with the dummy obliquely ] B PA 

as at a ~ co~ision angle, the way ~ which the impactor 
com~ into contact with the dummy’s thigh has a great 
eff~t not oNy on the dummy ~l~s i~u~ value, but also 

0 
~0 

on its chest i~ury value. 
Rewoducibili~ of ~ummy I~iuq Values~The dummy AMOUNT 0F CNUSH 

i~ury values are found to be influen~d by parameters 
such ~ the ~llision vel~ity of the body side with the 
dummy, collision angle of the body side with the dummy, ~ure ~ 4. Static crash charactedst~cs. 

derogation of the ~dy side, etc., but are reproducible 
to ~me degr~ under the same sled t~t conditions, sion phenomena must have good reproducibility. How- 

Accordingly, in order to ob~in satisfactory repro- ever, in actual c~-to-car side crash tests, the 
ducibility of dummy i~u~ vNues in a car-to-car side reproducibility of these parameters is poor and the inju~ 
cr~h test, thee p~ameters representing complex colli- value of each pa~ of the dummy vanes. 

COLLISION ANGLE: 60° Characteristics of Padding Materials 
COLLISION VELOCITY : 25 km/h 

Padding materials of different characteristics were pre- 
120r pared and their effectiveness was examined by sled tests. 

The tests were conducted at a 90* collision angle and the 

100i 
~ SHAPEF~ S 

impactor shape A was used (see Fig. 3). 
Characteristics and Effect of Padding Materials--In or- ~ .... 

~"::~:::~., ~ ~__ der to determine how the dummy injury values change ~ \~- SHAPE E 
_o with the thickness and characteristics of the padding ma- 
~~, terial and the dummy collision velocity, padding mate- 

~ dais, A, B and C, which are 50 and 30 mm in thickness 

~ 50~- and have the static crash characteristics shown in Figure 
L L_~ SHAPE D 

~ 14, were made and evaluated by sled tests. These evaluated 

~ results are indicated in Figure 15. 

~ t When the pad thickness is 50 mm, the soft padding 

material C gives good performance at a collision velocity 

~. below 25 km/h; however, at a collision velocity of 30 

4 kin/h, padding material C is too soft and padding ma- 

LEFT UPPER RIB --~..    (~ UPPER THORACIC 
terials B and A show better performance. Further, when 

(G-TRANS) .... ~ SPINE (G-lIES) 
the pad thickness is 30 mm, while padding material C 

~ ~L-_L-~ ~ LOWER THORAC C bottoms out even at a collision velocity below 25 km/h, 

/FFT lOaNER RIB ~ ...... ~ ~ SPINE (G-RES) padding material B provides good performance at a col- 
--(G-TRANS)-" .... I " ~ ~5; PELVIS(G_TRANS) lision velocity below 25 km/h. 

As described above, because the dummy injury values 

Figure 13. Impactor shape and dummy injury values, vary with the thickness and characteristics of the padding 
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cause a second and third collision may follow the first, 
MAX RESULTANT G 3MS AT CHEST making the vehicle behavior very complicated, the seat 

~00~ PAD THICKNESS 50 mm 100, PAD THICKNESS: 30 n .... belt seems to have an effect which cannot be evaluated 
~ ~ . ~ by this sled test. 

a ~,’, PADDING 
~ 

a -A PADDING CHARACTERISTICS OF HSRI SIDE IMPACT 

........... 2o     ~     ~o 20     Y5     @o 
DUMMY CO USION VELOCITY km h DUMMY COLLISION VELOCITY (kin h, The characteristics of HSRI side impact dummies were 

examined by drop tests and sled tests, and thee test results 
were compared with the Hybdd-II dummy. 

Figure 15. Dummy collision veloci~, pad thickness and 
dummy chest inju~ values. 

material and the dummy collision velocity, it is necessary COLLISION VELOCITY : 20 km/h 
to take these relations into account when selecting pad- lOO 
ding material. 

Relation between Pad Thickness and Dummy 1n jury 
Value--The relation between the pad thickness and t3Omm 
dummy injury" value was investigated using padding ma- 
terials 30, 50 and 80 mm thick. The results are shown in 
Figure 16. 

The 80 mm thick padding material is effective even at 
a dummy collision velocity of 30 km/h. Despite the fairly ~ /-t5Omm 

good characteristics at a dummy collision velocity of 20 ~ ~-tSOmm 

............ km/h, the 50 mm thick padding material bottoms out at 
........... 30 km/?L In order for a 30 mm thick padding material 0 

to provide a satisfactory padding effect, appropriate ma- 
terial and further improvement in crash characteristics of 
the padding are required. 

Therefore, the padding material must be more than 80 COLLISION VELOCITY : 30 kmih 
mm thick to obtain a satisfactory padding effect. In order 

150~ 
to avoid spoiling the roominess of the vehicle, it is nec- 
essary to develop a thinner padding material in providing t30mm 
good padding effect. 

Optimum Combination of Padding Materials for Chest ~10o 
and Pelvis Levels--The injury value of each part of the 
dummy changes greatly depending on the padding ma- 
terials. A combination of padding materials for the chest 
and pelvis levels with different characteristics is a factor ~ 

5o~- that reduces the injury value of each part of the dummy. > 
~ 

[ ~ t8Omm The transverse G at the ribs on the struck side and 
transverse G at the pelvis vary depending on stiffness and 
the crash characteristics of the padding material, corn- 

0 pared to the resultant G at the thoracic spine. Based on 
a comparison between the padding materials for the chest 
and pelvis levels, the padding material should be softer 
and thicker for the pelvis level than for the chest level. 

(G-TRANs)LEFT UPPER RIB I ~.~ ~ 2              (G-RES-3Ms)UPPER THORACIC SPINE 

Effect of Seat Belts LEEr LOWER Rig 3- ~4 LOWER THORACIC SPINE (G-TRANS) k____% 5 (G-RES-3MS) PELVIS 
According to a sled test at a collision angle of 90e, the (G-TRANS) 

current 3-point seat belt shows no significant effect. 

However, in car-to-car side collision on the road, be- Figure 16. Pad thickness and dummy iniu~¢ values. 
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Characteristics Comparison between Hybrid- 
II Dummy and HSRI Side Impact Dummy 120 MAX RESULTANT G-3MS AT CHEST 

Dummy Head Characteristics--In the HSRI side im- ~ 
/-HY-II DUMMY 

pact dummies, the deformation of the chest and the lateral ~ 100 
rotation of the head is greater than in the Hybrid-II 
dummy, so that the former shows higher head injury 

Z V=30 km!h 
values than the latter (see Fig. 17). _o 

Therefore, the side impact dummy is improved because 
the lateral rotation of the head is not restricted by the ~, *~ L-SIDE IMPACT DUMMY 

shoulder and clavicle. ~ 50 z~,.~.i-HY-I! DUMMY 

Dummy Chest Characteristics--As shown in Figure 18, ~>_ 
~~ ~-V=20 km/h when the dummy chest receives a lateral impact, the chest 

injury value is smaller in the side impact dummy than in t L-SIDE IMPACT DUMMY 

the Hybrid-II dummy due to a damping effect. However, 
with an oblique impact, while the side impact dummy 0 9bo 6bo 
shows a higher injury value than at a 90° collision angle, COLLISION ANGLE 
the Hybrid-II dummy has a lower value. Both dummies 
display almost the same characteristics at a collision angle Figure 18. Variation of dummy chest injury value with colli- 
of 60°. sion angle (sled test). 

Therefore, the chest of the side impact dummy shows 
an improvement due to modification against lateral im- 
pact; however, the modification had little effect in an (see Fig. 19). This is because a greater load is applied to 

oblique impact, the pelvis when the chest has a large deformation. 

Dummy Pelvis Characteristics--Jud~lng from the 
dummy pelvis G, both the HSRI and Hybrid-II dummies 
provide almost the same characteristics in an oblique Relation between Collision Angle and Dummy 
collision, such as a 60° collision angle. But in a high-speed Chest Characteristics 
crash at a 90° collision angle, the injury value is higher 
in the side impact dummy than in the Hybrid-II dummy In order to examine the relation between the collision 

angle and the HSRI dummy chest characteristics in fur- 
ther detail, a sled test was conducted at collision angles, 

MAX RESULTANT G AT HEAD 

1401 MAX TRANSVERSE G AT PELVIS 

~ (IMPACTOR SHAPE a ) 120~- 120 

~ 
SIDE IMPACT 

~SIDE IMPACT DUMMY 

~ 8oF _o 

~ V=30 km/h 

407 
~~- V=20 km/t~ 

20~- HY-II DUMMY / z_ SIDE IMPACT DUMMY 
!-HY-II DUMMY 

0L ot 9b              60 

DROP HEIGHT (m)                                COLLISION ANGLE 

Figure 17. Comparison of dummy head injury values (drop 
test). Figure 19. Comparison of transverse G at pelvis (sled test). 
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collision angles of 60° and 45°, when the dummy collision 

100[ MAX RESULTANT G-3MS AT CHEST velocity was over 24 km/h. 

The reason for this is that when the impactor comes 
2          ~.                 into contact with the dummy thigh, the dummy rolls and 

~ 80i V 30 km/h 
the collision angle between the impactor and the dummy 

~ 

i 

chest changes. Thus the side stiffness of the dummy thigh 

~ 
is one of the factors that governs the dummy character- 
istics. 

~ 60i r V=25 km/h To summarize, the chest characteristics of the HSRI 
"’ side impact dummy vary with the direction of impact on 
~ ~ the chest, and the features are as follows: 
~ 

km/h 
Characteristics Caused by Lateral Impact to Dummy 

40i ~ Chest--Because the G at the ribs is damped by the damper 

I IMPACTOR 2 IMPACTOR and then transferred to the thoracic spine, G at the tho- 
SHAPE D SHAPE F racic spine becomes a G waveform with a lower peak G 

20~- .~Ck .~,Ck and has a slower rise compared to the G at the ribs. 

~%,~                                                 Characteristics Caused by Oblique Impact to Dummy 
Chest--The damper hardly functions, so the G at the 

o~--~ 
~ ’ thoracic spine is greater than at the ribs. Also, the lon- 

=90 ,~=7~    ’J=60~    /J=4~5 gitudinal G at the chest increases. 

COLLISION ANGLE 

.... SUMMARY OF SLED TEST 
Figure 20. Collision angle and dummy chest injury value. 

(1) This newly developed sled test method can control 
parameters such as the collision velocity of the body side 

90°, 75°, 60°, and 45°. Figures 20 and 21 illustrate the test with the dummy, intrusion of the body side into the 
results, compartment, deformation of the body side, collision an- 

The dummy chest characteristics differ with the col- gle and padding material. The method can approximately 
lision angle. When the dummy chest is impacted reproduce the injury values and behavior of the dummy 
obliquely, the chest injury values are higher and a G in the car-to-car side crash test, providing an effective 
waveform having a sharp rise and a high peak G is pro- measure for evaluating padding materials as well as for 
duced, examining the relation between each parameter and the 

Further, close correlation is observed between the dummy injury values. 
dummy injury value and the shape of the impactor. In (2) Table 1 shows the correlation between the major 
the sled test using a shape F impactor (in Fig. 20), the parameters that change in side collisions and the dummy 
chest injury value became higher as impact occurred at injury value. 
more oblique angles. A shape D impactor (in Fig. 20), There exists a very strong relation between the dummy 
the chest injury value did not rise considerably even at collision velocity and the dummy injury value, and the 

latter increases in proportion to the former. The dummy 
collision velocity required to reduce the resultant G of 
the dummy chest below 40 G 3 ms is less than 25 

COLLISION VELOCITY : 20 km/h 
though it varies with side deformation, pad characteristics 

IMPACTOR SHAPE " D 
and collision velocity. 

~=75° 
Table 1. Correlation between parameters and dummy injury 

~ 40~- 

~--{) = 90° 

values. 

~ 20 PARAMETER CORRELATION 

DUMMY COLLISION VELOCITY GREAT 

~ 
2j COLLISION ANGLE MODERATE 

INTRUSION OF IMPACTOR SMALL 
TIME (ms) 

4 IMPACTOR SHAPE                      MODERATE 

Figure 21. Comparison of resultant G waveforms at dummy 
PADDING MATERIAL CHARACTERISTICS MODERATE 

chest. 6 USE OF SEAT BELT SMALL 
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2 
2oo, 

’21 ,, 

~ Oq~._~/d _ TIME (ms) 

~ Figure 23. Characteristics caused by oblique impact to 
dummy chest, 

Figure 22. Characteristics caused by lateral impact to 
dummy chest. 

side, impact angle of the dummy to the body side, etc. 
A side collision is a complicated phenomenon compared 

There is some relation between the collision angle and to a frontal collision. In crash tests using actual vehicles, 

the dummy injury value. When the dummies collide at the reproducibility of each parameter is not sufficient even 

the same velocity, the injury value of the dummy chest under the same conditions and the injury value at each 

becomes higher in oblique impact or at collision angles part of the dummy varies. 

of 60° and 45°, than at a 90° collision angle. This is pri- 
marily because of the chest characteristics of the side 
impact dummy. CONCLUSIONS 

"]~Ile shal~ of the impactor, or the deformation of the 
body side, has a great effect on the injury value at each (1) The side impact dummy developed by HSRI shows 

pax of the dummy. Therefore, there is a need to examine the chest characteristics that vary greatly with the impact 
countermeasures that can reduce the injury value at each angle. In oblique impacts the correspondence of the 
pazt of the dummy unifo~nly, rather than at a ce~aJn dummy chest characteristics with the human chest char- 

pan of the dummy, acteristics has not been well established and many prob- 
Use of padding materials is an effective means of re- lems remain to be solved. 

ducing dummy injury values. In the present stage, how- (2) The side collision is a more complicated phenom- 

ever, the thickness of a pad, effective enough for occupant enon than the frontal collision. In crash tests using actual 

protection, will have to be more than 80 mm. A decrease vehicles, the reproducibility of each parameter is unsat. 

in the width of the compartment caused by using a pad isfactory even under the same conditions, thereby making 

of this thickness will lead to a decline in roominess tom- the reproducibility of the dummy injury values poor. 

fort. This will eventually necessitate the enlargement of Therefore, as things stand, even if an effectual dummy 

the body width resulting in a considerable increase in is developed, it will present problems to legally regulate 

body weight, the occupant protection performance of vehicles in side 

(3) Characteristics of HSRI side impact dummy collisions by such dummy injury values. 

The side impact dun’lmy impacted from the lateral 
shows head and chest characteristics which are apparently 
different from those of the Hybrid-II dummy displaying REFERENCES 
the full effect of the modified chest. However, in the case 
of an oblique impact, the side impact dummy shows the 
same characteristics as those of the Hybrid-II dummy 1. August Burgett, and William Brubaker, "The Role of 

and no effect of the modified chest, the Side of the Motor Vehicle in Crash Protection", 

Furthermore, it is already confirmed that the side im- SAE 820245. 

pact dummy chest characteristics agree with those of the 2. Richard M. Morgan, and Hal P. Waters, "Comparison 

human chest in lateral impact. However, the correspond- of Two Promising Side Impact Dummies", 8th ESV 

ence between the characteristics of the dummy and human Conference, Wolfsburg, October 1980. 

chests has not sufficiently been clarified in oblique ira- 3. Michael W. Monk, Richard M. Morgan, and Lisa K. 

pacts. Sullivan, "Side Impact Sled and Padding Develop- 

(4) Reproducibility of dummy injury values ment", SAE 801307. 

In sled tests, the injm-y value at each part of the dummy 4. L. M. "Morale" Shaw, and Dr. Carl Clark, "Side Ira- 

is, to some degree, reproducible under the same condi- pact Restraint Development and Evaluation Tech. 

tions, but varies according to change in parameters such niques", 8th ESV Conference, Wolfsburg, October 

as the dummy impact velocity, deformation of the body 1980. 
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5. A. Burgett and J. R. Hackney, "Status of National perimental Application of Advance Thoracic Instru- 

Highway Traffic Safety Administration’s Research and mentation Techniques to Anthropomorphic Test 

Rulemaking Activities for Upgrading Side Impact Pro- Devices", 7th ESV Conference, Paris, June 1979. 

tection", 7th ESV Conference, Paris, June 1979. 7. E. Franchini, Fiat Technical Presentation, "Side Col- 

6. J. W. Melvin, D. H. Robbins, and J. B. Benson, "Ex- , lision", 7th ESV Conference, Paris, June 1979. 

Side Impact Component Test Development 

CHARLES J. GRISWOLD "MOST EFFECTIVE" SIDE iMPACT 

Fisher Body Division-General Motors COMPONENT PERFORMANCE 

Corporation 
The case-by-case accident analysis (2) has been ex- 

panded by an in-depth study of the "key elements" of 
the body design in these accidents. "Key elements" are 
the individual components such as interior panels, upper 

INTRODUCTION interior pillars, door latches, hinges and structural mem- 

bers that function in their own specific way in a side 
General Motors has been engaged in a concerted effort impact. It has been found that no single accident config- 

to develop improved methods of occupant protection in uration can be chosen as a "typical" side impact accident; 
vehicles involved in side impact accidents. At the Eighth it is not even possible to pick a single situation that is 
Experimental Safety Vehicle Conference we discussed the "worst case" for all components, since each accident has 
wide spectrum of conditions and configurations that are its own combination of loading and impact conditions. It 
represented in side impact accidents. We also discussed does appear possible, however, by studying the results of 
concepts of component tests which could be designed to a variety of accidents and!or reconstructing some of the 
encompass the variety of requirements of a body design conditions in research-oriented car-to-car tests, to deter- 
in providing improved occupant protection under these mine "worst case", or perhaps a better term, "most el- 
varying circumstances. Since then, we have periodically fective" performance for each of the "key elements" in a 
reported on the development of hardware for component vehicle design. These "most effective" characteristics can 
tests that can be expected to be reliable and repeatable, then be used in choosing and developing component tests 
as well as flexible enough for the specific evaluation of for each "key element". 
each significant key element that contributes to overall 
side impact protection. This paper will cover the current 
status of the test hardware development and will also ACCIDENT ANALYSIS WiTH CAR-TO-CAR 
discuss some test work that is providing insight into the ACCIDENT RECONSTRUCTION 
relative effects of exterior structure and interior energy 
absorption. The understanding of this relationship is an As an example of this, the in-depth study raised some 

important factor in the choice and design of exterior and question about the effect of intrusion on injury. Many 

interior tests, high injury accidents have a high amount of instrusion, 
Currently, the output from this research is being however, a review of low injury accidents produced ~- 

merged with the work of others in a joint Industry-Gov- stances of relatively substantial intrusion with little ac- 

ernment test development study sponsored by the Amer- companying injury. Since exterior structure is used to 

ican Motor Vehicle Manufacturers Association and the control intrusion, some car-to-car accident reconstruction 
National Highway Trat~c Safety Administration. This is tests were run to study the effect of body structure de- 

a seven step program in which the first three steps, which signed specifically to reduce intrusion. These tests, which 

are studies of Accident Data, Test Effectiveness and Bio- were described in detail in our October 1981 Report (5), 

mechanical Criteria, are nearing completion as scheduled, showed that while added structure could substantially 

These studies will serve as a basis for steps four and five, reduce intrusion, this reduction, in turn, yielded pro- 

in which component and full-scale test methodology will gressively diminishing returns in impact reduction for the 

be assembled and demonstrated. All of this will lead to occupant, especially in terms of the additional mass re- 

the final steps of Test Evaluation and Estimation quired. The tests also indicated that the interior stiffness 

of Benefit. General Motors is strongly supporting this of the door inner panel surface was a more effective factor 

effort as a sound and rational means of reaching the goal in controlling the impact against the occupant than re- 

of improved side impact performance. (Figure 1.) duction of intrusion. 
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To test this thesis, another car was built and tested to increase in the medium and heavy modification tests, 

under similar conditions. This car had minimum intru- If the panel stiffness had remained the same, we would 

sion-reducing exterior body structure. Instead, the pri- have expected some reduction in impact as shown by the 

........... mary impact-reducing feature was an energy-absorbing dotted squares, following the pattern seen in the Chest 

door inner construction. This construction utilized the acceleration results. 

door thickness between the outer and inner panel as the This description has been repeated from the more de- 

working acceleration distance to absorb the "second im- tailed 1981 report to serve as a comparison for the "en’ 

pact" between the door interior panel and the occupant, ergy-absorbing inner panel" test results. 

The results of this "energy-absorbing inner panel" car In this test, the energy-absorbing construction was lo, 

test are shown in Figure 2 superimposed on the chart of cated in the lower part of the door adjacent to the Pelvis. 

results from the 1981 "intrusion-resisting structure" car The door panel next to the Chest was unchanged from 

tests. To review, these tests are 33 mph car-to-car side the previous tests. The exterior body structure was similar 

impacts at 90 degrees with both striking and struck cars to the light modification with some improvements that 

equally weighted. A Part 572 dummy with no arm was reduced the weight penalty to around 6 pounds. 

used to provide relative occupant impact measurement The Pelvis acceleration was reduced to about 60% of 

without reference to any absolute injury level or criteria, the baseline test, which even the estimated "best ex- 

Dummy acceleration measurements were recorded at pected" performance of the heavy 40 pound exterior struc- 

Chest and Pelvis heights, and are charted against intrusion ture modification was not able to approach. 

at the same heights. A significant conclusion that can be reached from this 

In the "intrusion-resisting structure" tests, the light, is that the inner panel energy absorption capability is 

medium, and heavy structures (12, 20, and 40 pounds, shown to be a "most effective" characteristic. Conversely, 

respectively) showed reduction in intrusion at both Chest adding stiffness to the exterior structure was found to be 

and Pelvis heights corresponding with the weight of the much less effective, especially in terms of the mass in- 

particular modification, crease involved, partly because of the diminishing return 

At the Chest level, the impact accelerations also showed in impact reduction with reduced intrusion, and partly 

a decrease with each modification, however with a marked because the added structure can actually add to the effect 

diminishing return as the modification weight increased, of the interior impact against the occupant. 

........... At the Pelvis level, the added exterior structure served To further illustrate the "diminishing return" of ex- 

to stiffen the inner panel, causing the impact accelerations terior structure modifications exhibited in these tests, let 

us look at the floor pan and door inner panel velocities 

that were measured. (Figure 3). 

~ ~-~ The principal purpose and effect of exterior structure 
/75 ~ stiffness is to accelerate the struck car, and by a trade- 

....... 

[~~ 

~1[~] Off in energy, decelerate the striking car. The amount of 

~ /5o 
~.~ side intrusion is the result of this interaction. The less 

~ intrusion allowed, the quicker the trade-off of energy, and 

~ 125 
the slower the striking car will be moving at the time of 

i 
velocities of the striking and struck cars are plotted, Point 

/ 
"C", where the velocity traces cross and are equal, is the 

point in time when maximum intrusion has taken place. 

Beyond this time, the two cars are beginning to separate. 

~ l ~~-i(~)~ 
An effective structure would seem to be one that traded 

50 off velocities quickly enough to cause Point "C" to occur 

The occupant, of course, is actually struck by the door 
25 

- . inner panel as the door is "intruded". Figure 4 shows the 
door velocity curves superimposed on the previous charts. 

O ] I    1 
i     I    I 

At the beginning of the car-to-car impact the door quickly 
0 5 IO    15    20 25 

STRUCK VEHICLE CRUSH (INCHES) becomes an extension of the front of the striking car, and 

at the moment of occupant contact the velocity of the 
B- BASELINE 

0- CHEST i striking car essentially determines the velocity of the door H’~EAVY WE 

M-MEdIUM WT, F-q- PELVIS~ inner panel. 
L-LIG~-T wT, 

£-ZOCR E.A. - ............. In all of these tests, occupant contact occurred about 

28 milliseconds after initial vehicle contact. Point "C", 

Figure 2. Side crush vs. occupant acceleration~ common velocity, occurred at !02, 81, and 74 milliseconds 
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90 DEGREE CAR TO CAR SIDE IMPACT CAR DOOR TIME 
STRUCTURE VELOCITY VELOCITY 

CRUSH PT. "C" 

LIGHT ,- ......... ~ ~ 22 102 

MEDIUM 

~° ~I 

18 

1 

81 
STRIKING CAR 

o~ 50 "CH" 

HEAVY 14 74 

"cM .... CL,, 

20                                              ~       ~ ~ 

STRUCK CAR 

0 20 2g 40 60 80 100 120 

~IM~ --- AglgR CAR lO CAR CONI~CT - NIkkIS[CON~S 

Figures 3 and 4. 

respectively for the "Light", "’Medium", and "Heavy" method which works by trading energy with an impacting 

modification vehicles. It can be seen that in these tests vehicle. This method is dependent on the ratio of the mass 

most of the energy "trade-off" occurred after the occupant of the striking car to the mass of the struck car (Figure 
had been struck, even though substantial reduction in 5). If the two cars have equal mass, the velocity at Point 

intrusion had been accomplished. In addition, the "di- "C" will be about half the original striking velocity. If 

minishing return" effect of this method of energy man- the striking car is heavier than the struck car (big car to 

agement is illustrated in that while the reduction in small car) the Point "C" velocity will be increased in 

intrusion was approximately equal between the modifi- proportion, reducing the effectiveness of the energy trade- 

cations, the reduction in the time to reach common re- off. In the case of a single car sliding into a pole or object 

locity b~ame progressively less for each modification, that is fixed and immovable, no energy trade-off can take 

The mass required to reduce intrusion is dependent, of place, making exterior structure ineffective. 

course, on specific design factors, however it seems rea- 

sonable to assume that a further reduction in intrusion 

would require further increases in mass in the same pro- 

RELATIONSHIPnEXTERIOR STRUCTURE 
VERSUS INTERIOR ENERGY 

CAR-TO-CAR CAR-TO-CAR CAR SIDEWAYS 

EQUAL MASS LARGE (HEAVY) INTO ..... 
In summary, then, the use of "exterior structure" or INTO SMALL FIXED POLE 

"interior energy absorption" can be viewed as two sep- (LIGHT) 
arate methods of controlling the impact against the oc- 

cupant. The "exterior structure" method is an indirect Figure 5. Exterior structure ,’energy trade-off." 
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In contrast, the use of "interior energy absorption" is 
a direct method of reducing the severity of the impact to ) 

the occupant. It also provides reduction in impact in 
collisions with heavier vehicles and with fixed objects. 
While in theory, it would seem that both methods could 

be used simultaneously, in practical terms both methods 
are competing for the same "real estate" in the vehicle, 
the limited space between the occupant and the outside 
surface of the car. In the tests described earlier, it was . 
even found that exterior structure, while accomplishing 
its purpose of reducing intrusion and trading off energy, 
could actually contribute to, rather than reduce, the im- 
pact against the occupant. Conversely, the test using the 
available "real estate" to absorb the second impact, with- 
out attempting to reduce intrusion, yielded more effective 
results because of the "most effective" characteristic of 
energy absorption of the interior. These tests demonstrate Figure 6. Torso area impactor. 
that the most efficient use of the available space and mass 
in the body side construction is in management of the 
second impact between the door and the occupant, rather 3. Velocity Measurement Capability 
than management of the initial impact between the two 
cars. The impactor velocity is measured just before impact 

and just after rebound. 

4. Pre-Crush Support Provision 

DEVELOPMENT OF THE DOOR LOWER We are currently experimenting with methods of "pre- 
INTERIOR IMPACT TEST crushing" the door to see if this is necessary to assure 

that the energy-absorbing construction will function after 
These observations, then, clear the way for the devel- being crushed from outside the car. Support provisions 

opment of a simple and direct test for the "most effective" for the door exterior are being incorporated in the impact 
characteristic of body side structure, interior energy ab- fixture. 
sorption. The basic concept of this test has been discussed 
earlier (3)(5). The test equipment with which we now are 
experimenting has the following principal features: LOWER INTERIOR IMPACTOR 

MECHANISM 

I. Compliance Representing the Human Thorax As can be seen from the photographs (Figures 7 and 

The impactor is designed with internal compliance to 8) the operating portion of the Lower Interior Impactor 

produce the dynamic characteristics of an impact between is relatively compact. The moving unit is supported by 

the occupant and the door inner surface. This is accom- 
plished bythe use of a two element device consisting of 
a relatively light impact face which is loaded compliantly 
during impact by the inertia of a larger mass acting 
through a spring and shock absorber system. The com- 
pliance is modeled after known human Thorax response 

(6). 

2. Impact Measurement Capability 

The impact intensity can be measured in three different 
ways, each of which could be used separately or in com- 
bination: 

(a) Deflection of the larger mass with respect to the 
impact face. 

(b) Acceleration of the impacting face. 
(c) Acceleration of the larger mass. Figure 7. 

507 



EXPERIMENTAL SAFETY VEHICLES 

PRE-CRUSH DEVELOPMENT 

It seems reasonable to expect that an effective lower 
interior body structure be able to maintain its interior 
energy-absorbing capacity after it has been subjected to 
the type of distortion which could result from the exterior 
collision. A simple way to evaluate this would be to pre- 
crush, from the outside, the portion of the door to be 
tested by the interior Impactor. We are currently exper- 
imenting with this as shown in the photograph (Figure ......... 
9). The exterior crush face being used is a solid bumper 
face similar to the section used for the Part 581 Bumper 
Test. This type of pre-crush conditioning should promote 
the type of energy-absorbing design that will perform in 

Figure 8. a variety of side impact accidents. 

two linear ball bearing units running on the 2 inch di- HEAD AREA IMPACTOR 
ameter shaft mounted below the tubular mounting beam. 
The unit is designed to be operated inside a full vehicle The head area Impactor (Figure 10)has been described 
body. The mounting beam can be inserted into the body thoroughly in the 1981 report ((5) and Appendix 1) and 
through an open window or door. Mounting beams of a detailed engineering description along with part draw- 
various shapes, or an articulating beam, can be used to 
accommodate various body configurations. 

The moving unit itself weighs 50 pounds and is 28.5 
inches long. The velocity range is variable up to 30 mph. 
Tl~e details of the stored gas propulsion system and con- 
trols are similar to the Head Area Impactor described in 
our 1981 report ((5) and Appendix Figures 1-4) since the 
basic propulsion concept is the same. The working travel 
is 17.3 inches, of which 7.5 inches is used for acceleration 
and 9.8 inches is available for impact measurement. 

The device is now being evaluated and supplementary- 
mechanisms are being assembled. The next step is to 
compare impact responses with other known Thorax test 
devices. 

EVALUATION TEST PLAN 
Figure 9. 

While this test device has been designed using human 
cadaver impact response data, it was noted in the 1981 
report that this data spread was considerable, which is 
understandable given the wide range of human architec- 
ture. It seems useful, then, to establish comparison in- 
formation for this device with other existing Thorax test 
devices. 

To accomplish this, we plan to run a series of sled test 
evaluations using the general method followed in the SAE 
"Round Robin" Anthropomorphic Test Device series. 
~e Impactor will be mounted on a sled fixture as shown 
in Figure 8 and allowed to freely impact various test 
surfaces at several speeds. The Impactor outputs can be 
compared with similar test results with other Thorax test 
devices. The ultimate objective, of course, is to develop 
a repeatable and reliable test tool that will also be simple 
enough for efficient development of body interior design. Figure 10. 
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ings of the prototype have been made available for public terior immediately adjacent to the occupant to have a 
use. This Impactor is proving to be a reliable, repeatable somewhat higher energy absorption capacity than the 

and versatile test device, forward, less contactable areas. The upper interior test 
Tests have been run to evaluate the effect of using a can cover areas that are seen as contact points in accident 

soft covering similar to the dummy head skin. It has been analysis, but are seldom contacted in full-scale testing. 
found that the difference in test results using the soft 
covering as compared to the original hard face is negli- RELATED SIDE IMPACT COMPONENT 
gible. Because of this, we are intending to use only the TESTS 
original hard face in future testing, especially since the 

........ hard face has the potential for being more sensitive to Since many injuries in side impact accidents occur as 
........... hard spots, 

a result of the impact between the door interior and the 
occupant, the interior tests just described can be consid- 

"MOST EFFECTIVE" SIDE IMPACT TESTS ered to be the "performance" tests needed to evaluate a 
vehicle design. Other tests, however, are important to 

It can be seen from this discussion that the most el- assure that body integrity is maintained under side impact 
fective vehicle body characteristics are those that relate accident conditions. The low incidence of door hinge and 
to "interior energy absorption." The interior component lock separations as shown in the accident analysis (2) is 
tests described are a direct, repeatable and reliable means an indication that present door lock and door hinge test 
of evaluating this characteristic. The areas (Figure 11) procedures are successful in promoting designs that func- 
that can be evaluated can reasonably cover any contact- tion well in real accidents. We have seen in extreme cases 
able area, much as current FMVSS Instrument Panel tests that the body attachment may have an effect on lock or 
do now. It would be reasonable to expect the lower in- hinge performance. We are experimenting now with tests 

Figure 11. Impact zone. 
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that will also evaluate the mounting provisions to the tween the occupant and the interior surface. It 

door and body st~acture, appears reasonable that the bio-mechanical relation- 
ships being used to calibrate other anthropomorphic 

CURRENT FMVSS 214 DOOR BEAM TEST 
test devices could be used to calibrate the outputs of 
the interior Impactors. 

The most important function of exterior structure is to 
maintain body integrity. Analytical techniques, such as CONCLUSION 
are described in the companion side impact paper by Chi 
Mou Ni (6) are being developed to predict structural 

In summary, it has been shown that there is a need for 

performance in side impacts, 
both full-scale and component test methodology in the 

The current FMVSS 214 test procedure includes a tocal 
development of improved side impact protection. The full- 

stiffness requirement for the first six inches of crush that 
scale test is an invaluable tool for simulating accident 

produces a relatively thick and heavy door beam. It has 
configurations for intensive research into the mechanisms 

keen shown that this space requirement "competes" for 
involved in specific situations. A full-scale test, however, 
must be instrumented and observed thoroughly and the 

ro:~m that would be more efficiently used for management 
results analyzed carefully. It is very useful in the deter- 

of the interior impact. We are experimenting with an 
exterior test which would promote the ability of door 

mination of "what may be happening" in a particular 

outer structure to deflect exterior collisions without 
accident configuration. It is much more difficult, because 
of the complexity of the test, to determine actual vehicle 

countering the effect of the energy-absorbing character- 
istics needed from the interior of the door. 

performance. 
A vehicle’s performance in an accident is the combined 

performance of all its components. Once the "most ef- 
BENEFIT ANALYSIS fective" performance characteristics have been deter- 

mined, individual requirements can be established for 
The ultimate purl:~se of improved test capability is that each component and these can be evaluated reliably and 

designs that will be evaluated by these tests will result in repeatedly by properly designed component tests. This 

improved occupant protection in field accidents. It would direct, simple approach will enable the manufacturers to 

seem desirable to find a means of showing the actual field concentrate on the important process, the design of el- 

benefit that will accrue from the application of these test ficient body components to improve occupant protection 

procedures, in real accidents. 
Several different methods have been suggested: 

, Direct Incremental Improvement REFERENCES 
A simple and direct procedure would be to use the 

1. NHTSA Docket 79-04; Notice 1--Comments of Gen- 
test methods described here to sample existing cur- 

eral Motors Corporation Regarding Side Impact Pro- 
rent production vehicles to establish a mean level of 

tection (FMVSS 214) USG--1903. 
performance. An improved (and practicable) level of 2. General Motors Corporation--Side Impact Insights 
performance could be established and used as a basis 

From General Motors Field Accident Data Base---R. 
for projection of field benefit. Mehta, J. C. Pearson, R. A. Wilsonu8th ESV Con- 

, Validation with Demonstration Full-Scale Tests ference--October 21, 1980. 
3. General Motors Corporation--Side Impact Subsystem Typical examples of "baseline" and "improved" ve- 

hicles, evaluated with component test methodology, Test Development---C. J. Griswold, R. A. Wilson, R. 

could be compared on a "one-time" basis in a dem- Mehtau8th ESV Conference--October 21, 1980. 

onstration in which a wide enough variety of test 4. Twenty-Third Stapp Conference---Modification of 
Part 572 Dummy for Lateral Impact According to conditions could be included to encompass the spec- 

trum of side impact accidents. This procedure would Biomechanical Data--R. Stalnaker, C. Tarri~re, A. 

make use of the availability of a test dummy which Fayon, G. Walfisch, M. Balthazard, J. Masset, C. Got, 

would be able to evaluate injury level in the full- A. Patel. 

scale tests. After the validation procedure has been 5. NHTSA Docket 79-04; Notice I--048 General Motors 

completed, the component tests could be used as Corporation--Side Impact Subsystem Test Develop- 

direct and repeatable evaluators for future designs, ment--Progress Report--October 1, 1981--USG 2092 
Part II. 

¯ Direct Application of Bio-Mechanical Data To Cali- 6. General Motors CorporationmVehicle Side Impact 
brate the Impactors for Injury Level Structural Analysis--Chi Mou NimNinth Interna- 
The interior Impactors have been designed to pro- tional Technical Conference On Experimental Safety 
duce the dynamic characteristics of an impact be- Vehicles--November 1, 1982. 
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APPENDIX SUMMARY 

An interior head impact test system which meets the 
above criteria has been developed. Currently, a working 

Automotive interior model of the impact device and beam assembly is oper- 

Head Impact Test ational (Figure A-2). Parameter and prooftesting of the 

System-Operation Procedure 
impact device (up to 30 kin/h) has been completed. 

DISCUSSION 

The following discussion consists of design features, a 
general operating sequence, and a standard test procedure ABSTRACT 
for the interior head impact test system. 

An automotive interior head impact test system has Features: 
been developed to assess head injury potential due to 
impact with a vehicle interior. This report documents 1. Moving mass approximates that of a human head 
design features, operating sequence, and test procedure (approximately 5 kg). 
for this laboratory tool. 2. Curvature of impacting surface approximates that of 

a human head (165 mm spherical zone surface). 
3. Motion of moving mass is linearly constrained to 

OBJECTIVE                                          one degree of freedom by a low friction, high rigidity 
bearing system to minimize sensitivity to side loadh~g 
from angled impacts and off-axis impact pressure 

The objective of this project was to design and fabricate distributions (Figures A-3 and A-5). Maximum 
a laboratory tool for assessing head injury potential due crush of the impacted surface of at least ! 18 mm 
to impacts with a vehicle interior. The test system design can be accommodated. 
criteria included the following capabilities:                 4. There are no significant extraneous forces acting on 

the moving mass in the direction of motion while it 
1. Assess head injury potential due to impact with a 

is in contact with the impact target. This results from 
passenger car interior, especially as a result of a 
vehicle collision to the sides or quarters (i.e., oc- 

a low friction linear bearing system (Figures A-3 and 

eupant head contact with the top of the vehicle door 
A-5), rearward-vented gas discharge (Figure A-4), 
free piston design (Figure A-4), and ventilated push- 

trim pad, roof rails, "A" and "B" pillars, side glass, 
rod (Figure A-4). 

and windshield header). 5. Head impacts at speeds up to at least 50 l~’n/h can 
2. Measure energy absorption characteristics of a ve- 

be simulated. However, the safety systems have only 
hicle interior in a manner related to impact with an 

been prooftested to 30 km/h. 
occupant’s head. 6. Head form acceleration is measured by an integral 

The design (Figure A-l) permits use with a complete accelerometer (Figure A-4). The signal may be proc- 

automotive vehicle requiring a minimum of preparation, essed to obtain injury assessment parameters such 

An alternative approach where only a removed portion as maximum acceleration, Gadd Severity Index, or 

of a vehicle is supported by a test fixture permits use of other measurement functions. 

the impact test device for vehicle interior component test- 7. Measurement of head form velocity prior to and after 

ing. The test system can also be used to impact areas of the impact event is made by an interrupted light 

head contact identified from analysis of field accident data beam transducer (Figures Ao3 and A-5). Energy ab- 

for side collisions, and can duplicate the direction of mo- sorbed by the impacted structure may be calculated 

tion at impact expected under actual accident conditions, as: 

Moving Mass 
Energy Absorbed = 

2 
(Velocity Out: - Velocity 

8. Velocity measurement correction for any motion of of an integral velocity ground reference accelerometer. 
the stationary portion of the light beam velocity 
transducer can be obtained from the integrated signal Velocity correction is calculated as: 
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Determine average value of the computed ground A. A pressurized gas reservoir provides an energy 
ret’erence velocity over the time period from when storage medium. 

the velocity trap flag enters’the light beam to when B. A rapidly acting high flow area valve releases 
it exits. The end of the time period is indicated by the pressurized gas charge into the impact device. 

the velocity trap contact signal. C. A valve and mutter/diffuser rapidly and safely 
aborts the gas charge through a check valve to 

V(ac~) = V(light beam transducer) -I- V(ground rcf. correction) prevent moisture laden air from entering the 
pneumatic system. 

D. A gas flow swivel and mounting configuration, 
9. The head impact areas within the test vehicle can 

in conjunction with the two-axis angular adjust- 
be impacted in the appropriate directions through 

ment mechanism, allow the pneumatic system to 
mutual functioning of the following design features. 

clear the test vehicle interior. 
A. The impact device has a relatively short length E. Machine control is provided by a remote gas 

and small diameter, and requires a small pretest charge and pneumatic valve control console. 
spacing from the surface to be impacted. The F. A small orifice between the charge hose and the 
short length is rendered possible by a unique reservoir minimizes the effect of stored gas en- 
means for structural support, linear bearing con- ergy in the compliant hose connected to the res- 
figuration, angular adjustment, and common axis ervoir. This maintains a repeatable reservoir 
gas entry path (Figures A-3, A-4 and A-5), and volume. 
is particularly critical for downward impacts to 
the top of the door trim pad (Figure A-6). 

13. An electromechanical locking mechanism in the rear 
of the impact device provides additional protection 

B. A two-axis 180 degree solid angle angular ad- 
justment mechanism is used to orient, support, against accidental operation. 

and rigidly clamp the impact device (Figure A- 14. Electrical switches inhibit operation of the impact 

6). 
device unless the following conditions are satisfied. 

C. A structural beam supports the above angular A. Moving mass must be fully retracted. 

adjustment mechanism in a vertically offset man- B. Rebound energy control shock absorber must be 

her with sufficient length to extend through the fully extended. 

width of a vehicle (Figures A-1 and A-6). C. Locking mechanism must be fully engaged to 

10. A moving mass rebound energy control system pro- permit charging of the gas reservoir. 

tects the impact test device and prevents multiple D. Locking mechanism must be fully disengaged to 

impacts (Figure A-7). permit release of gas charge to actuate the impact 
device. 1 I. A moving mass over-travel energy control system 

protects the impact test device from significant me- 15. A magnetic device restrains the moving mass prior 
chanical damage by restraining the moving mass in to being accelerated for downward angled impacts. 
the event of over-travel (Figure A-7). 16. A pneumatic waste gate system with selectable orifice 

12. A pneumatic system accelerates the moving mass sizes permits low speed impact tests (Figures A,4 and 
(Figure A-4). A-8). 

512 



SECTION 5: TECHNICAL SESSIONS 

The Effects of Lateral Collision Speeds, Vehicle Side Stiffness and 
Occupant Spacing to the Vehicle Door Upon Initial Impact Speed of 
the Occupant 

S. BACKAITIS istics as well as occupant age and ’size factors are critical 

National Highway" Traffic Safety corresponding elements. Furthermore, secondary and 

...... Administration third impacts could also enter into the injury causation 

....... picture, but these are believed to be of lesser importance 

D. H. ROBBINS in the side impact mode. 

Highway Safety Research Institute This study aims to produce some insight of how vehicle 

University of Michigan stiffness and occupant spacing parameters can be effec- 
tively coordinated to minimize the initial occupant impact 
speed in side collisions. All other aspects of occupant 

....... ABSTRACT protection are beyond the scope of this study. 

The effects of vehicle impact speeds, door stiffness and 
occupant spacing with respect to the impacted door sur- APPROACH 

face on occupant collision speeds were investigated in 
simulated lateral impacts using the MVMA-2D model. This study employs the MVMA 2-D model (1) to preo 

.......... The study matrix included 10, 20 and 30 mph AV col- diet occupant initial impact speeds into interior surfaces 

lisions; 2, 4 and 6 inch occupant to door spacings; and of the vehicle (doors) as a function of side impact speed, 

two side structures of different stiffness characteristics, side stiffness of the vehicle, and occupant spacing to the 

The data showed that the control of whole door stiffness inner door panels. In this study, the MVMA 2,D model 

is more effective in achieving reduced occupant impact was converted to the side impact configuration. The oc- 

velocities than occupant spacing or the attempts to limit cupant model is seated on a simulated vehicle seat with 

the intrusions at either the upper or lower portions of the its feet resting on the simulated floor (Fig. 1). The door 

door. The study also showed that the height of the pre- panels are arranged in a vertical orientation adjacent to 

dominant intrusion controls the direction of occupant the side of the human simulation. At impact, the door is 

rotation and that increased lateral vehicle stiffness results permitted to collapse laterally towards the occupant with 

in lower residual occupant velocities. 

BACKGROUND 

Most of the lateral collision studies conducted to date 
compare the injury outcome to the occupant on the basis 
of forces, g-levels, severity indices, etc. These were arrived 
at using either mathematical modeling, experimental lab- 

oratory tests, or actual vehicle tests. While all of these 
attempts to predict injury have certain merit, each of them 
suffers from certain shortcomings with respect either to 
the ability to measure the desired phenomenon or to the               D~ 
rigorous definitions of the dynamic characteristics within 
the model which determine the impact response of the 
human simulation. 

The aim of this study is to circumvent some of the o2 

problems and uncertainties encountered in previous stud- 
~ .... li~ 

ies by comparing only the initial impact speed between 
the occupant and the interior surfaces of the vehicle door 
during lateral impacts. This paper is based on the as- 

fl .... line 
sumption that the initial impact speed of the occupant by 
the interior surfaces of the vehicle is one of the important 
factors in injury causation. It also recognizes the fact that Figure 1. MVMA-2D simulation in the lateral impact 

vehicle interior shape and energy absorption character- environment. 
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an overshoot of either 1.5 or 2.0 times the common vehicle 
speed which in turn causes the vehicle compartment to 
move underneath the occupant. 

The computer model exercises were performed under 
contract at the Highway Safety Research Institute 

Door 

(HSRI). The MVMA 2-D model was adapted for this 
purpose by lumping the right arm and its links with the 
torso. For the purpose of this study the masses of both 
legs were lumped together. The specifications of vehicle 
contact regions by the dummy are listed in Appendix A. 

I 
This model exercises aims to explore the importance 

of occupant spacing, vehicle side stiffness (doors), and 
vehicle differential velocities (AV) in the control of initial 
~upant impact speeds, thorax penetration and residual 
occupant velocities, and to quantify the changes when 
these parameters are varied. To some extent this study 
extends the scope of the investigation performed by Pad- 
gaor&ar (2) as reported in the 23rd Stapp Car Crash ~ Doo~ 
Conference. None of this work, however, was correlated 
to real world experiments, thus the validity of the con- 
clusions are subject to later verification. 

DESCRIPTION OF THE EXPERIMENT         ~         1~                    I~0 
Time (n~s) 

The selected impact speeds for this study were 10, 20 
and 30 mph with occupant spacing 2, 4 and 6 inches Figure 2. Acceleration and velocity profiles of the vehicle 

from the door irmer panel surface for each of the impact and its doors in lateral impacts. 

speeds. The door crush was established by assuming that 
the door is experiencing relative to the delta V of the cupant’s side if and when they come into contact with 
impacted vehicle a short duration velocity overshoot of each other. Because of some problems with the head-liner 
either 1.5 or 2.0 AV which then gradually drops off to geometry representation, this study compares only the 
the common vehicle speed. Figures 2a and 2b portray kinematics of the upper and the lower halves of the oc- 
graphically the acceleration and velocity pulse profiles cupant torso (represented by the interaction of the re- 
used in this study~ Their general characteristics corre- spective model ellipsoids with the door surfaces). The 
spend reasonably well with those cited in References 2, effects of head kinematics on the impact speeds of the 
6, 7, 8. Three types of vehicle deformations were consid- two torso surfaces appear to be negligible due to the fact 
ered t’or this study: 1) the complete door collapsing at a that in most instances it takes place only after the initial 
uniform rate and depth, 2) the upper part of the door impact by the torso has already occurred. 
collapsing approximately 30% more (at the outer door The maximum occupant impact speed values are es- 
panel) than the lower portion of the door, and 3) the tablished by adding the calculated thorax deflection rates 
upper portion of the door collapsing approximately 30% to the corresponding deflection rates of the door line 
less (at the outer door panel) than the lower half. In all (Table 2). In all instances, the maximum values occur 
cases this also causes some intrusion of the door inner within 0 to 4 ms of In’st contact. The tabulated data are 
panel into the occupant compartment, presented in digitized tabular form with calculated values 

To accomplish the above, the door was selectively al- listed in one millisecond intervals for a total duration of 
lowed at impact a short time overshoot of the impact 110 ms. This time duration appears to be adequate to 
speed at 2 × AV resulting in a larger door panel deflection provide a good visibility over the entire first contact crash 
and 1.5 × AV for the smaller door panel deflection. Table event and to assure the analyst that no other impact speeds 
1 summarizes the test matrix of the model exercise which exceed the value listed for that particular body region. 
consists of a total of 36 runs. Although the computer runs also generated a substan- 

The MVMA occupant model used in this exercise has tial amount of other occupant response data, only max- 
the 50% size characteristics mad represents essentially the imum thorax deflections and the rebound velocities of the 
Part 572 mass distribution. It is unrestrained to motion torso at the end of 110 ms were additionally extracted to 
except for the effects of seat and foot friction and the gain some further insight into the consequences of the 
existence of the door line which is adjacent to the oc- first impact speed. Analysis of other calculated responses 
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Table 1. MVMA-2D model lateral impact matrix (50th percentile occupant). 

G= 2, 4&6 in. 
~V IMPACT SPEEDS (MPH) lO 20 30 

IMPACT DURATION (MS) If0 IlO IIO 

TOTAL NO. OF RUNS 
MAXIMUM VEHICLE ACCELERATION (g) 7.2 14.4 21.6 

COMBINATION Z ~ Z ~ Z ~ 18 

D1 *(Acceleration - g) 143/-6.5 107.3/-3.2 (286/-13) 214.6/-6.5 429/-i95 322/-9 

FOR 2 ~V                Time - TI/T~ (MS) lO/IIO IO!llO ]O/lIO IO/IO0 I0/I00 iO/lO0 

OVERSHOOT D2 *(Acceleratio~ - g) 107.3/3.2 143/-25 (214.6/-65) 286/-13 322/-9.6 429/-19 

AND ].5~ V Time - TI/T2) (MS) lO!llO IO/lIO lOi]]O lO/IIO lO/IIO I0/110 

OVERSHOOT 

D1~ D2 INTRUSION at D~* (in.) 7.9 3.5 15.8 7.1 23.7 10.4 

D * (in.) 3.5 7.9 7.1 15.8 10.4 23.7 

COMBINATION 1_ ~ Z ~ Z ~ 18 

2AV 1.5AV 2~V 1.5~V 2z~v i.5Z~V 

Dl*(Acceleration 
- g) 143/-6.5 ]07.3/-6.5 286/-13 214.6/-6.5 429/-19.5 322/-9 

FOR 2Z~V Time -TIiT2 (MS) I0/110 IO!II0 10/IIO 10/110 ]O/lIO I0/110 

.... OVERSHOOT Dg*(Acceleration - g) 143/-6.5 107.3/-6.5 286/-13 214.6/-6.5 429/-19.5 322/-9 

......... AND 1,5~ V " Time - T1/T2 (MS) 10!ll0 10/ll0 10/tlO 10/1]0 10/1]0 10/110 

OVERSHOOT 
DI= D2 INTRUSION at ~ (in.) 7.9 3.5 15.8 7.1 23.7 10.4 

(in.) 7.9 3.5 15.8 7.1 23.7 10.4 

TOTAL NO, OF RUNS 6 6 6 6 6 6 36 

G - Occupant to door line clearance 
D]- Upper portion of the door iine 
D2- Lower portion of the door line 
* - Intrusion and acceleration values at the door level based on initially calculated values. Final values are listed 

in Appendix A. 

were avoided in order to maintain focus on ~he subject surface(s) is a straight vertical line. In addition, the floor 

of this investigation and to preclude the generation of and seat (occupant compartment) responses are indexed 

potentially erroneous conclusions which may be created to occur by a certain delayed phasing relative to the door 

by shortcomings in the characterization of the model, impact which may not necessarily reflect the realism of 
the accident event. The impact event is based on a uniform 
110 ms structural response duration for all impact speeds. 

LIMITATIONS A single time duration such as this probably does not 
.... reflect the average reality. However, for the purposes of 

This study, focalizing on impact velocities, is far from this study, in which the first impact of the occupant is 

ideal. It must be recognized that modeling is still as much the focus, a great precision for the pulse profile beyond 

art as it is science, especially when it involves the repli- the first contact is not needed. 

cation of the human being. The characteristics used in The results of this study are also highly dependent on 

the model at best only approximate the physical properties the definition used for the occupant impact speed. It is 

of the human. In many instances these properties are not defined as the summation of the deflection rates of either 

known in the dynamic response sense and in some in- the thorax or the pelvic bone ellipsoids and their respec- 

stances they are not well understood. It must also be rive door surfaces until the maximum is found at some 

realized that the two-dimensional model is a crude rep- particular time. In most instances, but not in all, the 

resentation of a three-dimensional event even if the event combined values are nearly identical to the inertial re- 

occurs along a uniplanar axis. The appropriateness of locity values calculated for the overall thorax at that 

lumping of masses to achieve kinematic realism in side particular time. When viewing the results, it should be 

impacts still needs to be verified, kept in mind that the impact speed calculations are based 

Unlike in the frontal collision mode, the side collision on idealized interactions of surfaces, such as undistorted 

simulation requires kinematic inputs of vehicle structures perfectly vertically oriented door-lines, armless human 

which even to date are only crudely understood. The simulations, etc., which certainly do not occur in this 

kinematics used in this study is based on idealized strut- form in real world accidents. Nevertheless, the authors 

tural responses which may not necessarily be occurring believe, that the model exercise provides on the basis of 

with that precision and sequence in real world accidents, inertial responses reasonably accurate data to allow the 

Furthermore, the three-dimensional event has been tom, prediction of trends within the bounds of the parameter 

pressed into a single lateral plane in which the initial load variance. 
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Table 2. Typical digital output format of the results. 

3D-2D: RI~T ARM-ARM LIdS/LEFT ARM-LUMPED WITH TORSO/RI~T A~ LEFT LEGS-LUMPED TOGETHER OCCUPANT IS STRUCK FROM LEFT SIDE 

ELLIPSE UPPER TORSO N~E OF T~RAX MATERIAL 

LINE DOORLINE ~ICH IS ~ ELEMENT OF REGION Dt MAOE OF DOOR ~ATERIAL 

DEFLECTION DEFL, RATE FORCE ON LINE IN SPACE ~ BODY SEG. 
TI~E LINE ELL1PSE LINE     ELLIPSE ~RMAL TAN~NTL, POSITION RATE X Z x Z 

(MSEC) (IN) (IN) (IN/SIC) (IN/SIC) {LB) (L8) (NOik~)IM,) (IN/SIC) (IN) (IN) (IN) (IN) 
0.0 0.0 0.0 O, O, 0,0 0.0 0.0 O, 0.0 0,0 0,0 0.0 
1,~ 0,0 0.0 O. O, 0,0 0.0 0.0 O, 0.0 0.0 0.0 0.0 

2.00 0.0 0.0 O, O, 0.0 0.0 0.0 O, 0.0 0.0 0.0 0.0 
300 0.0 0.0 O. O. 0.0 0.0 0.0 O, 0.0 0.0 0.0 0.0 

4,00 0-0 0,0 O~ O. 0,0 0.0 0,0 O, 0,0 0.0 0.0 0.0 
5.00 0,0 0.0 O, O, 0.0 0.0 0.0 O, 0.0 0,0 0.0 0.0 
6.00 0.0 0.0 O. O, 0,0 0.0 0.0 O, 0.0 0.0 0.0 0.0 
7.00 0.0 0.0 O. O. 0.0 0.0 0.0 O. 0.0 0.0 0.0 0.0 
8.00 0,0 0.0 O. 
9,00 0,0 0.0 O. O, 0.0 0,0 0.0 O. 0.0 0.0 0.0 0,0 

10.00 0,0 0.0 O, O, 0,0 0.0 0.0 O, 0.0 0.0 0.0 0.0 

19.~ 1.01 2,59 224, 1~, 1009.8 158.2 0,500 -8. -9.01 -29.0! 0.02 9,05 
20.0~ 1,23 2.77 220, 186, 1231,9 243,3 0,500 -10, -8,98 -29~01 0.02 9,05 

23.00 t.~ 327 221, !48, 1902,9 380.6 0.500 -18, -8,84 -29,0t 0.04 9,05 

26,00 2.10 4.09 38, 266, 3!28,9 625,8 0.501 -20, -8,55 -29.02 0.07 9.05 
27.00 2,14 4,34 33. 239, 3508,3 701.7 0.502 -19, -8,40 -29.04 0.08 9,05 
28.00 2.17 4.56 29. 2~. 3844.9 789,0 0.~3 -18, -8.22 -29.~ 0.10 9.05 
29.~ 2.19 4.76 24. 176, 4134,4 826,9 O,504 -14, -8.0t -29.10 0.12 9,05 
30,~ 2.22 4.92 19. 14t, 4372.7 738.8 0,507 -8. -7.75 -29.15 0.14 9.05 
31.00 2.25 5,02 31, 87, 4775.3 423.8 0.5t0 -4. -7~46 -29.21 0.17 9.04 
32,~ 2~31 5.~ 40, 29, 5378,4 240,5 0.513 -2. -7.1! -29.29 0.21 9.04 
33,00 2,33 5~07 g. 7, 5653~3 192.1 0,518 -2. -6.72 -29.39 0.25 9.04 
34~ 2.33 5.07 -22. -16, 5581,3 270.6 0.523 -2. -6,27 -29.51 0,30 9,03 
35,00 229 5.04 -53. -38. 5!64.6 429.6 0.529 -4. -5,77 -29.64 0.35 9.03 
35.00 2.23 4,99 -74. -64. 4484,7 667.6 0.536 -9, -5,22 -29.79 0.42 9.02 
37.00 2,21 4.85 -22. -t60. 4273.6 854.7 0.543 -13, -4.63 -29.95 0,49 9,00 
38,00 2.t8 4.67 -27, -197, 4006.2 801.2 0.551 -21. -3.99 -30.11 0.57 8.99 
39.00 2,t5 4,46 -32, -232. 3684,3 736,8 0.558 -30, -3.31 -30,29 0,65 8.97 

4!.00 2.08 3+92 -41+ -299, 2884.8 577.0 0,574 -54+ -1.83 -30.63 0.85 8,91 
42~00 2,04 3.61 -45. -328, 2414.0 482.9 0,582 -87, -1 04 ~30.81 0.96 8.87 

4500 1.45 2.96 -260, -181. 1454,6 2~.9 0.603 -102. 1.50 -31.26 1.35 8,69 
46,~ 1,2t 2.76 -246, -2~, 12tl.8 242.4 0,608 -111+ 2.38 -31.38 t.49 8.61 
47,00 0,96 2.55 -251, -212. 963,0 t92.6 0.612 -118. 3.28 -31,47 1.64 8.5~ 
48.00 0,71 2,33 -253. -2t4, 7!0,5 142,t 0.615 -124, 4.18 -31.53 1.79 8.41 

50.00 0.20 t,~ -251. -213, 204,0 ~0.8 0,617 -133, 5.99 -31,58 2.10 8.15 
5100 0.17 1.48 -34. -424, 169.8 34~0 0.617 -136, 6.88 -31.56 2.25 8.01 

54,00 ~ 0.05 0,26 -58. -375. 51.2 10.2 0.6~ -t41. 9.53 -31.33 2,73 7.47 
55.00 0.0 0,0 O, O, 0.0 0.0 0.0 O, 0.0 0.0 0,0 0.0 
56.~ 0~0 0,0 O. O. 0,0 0.0 0.0 O. 0.0 0.0 0.0 0,0 
57,00 0,0 0.0 O, O, 0,0 0.0 0.0 O. 0.0 0,0 0.0 0.0 
58.00 0.0 0.0 O. O, 0.0 0.0 0,0 O. 0.0 0.0 0,0 0,0 
59.00 O0 0.0 O. O, 0,0 0.0 0.0 O. 0.0 0.0 0.0 0.0 

61,00 0,0 0.0 O, O, 0.0 0.0 0,0 O, 0.0 0.0 0.0 0.0 

64~00 0,0 0.0 O. O, 0.0 0.0 0.0 O. 0.0 0.0 0,0 0,0 
6500 0~0 0,0 O, O~ 0.0 0.0 0,0 O, 0.0 0,0 0.0 0.0 

6800 0.0 0.0 O. O. 0,0 0.0 0.0 O, 0.0 0.0 0.0 0.0 
69.00 0.0 0.0 O, O. 0,0 0,0 0.0 O. 0.0 0.0 0.0 0,0 

71.00 0.0 0-0 O. O. 0.0 0.0 0.0 O, 0.0 0.0 0.0 0.0 
72~ 0.0 0,0 O. O, 0.0 0,0 0,0 O, 0.0 0.0 0.0 0.0 

75.00 0.0 0.0 O. O. 0.0 0.0 0.0 O, 0.0 0.0 0.0 0.0 
7600 0.0 0,0 O, O, 0.0 0.0 0,0 O. 0.0 0.0 0.0 0.0 

7800 0~0 0,0 O. O, 0,0 0,0 0.0 O. 0,0 0.0 0.0 0.0 
79,00 0,0 0.0 O. O. 0.0 0.0 0.0 O. 0.0 0.0 0.0 0.0 
80~ 0,0 0,0 O, O, 0.0 0,0 0.0 O. 0.0 0,0 0,0 0,0 
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TEST RESULTS AND DISCUSSION D2) 52% reductions of the impact speed of the thorax 
are achieved with 4 and 6 inches of occupant spacing at 

The calculated impact speeds of the thorax and the hip I0 mph vehicle AV, and 32% with 6 inches at 20 mph 

are summarized in Table 3 for the I0, 20 and 30 mph AV over the comparable 2 inch clearance. There are no 

impact speeds at 2, 4 and 6 inch occupant spacings from benefits obtained at 30 mph AV with any of the occupant. 

the door. The maximum penetrations of the upper torso spacings investigated. The pelvic bone does not experience 

ellipse due to door impact (region DI) are shown in Table any impact velocity reductions with occupant spacing 

4. above 2 inches at I0 mph AV. At 20 mph AV the 4 and 

Table 5 lists the rebound velocities of the thorax and 6 inch spacings produce reductions of 59%. At 30 mph 

the hips and the general angular orientation of the torso only the 6 inch spacing results in the reduction of pelvic 

relative to the vehicle at the end of the 110 ms crash impact speeds of 59%, whereas the 4 inch clearance re- 

period to indicate the remaining energy within the body duces these benefits to I 1%. 

and to permit the reader to estimate where secondary The data in Table 7 show that for impacts where in- 

impacts could be expected to occur. Positive velocity value trusion predominates at the lower portion of the door (D2 

indicates a velocity vector away and minus towards the > DI) additional spacing above 2 inches between the 

impacted vehicle surface. The vectorial representation of occupant and the door has no effects at 10 mph AV. At 

body orientation is with respect to the vertical and viewing 20 mph the effects of 4 and 6 inch spacing become quite 

from the rear of the vehicle, substantial for both the thorax and the pelvis. At 30 mph 

Data of Table 3 were dissected to determine the relative only the 6 inch spacing is of any value in reducing oc- 

increase or decrease of occupant impact speeds as a func- cupant impact speeds. 

tion of occupant spacing to the door line and of vehicle Table 8 compares the percent change of occupant im- 

.............. impact velocities. The results are summarized in Tables pact velocities against vehicle AV when the overall door 

6, 7 and 8. deflection (DI = D2) is reduced by approximately 30% 

The data in Table 6 show that for those crashes where (vehicle side is made dynamically stiffer). The data show 

the upper hal� of the door intrusion predominates (Di > a general decrease of approximately 25% of occupant 

Table 3. Thorax and hip impact velocities (MPH) for 2, 4, and 6 inch occupant--door spacings and 10, 20, and 30 MPH 

vehicle lateral impacts. 

Impact Velocity (MPH) 

Door Body 2* 4 6 

In t r u s i on Ar e a l 0___** 2~0 30 I_~0 2__0.0 3__~0 l~O 2__~_0 3_~_0 

D1 :~’D2 Thorax 17.6 39.7 59.8 8.4 39.8 60.2 8.3 16.8 60.3 

Dl~X 2A V 
Pelvis 6.1 30.1 44.2 6.0 12.3 39.4 6~I 12.3 18.1 

D2o¢I .5~V 

D2>D1 Thorax 6.1 30.1 44.7 6.1 12.3 44.9 6.0 12.3 18.3 

D2~ 2~ V 
Pelvis 8.3 39.5 56~7 8.2 25.6 60.2 8.3 16.7 45.7 

DlO~ 1.54 V 

D1 = D2 Thorax 17,6 39.7 59.8 8.4 39.8 60.2 8.3 16o8 60.3 

D1 = 2Z~V 
Pelvis 8.3 39.5 56.7 8.2 25.6 60.2 8.3 16.7 45.7 

D1 = D2 Thorax 6.1 30.1 44.7 6.1 12.3 44.9 6.1 12.3 18.4 

D2 = 1.5AV 
Pelvis 6.1 30.I 44.2 6.0 12.3 39.4 6.1 12.3 18.1 

* Occupant to door panel clearance (in.) 

** ~V of impacted vehicle (mph) 

D1 - Upper portion of the door 

D2 - Lower portion of the door 
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Table 4. Thorax penetration (inches) for 2, 4, and 6 inch occupant/door spacings and 10, 20, and 30 MPH vehicle impact 
speeds. 

Thorax Penetration (Inches) 

Door 2* 4 6 
Intrusion lO__** 2~0 3__~ lO 20 3’0 l__~O 2__~0 30 

Dl > D2 

Dl~<2~V 2.6 3.8 5.1 2.6 3.8 5.1 2.6 3.8 5.1 

D2~ 1.5~ V 

D2> DI 

D2:~. 2 ~V 
2.2 2.8 3.2 2.1 2.7 3.2 2.1 2.6 3.0 

DI(X 1,54 V 

D1 = D2 
2.6        3.6      4.9          2,6        3.6      4,9           2.6       3.6        4.9 

D1 = 2~ V 

DI = D2 

2.3                3.1            3.9                    2.3                3.1             3.9                      2.3              3.0                3.9 

D2 = 1,5Z~V 

* Occupant to door panel clearance (in.) 

** ~ V of impacted vehicle (mph) 

DI - Upper portion of the door 

D2 - Lower portion of the door 

Table 5. Torso orientation and residual velocities (MPH) of thorax and hip (MPH). 

Residual Ve]ocit~ (MPH) and Torso Orientation 

Door Body 2* 4 6 
Intrusion Area lO**       20 30 ]0 20 30 lO        20 30 

DI~D2 Thorax 3.0 6.5 10.4 3.7 4.7      8.6 3.5 5.3 7.4 Ol,<2,v I. 1.,.51o.7 /-o9 /.1.9/-o9 Zl.I 
O2m( 1.51V Pelvis 

Thorax -0.7 4.7 20.0 7.4 4.2 8.1 -1.9 5.6 5.6 

Pelvis ~3.4 ~6.4 ~k ].6 ~kk3.4 ~4.4 ~k-5.3 ~k 3.5 ~3.2 ~-2.1 

Thorax 2.5 4.9 ~IA 4.1 2.6 13.9 5.4 3.6 10.0 

Pelvis ~3.8 ~12,2 ~A ~3.6 ~12.0 ~19.0 ~3.8 ~11.4 ~18.3 

D1 : D2         Thorax O.l -I.9 -0.9 1.3 -1.7 -5.4 .lO 0 -5.0 

D2 = 1.5,V    Pelvis 
~O.l ~1.2 ~4.7 ~0.4 ~1.2 ~5.1 ~.6 ~0.9 ~4.7 

* Occupant to door panel clearance (in.) 

**~V of impacted vehicle (mph) ..... 

DI - Upper portion of the door 

D2 - Lower portion of the door 
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Table 6. % Change in occupant impact speeds vs. occupant 
door spacing for D1 > D2*. 

I Baseline Stiffness (BS) 

Table 7. % Change in occupant impact speeds vs. occupant 
door spacing for D2 > DI*. 

~ ~’°°      ~’° ~ .......................... Figure 3. Thorax impact velocity vs. vehicle AV in lateral 
~ o o o o c o impact. 

upper portion of the door yields generally the highest 

................................... penetration values. Stiffening the side of the vehicle to 

reduce the door intrusion by approximately 30% de- 

creases the thorax deflections approximately 11% at the 

10 mph vehicle AV, 15% at 20 mph, and 20% at 30 mph 

Table 8. % Change in occupant impact speeds vs occupant (Figure 4). 
to door spacing for 30% reduction of door intrusion. Table :5 shows, except for one instance at the 30 mph 

vehicle AV and 2 inches occupant spacing, an increase 

of residual occupant velocities with the increase of vehicle 

....... ~,v- ..... ~    ~ ................... crash speeds at the 1 l0 ms milestone for both the high 

................... and the low door loading conditions. Stiffening the whole 

................... door produces lower overall residual impact velocities, 

........ 2, .~, ...... 
There is some indication that larger occupant spacings 

tend to reduce the residual velocities of the thorax. 

Table 5 also contains vectorial information about the 

general angular direction of the torso orientation at the 

end of the 110 ms period. The indicated direction is with 

respect to the vertical and does not contain any data on 

the magnitude of the rotation. All of the impacts asso- 
impact speeds for the three collision speeds and at all 

elated with higher magnitudes of intrusion at the upper 
occupant spacings. These benefits are much more sub- 

stantial for the thorax which sees 69% reductions at 10 

mph with as little as 2 inches occupant to door spacing 

and at 20 mph with 4 inches clearance. Six inches of (stiffer door/baseline doo~) 

occupant spacing produce over 50% reductions of oc- 
cupant impact speeds at 30 mph AV. 

4~ 
Data of Table 3 were transposed to a bar graph in 

Figure 3 showing that the thorax impact speeds increase 3o 

by at least the same ratio as the increments in vehicle 

collision speeds. These ratios become exponential if the 20 

door intercepts a nearly stationary occupant in the early 
~0 

part of the intrusion and while it has a substantial velocity [-] 
content as demonstrated by the lower stiffness baseline 

vehicle. 
VEHICLE ~ V (mph) 

Table 4 shows the predicted thorax penetrations for 

various vehicle impact speeds and occupant spacings. As Figure 4. % Reduction in thorax penetration vs. vehicle AV 
may be expected, the predominance of intrusion at the in lateral impacts. 
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door level result in a clockwise occupant rotation. Other much effect relative to the time of occurrence of the first 

impact modes produce counterclockwise motion, except impact by the thorax and/or pelvis ellipses. The.data show 

for the one case at t0 mph AV, 6 inches occupant spacing (not listed) that thorax and pelvic bones sustained max- 

and stiffer side structure which allows the occupant to imum speeds before the initiation of head impacts. This 

remain essentially vertical due to very" low impact speeds may not be true for residual torso velocities and rotations 

transmitted to the occupant, especially in those cases where impact by the head occurs. 

This study, using the MVMA-2D simulation for in- The effects of head impact for these circumstances, how- 

vestigating the effects of occupant spacing and vehicle ever, were not investigated. 

collision speeds on the first impact speeds of the occupant, 
yielded some Lnteresting but not necessarily surprising 
results. The gross occupant kinematics agree fairly well 
with occupant motion analysis described by Padgaonkar 
(2), except that occupant contact durations are somewhat SUMMARY AND CONCLUSIONS 
shorter in this study. For initial occupant impact velocity 
studies this apparent difference is not an important con- The MVMA-2D model was employed to explore the 

sideration, effects of door stiffness, occupant spacing relative to the 
The occupant impact data show that maximum impact door and the intensity of the crash speed upon the initial 

speeds occur either at or within 4 ms from the first contact impact velocities of the occupant in simulated vehicle-to- 

with the door-line. The data indicate that highly amplified vehicle side collisions. Because of the nature of this two- 

occupant impact speeds are associated more with vehicle dimensional analytical study and the assumptions used 

(door) surface impacts into a relatively stationary occu- to characterize the door and the vehicle crash pulses, the 

pant rather than the occupant impacting relatively sta- results should be viewed only as an indication of trends 

tionary vehicle surfaces. Occupant to door spacing is an rather than the statement of absolute values. 

important consideration in the control of occupant impact The results of the model exercise indicate that occupant 

speeds for a given vehicle door stiffness. These results spacing, structural intrusion locations and levels, and ve- 

contradict somewhat the findings in (2) which indicated hicle crash speeds are important elements in the reduction 

practically no benefits due to additional occupant clear- of first impact speeds that the vehicle occupant will ex- 

ance. This discrepancy may not be as significant as it was perience during side collisions. Occupant spacing has been 

first thought to be in as much as this study also shows found to be less important at lower impact speeds, but 

that relatively large occupant spacings do not necessarily of great importance at higher impact speeds, although 

produce benefits at low crash speeds, just as at high ve- conceivably, if side structures do not provide adequate 

hicle crash speeds even large occupant to door spacings, stiffness, additional occupant spacing may provide only 

such as 6 inches, are of virtually no benefit, minimal benefits. With all other parameters held constant 

The study agrees with the findings in (3), (4) and (5) the study showed that the occupant’s impact speeds, are 

that the best way to reduce occupant to door impact proportional to vehicle crash speeds. Occupant impact 

speeds is to reduce the door intrusion through the increase speeds go up in direct proportion with vehicle crash speeds 

of dynamic door stiffness. This technique lowers the oc- when the occupant impacts a nearly stationary door panel. 

cupant impact speeds at all vehicle crash severities and Occupant impact speeds assume an exponential function 

at all occupant spacings. Of course these benefits are also when the door panel impinges on the relatively stationary 

reflected in considerable reductions of the occupant occupant with a substantial impact velocity. Increases in 

thorax penetrations, the vehicle side stiffness reduce the effects of changes in 

Door sth"fening indicates likewise reductions of occu- vehicle impact speeds and the sensitivity associated with 

pant residual velocities indicating a lesser chance of injury occupant to door spacing. Changes in impact speeds, oc- 

in second or third collisions. As might have been expected cupant spacings, and door stiffness produce similar results 

a higher level of intrusion at the upper portion of the in thorax deflections. While the influence of intrusion by 

door produces clockwise occupant rotations indicating the high and low portions of the door are less clear, the 

tl-mt the occupant’s head is moving away from the collision general stiffening of the whole door indicates the reduc- 

surface towards a potential second impact point on the tion of residual velocities for all occupant spacings and 

opposite side of the vehicle. On the other hand a uniform impact speeds. 

door stiffness or the one that favors intrusions at the hip This limited study leads to the conclusion that occupant 

level produces clockwise rotations of the occupant which to door spacing and vehicle door stiffness must be care- 

are also coupled with simultaneous overall translation of fully tailored to maximize occupant benefits for the de, 

the body, away from the impacted surface, sired range of impact speeds. It also suggests that the 

Review of the timing of impact of the head with its mathematical modeling is a good analytical technique to 

corresponding contact surfaces does not appear to have tell the designer how to achieve it. 
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Appendix A 

DEC 5) ~98IO3:GO:49 DOT 5-44 PAGE 12-OO- 

3D-20: ~IGHT ARM-ARM LINKS/LEFT ARM-LUMPED WI~H TORSO/RIGHT AND LEFT LEGS-LUMPED TOGETHER OCCUPANT IS STRUCK FROM LEFT SIDE 

DESCRIPTION OF REAL LINE CONTACT REGIONS 

SPECIFICATIONS OF REGION FLOOR 

MATERIAL OF REGION: FLOOR MATERIAL 

NUNBER OF SURFACES IN THE REGION: 

REGION IX,Z) INPUT IS RELATIVE TO VEHICLE 

OUTPUT FOR REGION IS PRINTED IN VEHICLE COORDINATES 

~LTIPLE FORCES ACTING ON ONE LINE SEGMENT ARE INDEPENDENT 

STANDARD MODEL OF PERMANENT DEFORMATION IS USED 

WHEN ONE ELLIPSE CONTACTS SEVERAL SEGMENTS, RESULTING FORCES ARE COMPUTED INDEPENDENTLY 

CAVITY ANALYSIS IS NOT USED 

STRUCTURAL DEFORMATION IS NOT ALLOWED 

DEFINITION OF THE LINES IN THE REGION FLOOR 

PARAMETERS OF THE LINE FLOORLINE 

PENETRATION LIMIT: 4,O(IN) EDGE CONSTANT: O.0 DIRECTION FACTOR: ~,O LINE SEGMENI POSITION WITHIN THE REGION:! 

MASS COMPLIANCE AT FIRST ENDPOINT O.O    (IN/LB SEC*’2) BENDING CONSTANT AT EIRST ENDPOINT O,0 

MASS COMPLIENCE AT SECOND ENDPOINT O.O    (IN/LB SEC’*2) BENDING CONSTANT AT SECONO ENDPOINT O.O (I/IN**2) 

SPECIFIED SEGMENT LOCATIONS AT GIVEN TIMES 

TIME X-COOP, OF EIRST ENDP01NT Z-COOR,OF FIRST ENDPOINT X-C0OR, OF SECOND ENDPOINT Z-COOR,OF SECOND ENDPOINT 

(MS,C) (IN) (IN) (IN) (IN) 

O,0 -22,00 O.OO 22.OO O,00 

3Do2D: RIGHT AR~4-ARM LINKS/LEFT ARM-LUMPED WITH TORSO/RIGHT AND LEFT LEGS-LUMPED TOGETHER OCCUPANT IS STRUCK FROM LEFT SIDE 

DESCRIPTION OF REAL LINE CONTACT REGIONS 

SPECIFICATIONS OF REGION SEAT CUSHION 

NUMBER OF SURFACES IN THE REGION:      I 

REGION IX,Z) INPUT IS RELATIVE TO VEHICLE 

OUTPUT FOR REGION IS PRINTED IN VEHICLE COORDINATES 

~ULTIPLE FORCES ACTING ON ONE LINE SEGMENT ARE INDEPENDENT 

S~ANDARD MODEL OF PERMANENT DEFORMATION IS USED 

WHEN ONE ELLIPSE CONTACTS SEVERAL SEGMENTS, RESULTING FORCES ARE COMPUTED INDEPENDENTLY 

CAVITY ANALYSIS IS NOT USED 

STRUCTURAL DEFORMATION IS NOT ALLOWED 

DEFINITION OF THE LINES IN THE REGION SEAT CUSHION 

PARAMETERS OF    THE    LINE    SEAT CUSHION LN, 

PENETRATION LIMIT 7.5(IN) EDGE CONSTANT: O.O DIRECTION FACTOR:-I.O LINE SEGMENT POSITION WITHIN THE REGION:I 

t~ASS COMPLIANCE AT FIRST ENDPOINT O,O     (IN/LB SEC’*2) BENDING CONSTANT AT FIRST ENOPOINT O.O (I/IN’~’~) 

~AS5 COMPLIENCE AT SECOND ENDP0INT O.O    (IN/LB SEC*’2) BENDING CONSTANT AT SECOND ENDPOINT O,0 (I/IN’*2) 

SPECIFIED SEGMENT LOCATIONS AT GIVEN TIMES 

TI~E X-COOP. OF FIRST ENDPOINT Z-COOR.OF FIRST ENDPOINT X-COOP. OF SECOND ENDPOINT Z-COOP,OF SECOND ENDPOINT 

(MSEC) (IN) (IN) (IN) (IN) 

0.0 -~.00 -~0.ss ~.00 -to.ss 
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Appendix A (continued) 

......... DEC B, 198103:50:49 DOT S-44 PAGE 14-OO- 1 

3D-2D: RIGHT ARM’AR~4 LINKS/LEFT ARM’LUMPED WITH TORSO/RIGHT AND LEFT LEGS-LUMPED TOGETHER     OCCUPANT IS STRUCK FROM LEFT SIDE 

DESCRIPTION OF REAL LINE CONTACT REGIONS 

SPECIFICATIONS OF REGION D2 

MATERIAL OF REGION: PANEL MATERIAL 

NUMBER OF SURFACES IN THE REGION: 

REGION (X,Z)    INPUT    IS    INERTIAL 

OUTPUT FOR REGION IS PRINTED IN VEHICLE COORDINATES 

MULTIPLE FORCES ACTING ON ONE LINE SEGMENT ARE INDEPENDENT 

STANDARD MODEL OF PERMANENT DEFORMATION IS USED 

WHEN ONE ELLIPSE CONTACTS SEVERAL SEGMENTS, RESULTING FORCES ARE COMPUTED INDEPENDENTLY 

CAVITY ANALYSIS IS NOT USED 

STRUCTURAL DEFORMATION IS NOT ALLOWED 

DEFINITION OF THE LINES IN THE REGION D2 

PARAMETERS OF THE LINE HIP PANEL LINE 

PENETRATION LIMIT: 7.5(IN)        EDGE CONSTANT: O,O           DIRECTION FACTOR: I,O        LINE SEGMENT POSITION WITHIN THE REGION:I 

MASS COMPLIANCE AT FIRST ENDPOINT O~O    (IN/LB BEG**2) BENDING CONSTANT AT FIRST ENDPOINT O.O (I/IN**2) 

MASS COMPLIENCE AT SECOND ENDPOINT O.O (IN/LB SEC**2) BENDING CONSTANT AT SECOND ENDP0INT O,O 

SPECIFIED SEGMENT LOCATIONS AT GIVEN TIMES 

TIME X-COOR, OF FIRST ENDPOINT Z-COOR.OF FIRST ENDPOINT X-COOR. OF SECOND ENDROINT Z-COOR.OF SECOND ENDPOINT 

(MSEC) (IN) (IN) (IN) (IN) 

11,00 -10.66 0,0 -t0,66 -18.00 
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Appendix A (continued) 

DEC 5, 198103:50:49 DOT S-44 PAGE 15-00- 

3D-ED: RIGHT ARM-ARM LINKS/LEFT ARM-LUMPED WITH TORSO/RIGHT AND LEFT LEGS-LUMPED TOGETHER     OCCUPANT IS STRUCK FROM LEFT SIDE 

DESCRIPTION OF REAL LINE CONTACT REGIONS 

SPECIFICATIONS OF REGION Ht 

MATERIAL OF REGION: PILLAR MATERIAL 

NUMBER OF SURFACES IN THE REGION: 

REGION (X,Z) INPUT IS INERTIAL 

OUTPUT FOR RE’ION IS PRINTED IN VEHICLE COORDINATES 

MULTIPLE FORCES ACTING ON ONE LINE SEGMENT ARE INDEPENDENT 

STANOARD MODEL OF    PERMANENT DEFORMATION    IS USED 

WHEN ONE    ELLIPSE CONTACTS SEVERAL SEGMENTS, RESULTING FORCES ARE COMPUTED INDEPENDENTLY 

CAVITY ANALYSIS    IS NOT USED 

STRUCTURAL DEFORMATION IS NOT ALLOWED 

DEFINITION OF THE LINES IN THE REGION Ht 

PARAMETERS OF    THE    LINE HEADERLINE 

PENEIRATION LIMIT: 4,5(IN) EDGE CONSTANT: O.281 DIRECTION FACTOR: I.O LINE SEGMENT POSITION WITHIN THE REGION:t 

MASS COMPLIANCE AT FIRST ENOPOINT O.O    (IN/LB SEC*’2) BENDING CONSTANT AT FIRST ENDPOINT O,O (t/IN**2) 

MASS COMPLIENCE AT SECOND ENDPOINT O.O    (IN/LB SEC**2) BENDING CONSTANT AT SECOND ENDPOINT O.O 

SPECIFIED SEGMENT LOCATIONS AT GIVEN TIMES 

TIME X~COOR, OF FIRST ENDPOINT Z-COOR.OF FIRST ENDPOINT X-C00R, OF SECOND ENDPOINT Z-COOR,OF SECOND ENDPOINT 

(MSEC) (IN) (IN) (IN) (IN) 

0,0 -13.83 -33.73 0.0 -50, t5 

109.00 10,52 -33,73 24.35 -50,15 
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Appendix A (continued) 

DEC 5, 198103:50:49                                                  DOT S-44                                                                   PAGE 16-00- 

30-2D: RIGHT ARM-A~M LtNKS/LEFT ARM-LUMPED WITH TORSO/RIGHT AND LEFT LEGS-LUMPED TOGETHER     OCCUPANT IS STRUCK FROM LEFT SIDE 

DESCRIPTION OF REAL LINE CONTACT REGIONS 

MATERIAL OF REGION: DOOR MATERIAL 

NUMBER OF SURFACES IN THE REGION: 

OUTPUT FOR REGION IS PRINTED IN VEHICLE COORDINATES 

MULTIPLE FORCES ACTING ON ONE LINE SEGMENT ARE INDEPENDENT 

STANDARD MODEL OF PERMANENT DEFORMATION IS USED 

WHEN ONE ELLIPSE CONTACTS SEVERAL SEGMENTS, RESULTING FORCES ARE COMPUTED INDEPENDENTLY 

CAVITY ANALYSIS IS NOT USEO 

STRUCTURAL DEFORMATION IS NOT ALLOWED 

DEFINITION ~F THE LINES    IN THE REGION 

PARAMETERS OF THE LINE DOORLINE 

PENETRATION LIMIT: 6.B(IN) EDGE CONSTANT: O.O DIRECTION FACTOR: I.O LINE SEGMENT, POSITION WITHIN THE REGION:I 

MASS COMPLIANCE AT FIRST ENDPOINT O,O    (IN/LB SEC**2) BENDING CONSTANT AT FIRST ENDPOINT O,O (t/IN**2) 

MASS COMPLIENCE AT SECOND ENDPOINT O~O    (IN/LB SEC*’2) BENDING CONSTANT AT SECOND ENDPOINT O,0 

SPECIFIED SEGMENT LOCATIONS AT GIVEN TIMES 

TIME X-COOR, OF FIRST ENDPOINT Z-COOR,OF FIRST ENDPOINT X-COOR, OF SECOND ENDPOINT Z-COOR.OF SECOND ENDPDINT 

(MSEC) (IN) ( IN ) ( IN ) (IN) 

109,00 10.52 - 18.00 10,52 -40.00 

Simulation of an Automobile Front End With a Movable Deformable 
Barrier 

J. PROVENSAL, M. BALTHAZARD and difficulties; this has resulted in the submission of an 

M. PETIOT tremely diversified range of proposals from the different 

Renault State Owned Works parties involved. 
Even today--although it seems that a consensus may 

Research and Development Department 
be arrived at concerning the type of collision to be used, 
i.e., the front-to-side collision between two passenger 

cars---the submitted test procedures remain very diverse. 
INTRODUCTION These range from a test using car components (1) to a 

car-to-car test of the same type and to a moving deform- 

Contrary to frontal impacts, for which type-tests have able, dynamometric barrier-to-car (frontal and lateral 
been developed and used from the very outset of second- crash, followed by simulations on mathematical models 
ary safety studies (0° impact and principally 30* impact (2). 
against fixed and rigid barrier), the lateral impact test has It is only recently that a consensus has emerged as to 
remained much more difficult to specify, the desirability of a procedure in which the colliding 

With the exception of the test described in FMVSS 214, vehicle would be represented by a moving deformable 
known since 1973, and of the procedures suggested by barrier. Research works along these lines have been ini- 
WP 29 or contained in Standard 208, the specification of tiated both in the United States (3), and in France (4) 
a dynamic test procedure has come up against many and Europe (5), 
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As regards Renault, we had started studies as early as question, a second point had to be thoroughly inves- 

1979 in this field, having for main purpose to investigate tigated: the repeatability of the test thus determined. 

a car-to-car crash simulation by means of a simplified Experience with frontal impact suggested that some 
moving deformable barrier-to-car test. dit~culties could be encountered in this respect. In- 

This research had been initiated in spite of the major deed, while on a first examination the scatter of the 
drawback implied by such a procedure, i.e., the impossi- results observed for the frontal impact were attribut- 

bility of improving front-to-side vehicle compatibility by able to the vehicle/restraint/dummy chain, the pro- 
acting on one of its three components: the stiffness-and- cedure considered for the lateral impact was more 
geometry component of the impacting vehicle front sur- complex a priori since it involved, schematically, the 

face. chain: impacting object/impacted vehicle/restraint/ 

This objective required that answers be provided to the dummy. 
following basic questions: 

The following paper recapitulates the studies made by 
1. Is it possible to reasonably simulate the front section Renault in view of identifying tentative answers to these 

of a vehicle by using a device of the type moving two questions. 
deformable barrier, once the type of the car-to-car It should be appreciated that these activities are in fact 
collision has been determined? It was agreed that the part of a larger picture including in particular: 
quality of such a simulation had to be evaluated in 

terms of both: 
--an active participation in the "Moving Deformable 

Barrier" programs as established by the CCMC for 
---shell-dummy kinematics of the impacted vehicles; Europe, and by the UTACmunder commission of 
---behavioral characteristic of the deformations pro- the Institut de Recherche des Transports (Transport 

duced on the impacted vehicle and therefore of the Research Institute)--for France; 
energy dissipation distribution between impacting --a follow-up of the studies made by the Physiology 
and impacted vehicles, and Biomechanics Laboratory jointly operated by the 

French automobile manufacturers in order to specify 
2. Should a satisfactory answer be found to this first 

an appropriate dummy for lateral impacts. 

SIMULATION OF A FRONT-TO-SIDE 
COLLISION BETWEEN TWO VEHICLES 

t V=5Okph 
I Experimental Collision to Simulate 

On the basis of the programs previously mentioned (6), 
the collision selected for this study is shown in Figure 1. 

The two vehicles (type R20) are identical. The impacted 
vehicle is stationary, in its normal attitude. The impacting 
vehicle, also in its normal attitude with a dummy placed 
at the driver’s position, travels at a speed of 50 kmfh. 
The impacting vehicle line of travel passes through the 
projection of the front point R on the outer left panel of 
the impacted vehicle, The angle formed by the vehicle 
centerlines is of 90°. 

Simulation of Impacting Vehicle Front Section 

[ 
sfruck vehid.e 1. The study of the experimental collisions performed 

(stati~nnar~j) 
preliminarily to this investigation had pointed to the 
need for the following: 

~ --~/~ 
--the deformable face must be capable of allowing a 

deformation depth of approximately 250 mm; 

~ --at the same time, it must have an energy dissipation 

axis through front "R’poinf of struck vehide capability of 30 kJ. 

With these assumptions, a determination was to be 

Figure 1. Scheme of experimental collision, made of the behavioral characteristic of the load-deflec- 
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tion law to simulate, in order to obtain the most faithful b) The deformation rate of the individual structural com- 
possible representation of the impacting vehicle front sec- ponents, in a car-to-wall or car-to-car collision, is also 
tion. a possible source of discrepancy (see Fig. 3). 

The only available method was to evaluate the defor- As regards the panel (sheet metal) components tra- 
mation law by impacting an R20 against the dynamo- ditionally used in car-making, a recent study (7) has 
metric buffer shown in Figure 2, this leading to a later shown that the dynamic gain for localized buckling 
modeling by using appropriately selected energy absorb- of a box section component (such as a side member) 
ers. was related to the deformation rate across the corn- 

However, such an approach entails many problems       ponent by the following formula: 
whose answers remain difficult to determine: 

Pmd 
a) It is essential that no fundamental discrepancies ex- 

-- Pm---~ = 1 + 8.10-2 Vm°,~ 
ist between the behavior of the actual impacting 
front section and its model. Now, the development where Prod is the average dynamic load at deformation 
of said model is performed by the process described rate Vm, and Pros is the quasi-static deformation load. 
in the chart below, which does not favor the achieve- A twofold difference in the deformation rates of the 
ment of the agreement sought, impacting vehicle components (car-to-wall impact as 

Law F = f(e) at 
Impacting object Obstacle Impacting structure interference Comments 

Impacting vehicle car A Fa = f(ea) Collision to simulate 

Impacting vehicle wall B Fb = f(eb) Determination of law 
F = f(e) 

Deformable face wall B’ Fb’ = f(eb’) Reproduction of law 
F = f(e) 

Deformable face car A’ Fa’ = f(ea’) Collision simulate 

It should be noted however that the risk was greater 
as regards the Renault study (where it is attempted to 
simulate a specific vehicle) than the risk associated 
with the programs carded out by the CCMC or by 
the UTAC where it was attempted, conversely, to 
reproduce a deformation performance typical of the 
average vehicle of a given population. 

deform~hon speeo of e~emenr 

2.FI~NTTO SIOE COLLIS;ON AGAINST 

deformation s~eeo of e,~en~nr kl :VIFX’,/I 

Figure 2. Scheme of R20 against dynamometricat buffer. Figure 3. Deformation speeds of structural parts. 
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compared to car-to-car impact) may then result in a 
change of approxirnately 10% in the load, such a k 2 
change being acceptable only as a first approximation. 

c) However, the main difficulty arises out of the heter- " 

ogeneousness of the impacting vehicle front section V----q..k.~. 
which consists of a combination of deformable struc- 
tural components and rigid masses, of which the main 
one is the power unit. Due to this, there are two types 
of efforts in the performance observed at the dyna- 
mometric buffer: the deformation load which may be k 2 

appropriately represented by the arrest of the rigid 
masses which, of course, may not be represented. 

A simple mathematical model, already described in 
reference (8), may be used to bring the problem to 
light: , F ( k N ) 

--A first vehicle A, schematically shown in Figure 4 

k2 

0 2 4. 6 tirne(~0"~s) 

Figure 5. Vehicle "B" simulation, 
F (k N) 

has the load, deceleration and collapsing character- 
istics mentioned in said figure for a collision against 
a perpendicular fixed barrier at 50 km/h. 

30 0                                                 --The same characteristics are given in Figure 5 for 

a vehicle B. The front-to-front collision between 
these two vehicles results in respective decelerations 
and collapses represented in Table 6. 

200 Replacing vehicle B by a pure absorber B’ which 

would behave in accordance with the overall load- 
deflection law of said vehicle B, would result, upon a 
collision B’ -’-A, in a totally different performance 
from the first one (see tables). It was therefore essential 
to avoid this type of error in the design of a deformable 
face. 

2. However, the observation of some car-to-car crash 
¯ -- tests previously performed had brought out the fol- 

0 2 L 6 ~’~’~e ( "10-Z S) lowing findings: 
a) Collapse of the impacting vehicle is kept to a low 

Figure 4. Vehicle "A,’ simulation, level in case of lateral collision: Figure 7 compares 
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Vehicle stroke Obstacle stroke 
Relative impact speed (kph) Vehicle Obstacle (m) (m) 

50 A barrier 0,399 / 
50 B barrier 0,456 / 

100 A B 0,393 0,465 
100 A B’ 0,605 0,230 

B’: Mock up of B, with a force deflexion pulse simulated by a pure energy absorbing device, 

Figure 6. Compared results of simulated frontal collisions. 

300. Crush of sfrJMnq vehicles J Fronf to side collision 50kph 

at the bumper upper line~. .... Frontal collision aqainsf 0°barrier, at 2-/kph 

R                                                                    L 

Figure 7. Compared strokes of vehicle front end. 

the crushing of the above-bumper part of the front 
section of a vehicle which was made to crash against 

~0~ q 
a wall, with the crushing of a similar car which 
was used as the impacting vehicle in a front-to-side 
crash. This tends to limit the effect of the rigid 
mass formed by the power unit. 

b) The main phenomenon of a lateral collision, for 
the occupant seated on the percussion side of the 
impacted vehicle, i.e., the exchange of momentum 
between the car shell and the occupant himself, 
occurs at a very early stage in the time sequence ’ 

of the impact. Figures 8 and 9 show evidence of 
this fact, for both thorax and pelvis portions. The 
deceleration pulses for impacting vehicle passenger Figure 8. Acceleration pulses chronology~chest level. 
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propriate distance from the foremost plane of the 
deformable face and set to a stress value close to 
the value recorded for a collision against a pe~en, 
dicul~ ba~er, at low speed. 

Neve~hel~s, it should be appreciated that this 
conclusion is liable to be challeng~ ~ the sides of 
the vehicle bodi~ progress tow~ds increased re- 
inforcement, in,much, of course, ~ an econom- 
icily feasible reinforcement may achieve on the 
body side a degree of stiffness close to that of the 
impacting vehicles front ends. 

o ~o ,oo - -~- Determination of the Force Deflection Pulse 
to Reproduce 

Figure 9. Acceleration pulses chronology--pelvis level. 

Based on the data above discussed, we have plotted 

compartment and power unit have been plotted together the overall load collapse diagrams for R20 ve- 

over the curves relating to the impacted vehicle hicles which were made to crash against a fixed and rigid 

shell and oo~upant. It can be seen that the velocity barrier at speeds of 27 and 50 km/h. From these diagrams, 

rising of said occupant occurs while the effect of shown in Figure 10, it appears that: 

the impacting vehicle power unit remains marginal, a) These force rising slopes are relatively comparable 

This therefore makes it possible to simulate, as up to a collapse of 260 mm; 

a first approximation, the effects of the power unit b) The forces obtained after 260 mm are considerably 

by means of an energy absorber located at an ap- apart, which may be explained essentially by the 

F (kN) 

RenaultR20 0°barrier impact 50 kph 400,                                      ./...4 

300 

__ MOB confempIafed characferisf 

200 

Renault R 20 O~ barrier impact 27 kph 

t00 

0 I~ 21~0 31~0 t, O0 crush (ram) 

Figure 10. Deformable barrier--target F/D characteristic. 
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DESCRIPTION OF THE DEFORMABLE 

~~__~ 
BARRIER CONSTRUCTED 

.... Method Used 

After an evaluation of the various materials which 

T,,~,~.~ ~00,m/~ could be used to absorb the energy of a compressive 
c~p~, d~,~,~, ~o.~oo~oom~ impact with a good reproducibility, we selected a com- 

[ 
~-z~ bination of phenolic foam (PHENEXPAN), of density 

..... ~. 30g/litre, whose absorption law is shown in Figure 11, 
and of aluminum honeycomb with two different stiff- 

nesses; 170 N.cm-~ and 90 N.cm-~. 
The forces variations during collapse are obtained by 

t 
the deformable face geometry and also by weakening holes 

~ 
for fine tuning, after some verification tests against the 
dynamometric buffer. 

Figure 1i. Compression test--phenolic foam sample. Description 

A layout of the deformable face is shown in Figure 12. 
The figure also shows the characteristics of the honey- 

difference in behavior of the power unit at this stage comb blocks simulating the vehicle side members and 

of the deformation phenomenon, power unit. The deformable face is entirely covered with 

The objective to be established then for the deformable a flexible laminated coating of the type FLOC, OGLASS 

face was an average pulse contained within the region 5377 Polyester. The deformable face is then mounted on 

limited by these two curves up to 260 mm, with a pla- a conventional fixed barrier, the mass of the assembly 

............ teauing of the force from this degree of collapse on (Fig. being adjusted to the mass of the vehicle to simulate, i.e., 

10). 1306 kg. 

1520                   =            400 

~ 650 

/ hole ~90 ho!,e IJ t,0 ¯ 

~ ~les 
~ / 170 

~ / 
scare , : tOOmm 

// Y // / / / / / / / / / //// ///~/////////// // ~//// / //////// 
brooks 1,2 cqlindcicsI 
block ~ cqiindcic~l brock 

Ronault movablo doIormablo barrier. 
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Comparison of the Force-Collapse Perform- the overall stress-collapse performances will be found in 

ance Recorded with That of the Actual Figure 19. 

Vehicle Up to a 200 mm collapse, the agreement is excellent 
among the crushing performances proposed in Europe (3, 

The superposition of the deformable face on the various 4, 5, 9). From this level of collapse on, the divergence 

slabs of the dynamometric buffer is given in Figure 13. between the CCMC-specified performance and the other 

The moving deformable barrier (MDB) test performed European curves is attributable essentially to the taking 
into account of the power unit impact in a crash against at a speed of 26,98 km!h results in a collapse of 285 mm, 

with a crushing of 200 mm and 50 mm on the lateral a perpendicular rigid barrier. 

and central honeycomb blocks, respectively. With the deformable face designed in the United States, 

The compared force-collapse performances (R20- the performance obtained is fairly different, mainly in the 

MDB) for each slab of the dynamometric buffer, are given region from 100 mm to 300 of collapse. The latter com- 

in Figures 14 to 16. The overall performance is repre- parison is not however fully significant because the stress- 

sented in Figure 17. collapse curve of this deformable barrier was essentially 

Compared with the objective established in the previous developed for a collision at an angle of 30° (3). 

paragraph, the results have been judged acceptable both In any case, we may conclude that there is a remarkable 
likemindedness of the various organizations involved in for the overall performance and for the distribution over 

the individual cells of the dynamometric buffer, this type of research, as regards the energy absorption 
characteristics of a deformable face suitable for the sim- 
ulation of a car-to-car front-to-side collision. 

Comparison of the Characteristics for the REPRODUCIBILITY OF THE DEFORMABLE 
Various MDB’s FACE FORCE-COLLAPSE PERFORM- 

ANCE--COLLISIONS AGAINST A 
It is of interest to compare some basic characteristics DYNAMOMETRIC BUFFER 

of the various moving deformable barriers which have 
been recently described (3, 4, 5, 9). A table regrouping Before attempting to study the reproducibility of the 
these data is shown in Figure 18, and a comparison of tool developed for collisions against a vehicle--which is 

1800 

700 700 

I 350 

O0 O0 

1 4i           5 

.----~ /-[~ /---, 

[ ’-" \’ ’ k 
---’/ j_ ’~-’-- 

1"-" "]                             ! 0 
L_"-" \, d,O/," I’,X.0 0 

// 

~ . ,~ @7~---z",;-r’ // 0 
\ \ / t i / 
\ i1~ 

I ..... 

2 \\ il ~. 3~~/ \ 16 

/ , 

O0 O0 O0 Oi 

OLoad cells 

Figure 13. Superposition of MDB front face on dynamometrica~ buffer. 
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b) The method used permits to comply with the tO1- 
F(kN) 

~~_~ 

erancezonespecifiedinref.(9),abouttheaverage 
~ 

value obtained for a batch of deformable faces man- 
ufactured in the same time. Indeed, none of the five 
curves recorded is outside this zone. 

The investigation of this average performance re- 
s0                                                      peatability is still under scrutiny and may represent 

a substantial problem. 
c) The variability, for each slab of the dynamometric 

buffer, is on the same order of magnitude as for the 
..... overall performance. However, the fact that the 

0 ~ ~0 3~ ~h overall performance and the individual perform- 
tram} 

ances must together comply with the tolerance zone, 
may also generate difficult to solve problems, since 

~ R 2¢ 
many parameters with accumulating dispersions are 

..... involved in this measurement. 

F~m t,~ ~=t d) Other aspects which may affect the reproducibility 
~-~ ~-~ of the deformable face developed (ageing of the 

materials used, influence of temperature, etc .... ) 
remain also to be verified. Such problems are al- 
ready well known as regards the test dummies. But 

s0. there is a fundamental difference between the 
dummy and the deformable face: the latter can be 
evaluated only by a destructive test. Therefore, the 
number of validation tests required for a given batch 

(ram) 

~ ~. 

Figure 14. Comparison of F/D pulses~cells 1 and 2. 

clearly the final objective of the program undertaken--it 
was important to check, in a preliminary phase, that the 
above specified deformable face performed with an ade- 
quate fidelity during similar tests against a dynamometric 
buffer. 

A run of 5 collisions, as described in the table shown o ~ ~(~ ~ crush 

in Figure 20, was therefore performed under these con- 
ditions. 

~ RZO 
The deformable face condition, before and after the 

crash, is illustrated in the picture of Figure 21. 
The average force-deflection pulse derived from the five 

collisions is plotted on the diagram of Figure 22. The 
performances within one standard deviation about this 
average curve, as well as the + 25 kN tolerance zone as 
proposed in reference (9) for the overall performance, are / 
also plotted. 

A study of the various results obtained leads to the 
following conclusions, relating to a single batch of de- 
formable faces: 

a) With the method used, the variability (ratio of stand- 
ard deviation to average) of the total force obtained 0 

Imml 

is on the order of 6% at a collapse of 200 mm, 
which may be considered as relatively low. Figure 15. Comparison of F/D pulses~cells 3 and 4. 
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a) Initial test conditions: vehicle masses and attitudes, 
and position of occupants relatively to different 
points in the passenger compartment. 

b) Results relating to the structure of vehicles: 

¯ Impacting vehicle: map of deformations on front 
section; 

¯ Impacted vehicle: map of deformations on body 
side, inside and outside; outstanding deformations 

of the structure involved in the crash: floor to 
bodyside joints; A, B and C posts. 

0 ~ z~ 3~ ~-~ c) Dummies on board of impacted vehicle: impact 
~ zones of the various portions of the body: head, 

~ M ~ s thorax, pelvis. 

R z0 d) Measurements on the structure: 

¯ Impacting vehicle: longitudinal, right side and left 

~ F-7"q-’-q-Wq side decelerations; 
¯ Impacted vehicle: transversal accelerations at 

non-deformed points of the inside of the impacted 

.~ 

shell. 

~~ 

e) Measurements on the dummies: for each body per- 
so. tion (head, thorax, pelvis): times of possible contacts 

with adjacent shell; X, ¥ and Z accelerations. We 
used dummies of the Part 572 type although they 
are obviously not suitable for lateral impacts. We 

t 
F(ki~) 

i.~,R6ET PULSE 

Figure 16. Comparison of F/D pulses~cells 5 and 6. 

will have to be specified before the remaining faces 
may be used for the crash test. Lastly, it will not 
be possible to check afterwards (as it is the case for 

z~o~ / 
_/_. the dummies) that the deformable face used was 

actually meeting the requirements desired in the 
specification. / / 

e) In any case, it is also important to specify the validity 
i 

/ 
of the tolerance zone required; does a 6% variability 
of stress at a 200 mm collapse yield sut~ciently close -~    / 
results in a MDB-to-car collision? 

COMPARISON OF THE CAR-TO-CAR AND 
MDB-TO-CAR COLLISION TESTS 

Description of the Procedure Used 

t 

/ 

First, two experimental crashes (A and B) have been ~0 
/ 

performed in the car-to-car configuration, so as to provide 
a tentative evaluation of the reproducibility of this type 
of test. The results of these tests were also compared with " 

results from previous tests in order to support the validity .~ 
of the conclusions. 

During these experimental collisions, the following ma- 
jor parameters were recorded: Figure 17. Comparison el total F/D pulses. 
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RENAULT CCHC (5) UTAC (4) CEVE (9) NHTSA (3) 

width (ram) 1520 1550 1400 1500 1676 

depth ( mm ) 400 400 / 500 831 

height (ram) 540 490 410 500 559 

ground clearance (ram) 250 300 350 250 280 

height of separation between 
upper and tower7 part (ram) 550 545 / 500 / 

deformabl.e f~ce mass (kg) 13,5 25 / / / 

H.D,15 tofat mass (kg) 1306 "( 950 915 950 1560 

phenolic foam atuminium 
+ po[LjUrefhane honegcomb 

energg absorption method a[uminium foam / / 
honeLjcomb (31 Ncm 

Figure :18. Compared characteristics of various MDB. 

F (kN)                                                             AVERAGE MDB~’~ 

400. 

/       RENAULT 

200 

~ 2 ref|L|ef tel|g| 
1’ ] ref(5) 

0 100 200 340 crush [ram) 

Figure 19. Comparison of total F/D characteristics (various MDB). 
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Test n° Impact speed Max. dynamic Blocks 1 and 2 Block n° 3    Remarks 
(kph) crush (mm) crush (mm) crush (mm) 

Resin envelope tearing 
1          26,1           280            180            35 (upper L and R ext.) 

Resin envelope tearing 
2 26,98 285 200 50 (upper L and R ext.) 

Resin envelope tearing 
3            27,04             295              205               50 (upper part) 

Resin envelope tearing 
4 27,05 280 190 45 (upper and lower part) 

Resin envelope tearing 
5 27,33 290 195 50 

(upper and lower part) 

Figure 20. Five tests against dynamometrical buffer. Comparison of results. 

used them only as instrumentation supports to the Compared Results of Collisions A, B and 1 
sole end of allowing comparisons between the var- 
ious tests, a) Initial test conditions: 

The results of collisions A and B were averaged and These are shown in Figure 23. They relate to the 
the deviations recorded. Then, an MDB type collision mass and attitude of the impacting and impacted 
(N° 1) was performed. A~I the values provided by these vehicles, the impact speeds, and the initial placement 
three tests were compared. However, for the purpose of of dummies. 
clarity, only the major comparisons have been entered in b) Measurements on the structure: 
this study. A chart of the inside and outside collapses of the 

Figure 21. Pictures of deformable faces (before and after    Figure 22. Observed scatter--five tests against dynamo- 
tests),                                             metrical buffer. 
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Observed Max. deviation v ..... :,oss s 
Parameter average obtained 

Striking vehicle mass ..... Test 
(kg) 1310 +10 

Struck vehicle mass 
(kg) 1445 -+ 10 

-...\~ Struck vehicle atti- 
tude (mm) F 660 +10 

R 520 - 10 
Impact speed (kph) 50 +0.2 1 ooo~ 
Dummy placement all measure- 

(mm) ments -+5mm 

Figure 23. Initial conditions of tests A, B and 1. Comparative                        j-~ 
table.                                                      ~.~j 

bodysides, at the level of the front and rear R points, 

is shown in Figure 24. Figure 25 shows the defor- 

mation of the front door in a vertical plane close to 

the front R point. Figure 26 shows a deformation ~ .~cc 
in a horizontal plane at the level of the window sill. 

Figures 27 and 28 show horizontal deformations at Figure 25. Deformations of front door. Vertical cross section, 
the level of the pelvis and at the level of the door 

sill upper part, respectively. 

It appears that: c) Dynamic measurements--Relating to structure: 

--The behavioral characteristic of the vehicle im- A thorough comparison of the curves brings out 

pacted by the MDB is nearly identical to that two important facts: 

obtained in a car-to-car collision. A significant difference in the acceleration laws 

The differences found in the collapses are low in recorded on the impacted vehicle, on opposite side 

the upper part of the side structure but signifi- to impact (Fig. 29). This results probably from 

cantly greater in the lower part, which evidences the different behavior~as is stated above--of the 

a greater stiffness in this area. door sill. 

This finding is furthermore supported if we A similarity in shell velocities at times of impacts 

consider that these upper-part collapses are ob- against the dummy, as regards both the thorax 

tained with a considerable intrusion into body and the pelvis. It can be seen, from the values 

side, at a level where resisting forces are signifi- reported in Figure 30, that these do not differ by 

cant due to catenary effect, more than 10%o 

Also, the time-sequence of the impact is in cor- 

rect conformance: contact times at shoulder and 

Average Deviations 
pelvis do not differ by more than 5%° 

tests A and tests A and d) Results for dummies: 

Intrusion Test #1 B B Figure 31 summarizes the results obtained on the 

Front R front dummy in collisions A, B and 1. The following 
point (int) conclusions may be drawn: 

(mm) 325 298 -+ 12 At head level: No significant difference in results 
Rear R in spite of the maximum acceleration values 
point (int) 

shown. No head-to-structure impact was ob- 
(mm) 190 210 -+ 10 

served in all three tests. 
Front R 
point (ext) At thorax level: The significant difference found 

(mm) 424 408 -+ 18 in maximum deceleration levels is due essentially 

Rear R to the shoulder-impact localization, i.e.: 

point (ext) ¯ ahead of the B-post ~n the case of MDB-to- 
(mm) 292 366 -+ 48 

car crash (test N* 1), 
Figure 24. Compared intrusions at "R" point. ¯ on the B-post in the case of car-to-car crash. 
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600. in~rusion (mm) 

Ho6zonta[ cross section at window sill level 

500 J ..... test ~ 1 

~ averaqe of fesfs Aand 15. maximum deviafion +ZOmm 

Figure 26. Deformations at window sill level. 

However, even in the latter configuration we versal velocity variation, increased by 50%, par- 
observed, on previous tests, occurrences of B- ticularly evidences an excessive stiffness in the 
post avoiding by the shoulder. Maximum de- lower part of the moving deformable barrier, 
celeration level is then brought down to values which was already indicated by the more ex- 
close to 60g. This random occurrence, due for tended deformations on the impacted vehicle 
a large part to the fact that dummy Part 572 is lower structure. 
not realistic, is not therefore to be considered in 
this analysis. 

Discussion Thorax transversal velocity variation on the 
other hand, exhibits an appreciable discrepancy 

The above results clearly indicate that the method ap- in the two configurations. The value of 11.8 
plied to obtain a realistic simulation of the impacting ms-~, as obtained in test, is significantly larger 
vehicle front section, is somewhat inadapted. The de- 

than for tests A and B where an average value 
formable face obtained by tbds method will have to be 

of 10 ms-I was recorded. This clearly shows 
further modified. that shell stiffness and equivalent mass--when 

In particular, we believe that a weight-reduction of the contacting the thorax--are larger in the MDB- 
rigid section of the barrier would be desirable, this to to-car impact than in the car-to-car impact, 
allow in particular for: --At pelvis level: the most divergent results were 

measured on this body segment. All values are --The uncoupling of certain elements (occupants, 
much higher in the MDB-to-car configuration etc .... ) which is not correctly simulated by the 
than in the car-to-car configuration. The trans- (too simple) model proposed; 
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600. intrusion(mm) Horizontal cross section at pelvis level 

..... test # 1 

Averaqe of tests A and B maximum deviation -*30ram 

500 

I00 _ 

A PILLAR B PILLAR C PILLAR 
0 I I 

Figure 27. Deformations at pelvis level. 

--The mass of material which builds up at the vehicle/ as similar as possible. We used to this effect deformable 
vehicle interface, this being significantly higher in faces from a single manufacturing batch. 
this ease than in the MDB-to-vehiele collision. An investigation of reproducibility using deformable 

faces manufactured at different times will remain to be 
Lastly, we see (which confirms the results previously 

performed. 
obtained) that the fmal intrusion into the impacted vehicle 
is only a rough indicator of how severe the crash is for 
the occupant. One may in particular refer to thorax be- 
havior, described above, comparatively with shell defor- Comparison of ResultsuCollisions 1-5 
mations observed at this level, 

a) Initial conditions: All important test parameters are 
A discussion of the reproducibility aspect of the con- 

kept within the limits indicated in the table of Figure 
templated test procedure, in spite of some defects indi- 

23. Average initial speed of the MDB was 50,23 
cated above, would be interesting. This is discussed 
hereafter, 

km/h with a standard deviation of. 11. Tempera- 
tures recorded on test site were in the range 20- 
30"C. 

REPRODUCIBILITY OF MDB-TO-CAR b) Measurements relating to structure: 
TESTS A table for body side inner and outer collapses, 

at the level of front and rear R points, is given in 
This aspect was studied by using five identical MDB- Figure 32. Figures 33, 34 and 35 show the defor- 

to-car tests. These collisions, numbered from 1 to 5, were mations on a horizontal section at thorax level, at 
planned in such a way that initial conditions would be pelvis level, and on door sill upper part, respectively. 

539 



EXPERIMENTAL SAFETY VEHICLES 

in| fusion (ram) 
500 _ 

Horizontal cross section at door sit[ level 
500 ...... test // 1 

Average of tests A and B maximum duration:-* 30ram 

4OO 

i 

20O_ 

100_ ~ 

0 A PILLAR 
B PILLAR 

Figure 28. Deformations at door sill level. 

acceleration(q } 

struck vehicle i~pillar ~" collision"A" 

transverse acceleration[ collision "!3" 
(opposite side|            collision 

40 

0 50 100 150 time (ms) 

Figure 29. Comparison of passenger compartment transverse accelerations. 
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Wall speed The variability, confined within 3% approxi- 
at impact mately at the front R point, can be considered as 
against remarkably low. 

front Average Deviation c) Dynamic measurements--Relating to structure: 
.......... dummy (tests A and tests A and The table in Figure 36 shows the averages, stand- 

(m/s) B) Test 1 B 
ard deviation, and variability measured on the shell 

Chest level     9,4        10,5        0,4 
adjacent to the dummy at times of contacts with 

Pelvis level 10,5 11 0,5 the different portions of the dummy. The variability 
Figure 30. Corn ~arison of wall/dummy impact velocities, found is somewhat less satisfactory in this case, with 

Average Deviation 
Body area Parameter           Test # 1 tests A and B tests A and B 

Max. decel. 
(g) 38 65 5 

Time > 80 g 
Head (ms)                  0 0 / 

HIC 250 370 50 

Max. decel. 
.......... (g) 60 105 0 

Time > 60 g 
Chest (ms) 0,8 6,6 0,15 

Time > 50 g 
(ms) 14,1 9,3 1 

Transverse ~V 

.......... (ms-1) 11,8 10 0,5 

.... Max. decel. 
(g) 121 68 2 

Time > 60 g 
Pelvis (ms) 13 4,6 0,4 

Time > 50 g 
(ms) 15 7,9 0,4 

Transverse ~V 
(ms-1) 14,5 9 1 0,5 

Figure 31 Comparison of front dummy results. 

Standard an order of magnitude of 10%. One must however 

Average    deviation Variability remain careful for interpreting these measurements 
Intrusions tests 1 to 5 tests 1 to 5 % since they were made with accelerometers located 

Front R near the impact point, whose measuring axes may 

[~mOint (int) be subjected to considerable variations once the de- 
m) 326 10.8 3 

formation goes further than its first stages. 
Rear R 
point (int) In a first approximation, we shall consider the 

(mm) 181 25.1 13.7 differences found as acceptable. 

Front R d) Results relating to dummies: 

point (ext) A table of the results obtained during tests I to 

(mm) 440 11.4 2.6 5 will be found in Figure 37. 

Rear R This table covers the major dummy parameters. 
point (ext) 
(mm) 286 6.5 2.2 --At head level: No essentia! difference. No impact 

was recorded during the collision. Maximum de- 
Figure 32. Compared intrusions at "R" points° celerations remain mutually consistent. However, 
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intt’usion (ram} 
6O0 - 

Horizonta{ cross section at window si{[ [eve[ 

~ average curve ( tests ,~,t Ito5 ) 

500-                                        - .... curves at-+ 1 standard deviation 

Figure 33. Deformations at window sill level. 

as for the frontal crash, the redhibitory sensi- --a dummy capable of being used for lateral impact, 

tiveness of parameter HIC is confirmed. Its var- and 

lability is of almost 20%. --criteria as to the performances to obtain on such 

--At thorax level: As a whole, the results remain dummies. 

correctly grouped, with a variability of less than This study did not confirm the risks which could have 
10%. This is particularly true for transversal ve- been rightly feared, concerning in particular: 
locity variation, whose standard deviation is only 
.2 ms-1 for a measured average of 11.6 ms-I. wThe variability induced by the deformable face, a test 

--At pelvis level: A satisfactory consistency is ob- tool relatively ill-known to this day. 

tained for all results. --The variability which could result from the lateral 
structure of the impacted vehicles themselves. It 
must be reminded that the number of structural com- 
ponents involved in the deformation process is sig- 
nificantly lower for a lateral impact than for a frontal 

The fLrst results obtained by using deformable faces one where a change in the behavior of one part of 
from a same manufacturing batch are encouraging. The the structure may be relatively masked out in the 
spreadings c;bserved remain acceptable, in terms of both final result. 
the deformations found on vehicles, and the values meas- Needless to say that the reproducibility of deform- 
ured on dummies. Of course, these conclusions will have able faces manufactured at different times will re- 
to be confirmed when the following is made available: main to be studied. 
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intrusion (rnm) 600 - 
H~’izonta[ cross section at pelvis level 

~ average curve (tests act 1 loS) 

500 ...... curve at-*1 standard deviation 

400 

300 . 

100 " 

PILLAR B PILLAR C PILLAR 

Figure 34. Deformations at pelvis level. 

CONCLUSION a basic parameter governing the lateral impact se- 
verity i.e., the stiffness of the impacting vehicle front 

The results obtained in this preliminary study, generally section; and 
confirm the feasibility of the lateral impact test procedure --The economic implications of such a process are of 
simulating the impacting vehicle by a moving deformable an extremely large magnitude (t0), especially when 
barrier, they are considered in the present context of scarce 

However, a detailed study of the approach to use for and expensive energy. 
developing the deformable face will have to be completed. Finally, it is clear that these several issues make it 
We have shown that merely reproducing on the dyna- essential to provide for an extensive cost/benefit analysis. 
mometric buffer, the stress-collapse performance of the 
vehicle to be simulated could result in a too-severe test 
tool, from the double point of view of its mass and of its LIST OF REFERENCES 
stiffness. 

Some modifications seem necessary in that respect, even 
if this entails a higher sophistication of the moving de- 1. Side impact insights from General Motors Field Ac- 
formable barrier assembly, cident Data Base. R. Mehta et al.--8th ESV confer- 

This is all the more supported if the following consid- ence--Wolfsburg--October t980. 

erations are added: 2. Side collision. E. Franchini--7th ESV conference 

--Such a test procedure makes it impossible to improve Pards 1979. 
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intrusion (ram) 
600 - 

Horizontal cross section at door sill level 

~ average curve ( tests .~ I fo 5 ) 

..... curvesaf-*1 standard deviation 
500- 

0 A PILLAR B PILLA_,____.R 

Figure 35. Deformations at door sill level. 

Nail speed 5. Report on CCMC Mobile Deformable Barrier De- 

at impact velopment (CW/25/81). Bruxelles--November 81. 

against 6. Development of Protection Systems in Lateral Im- 
front Standard pact. J. Provensal et al.--SAE Paper 790710--SAE 

dummy Average    deviation Variability Passenger car meeting. June 1979. 
(m/s) tests 1 to 5 tests 1 to 5 % 

7. Absorption d’~nergie pa~" d6formation des coques ~ 
Chest level 12.2 1.04 8.5 parois minces. J. ProvensaluRevue Fran~aise de M6- 
Pelvis ~evel 12.41 1.12 9 ...... canique--N° 75--1980. 

Figure 36. Tests 1 to 5. Wall/dummy impact velocities. 8. Proposal for test evaluation of compatibility between 

very different passenger cars. P. Ventre--4th ESV 

conference--Kyoto 1973. 

3. Development of a Deformable Side Impact Moving 9. EEVC Working Group N° 6--Structures--Final Re- 

Ba~n’ier. Sol Davis---Carl Ragland--8th ESV confer- port. March 1982. 

ence--Wolfsburg--October 1980. 10. Occupant Protection in Lateral collisions: Special 

4. Le choc lateral: vers un essai normalis~. R. Dar- Features of Renault EPURE. J. Provensal--7th con- 

gaudmColloque SIA 17/18 mars 1982nParis. ferencenPads 1979. 
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Standard 
Average deviation Variability 

Body area Parameter tests 1 to 5 tests 1 to 5 % 

........ Max. decel. 
.......... (g) 39,6 2,07 5,2 

Time > 80 g 
Head (ms)                  0 / / 

HIC 206 36 17,5 

Max. decel. 
........ (g) 67,4 6,4 9,5 

........ Time > 60 g 
Chest (ms) 5,76 2,8 48,6 

Time > 50 g 
(ms) 12 1,6 13,3 

Transverse &V 
(ms-t) 11,6 0,2 1,7 

....... Max. decel. 
(g) 123 2,9 2,3 

Time > 60 g 
Pelvis (ms) 12,2 0,8 6,8 

Time > 50 g 
(ms) 13,6 0,9 6,5 

....... Transverse AV 
(ms-1) 14,1 0,36 2,5 

Figure 37. Tests 1 to 5. Front dummy results. 

The Reconstruction of Two Side Impact Accidents by Performing 
Moving Car-to-Car Crash Tests 

ARNOLD K. JOHNSON injury severity of the accident victim. The accuracy of 

National Highway" Traffic Safety such injury severity predictions will be presented in future 

Administration reports by the National Highway Trat~c Safety Admin- 
istration (NHTSA) concerning development of dummies 

CHARLES E. STROTHER, J. FAVORS, for side impact. This report concerns mainly the accuracy 

ROGER LENARD and J. AXTELL of the side impact accident reconstructions and the prob- 
lems in attaining the accuracy. The degree o£ injury se- 

Minicars, Inc. 
verity of the accident victims is also reviewed. 

ABSTRACT 

This report documents the reconstruction of two real INTRODUCTION 
world car-to-car side impact accidents for which detailed 
accident investigation reports were available. The accident This report documents the reconstruction of two real 

.... reconstructions were made under controlled test condi- world car-to-car side impact accidents. These accidents, 

tions, and the accuracy of each reconstruction was eval- based on accident investigation reports from the National 
uated by comparing the damage to the vehicles in the Crash Severity Study (NCSS) (1), were reconstructed 

reconstruction to that of the vehicles in the accident. The under controlled test conditions. The accuracy of each 

objective was to reproduce side impact crash environ- accident reconstruction was evaluated primarily by com- 
ments for which a known injury severity occurred to an parison of damage to each vehicle with the corresponding 

accident victim. A dummy specially designed to predict damage recorded in the accident investigation report. 

injury in side impact was seated in the same position as The objective was to reproduce by accident reconstruc- 

that of the accident victim. The dummy’s accuracy in tion side impact crash environments for which a known 

predicting injury severity could then be compared to the injury severity occurred to an accident victim. This ob- 
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jective, however, was only an element to fulfill the larger injury criteria for side impact. This report concerns only 
objective to develop a dummy for side impact which re- the reconstruction of the two accidents. 
liably predicts injury severity for living humans. 

A dummy, esl~cially developed by the Association of 
Peugeot-Renault (APR) to predict injury severity in side SELECTION OF THE TWO ACCIDENTS 
impact crash environments (2) (3) (4), was seated in each THAT WERE RECONSTRUCTED 
accident reconstruction in the same location as that of 
the accident victim whose injury severity was known. By The National Crash Severity Study accident investi- 

this procedure it was possible to compare the injury se- gation files of the NHTSA were reviewed by NHTSA 

verity predicted by the dummy to that of the accident staff for candidate accidents to reconstruct for which one 

victim, car impacts the side of another car. Much of the infor- 
The violence of the dummy’s motion would approxi- marion in the reports is subjective based on reports from 

mate that of the accident victim. The more violent the those involved in the accident and from the police reports. 
motion, the greater the crash environment’s injury po- More objective information are photographs of damage 
tential. Measures of the degree of violence of the dummy’s to each vehicle and the specific injuries to occupants from 
motion, and thereby measures by which to predict the which is assessed an AIS injury severity number. It is 
injury severity of an impact environment were obtained difficult to assess accurately the initial conditions of the 
by instrumenting selected mechanical responses of the vehicles (e.g., velocities, angle of impact, initial strike 
dummy. ~ne dummy’s instrumented responses were those point on the struck vehicle, etc.) at the initiation of impact. 
of a Part 572 dummy (5) plus an array of linear acceler- The accident reports contain essentially no information 
ometers (6), which was mounted to the chest, and a gage concerning an occupant’s position and posture at the ini- 
to measure lateral compression of the chest, tiation of the vehicle’s being laterally impacted. Some 

Accidertt reconstructions for which a known injury thought was given by the NHTSA staff to use a program 
severity occurred to an occupant could be used to calibrate such as the Calspan Crash Victim Simulator (7) (8) (9) 
a dummy’s mechanical responses so that the responses (10) to study the sensitivity of an occupant’s response as 
could be used to predict injury severity. The reconstruc- a function of his location at different distances from the 
tions, however, are expensive. As an alternative, efforts impacted side of the vehicle. It was decided, however, to 
are being made to develop predictions of injury severity avoid such an effort at this time and to minimize uncer- 
of lateral impact environments based on injury producing, tainty in location and posture by considering accidents 
controlled lateral impacts to unembalmed cadavers. The in which: 
APR dummy was designed to have impact responses sim- 

1. The driver was the injured occupant of interest. 
ilar to those of the cadavers. Efforts are being made to 

2. The driver was seated in a bucket seat in a smaller 
correlate injury severity of the cadavers with selected 

size car. 
instrumented responses which are common to both the 

3. The lateral impact was in the region near the driver. 
dummy and the cadavers. The cadavers were instru- 
mented like the dummy with the same array of linear One of the pairs of accidents chosen was a 1965 Pontiac 
accelerometers mounted to the chest, but not with a gage Catalina impacting laterally a 1978 Toyota Celica Lift- 
to measure lateral chest compression. Thus, it is primarily back, and the other accident was a 1972 Chevrolet Malibu 
the responses of the array of linear accelerometers which impacting laterally a 1969 Volkswagen Beetle. Both target 
are to be the basis for predicting side impact injury se- vehicles have smaller than average interiors. Their small 
verity to the chest, interiors helped to reduce the uncertainty of the driver’s 

Although cadavers have the important feature that they position at the instant of impact. 
can be injured, they have the drawback that they are not As stated, the dummy was that of the Association of 
lifelike (lack of muscle tone, etc.). Whatever injury se- Peugeot-Renault, and its size was that of a 50th percentile 
verity predictions may finally be developed based on side male. It would be ideal, of course, to choose accidents 
impacts with instrumented cadavers, the predictions must for which the driver was also approximately the size and 
be in reasonable agreement with the injury severity of weight of a 50th percentile male, whose weight is 164 
accident victims. If there should be significant disagree- pounds and whose height is 67 inches. This is not praco 
ment, then an appropriate adjustment will have to be tical, however, due to the limitations of the accident data. 
made to the predictions. The two accident reconstructions For the Pontiac/Celica accident, the driver of the Celiea 
were conducted to provide a check on the reliability of was a 120 pound female whose height was 63 inches (age 
any predictions of injury severity in side impact that may 45 years). In respect to the Malibu/Beetle accident the 
be derived based on tests with cadavers, driver of the Beetle was a 155 pound male whose height 

The instrumented responses of the dummy and its abil- was 70 inches (19 years). Thus, in the Beetle, whose 
ity to predict injury severity will be reported by NHTSA interior was the smaller, the driver was the closer to the 
later in conjunction with the ongoing efforts to develop size and weight of the APR dummy. Age, physical health, 
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weight and other human factors may affect injuries sus- LI: located near the bottom left 
tained in a specific accident. L2: located near the bottom right 

The accident investigation reports for each of the two L3: located just above columns L and C1 
........ accidents are reviewed in the next two succeeding sections. L4: located near the top center 

The vehicle diagram indicates the location, however, 
REVIEW OF THE 1965 PONTIAC CATA- of only L1, L2 and L3. It is the L4 set of measurements 
LINA/1978 TOYOTA CELICA ACCIDENT which is recorded (to the nearest inch) in the official data 
INVESTIGATION REPORT* section near the bottom. They are clearly in approximate 

agreement with the set L3. It should be noted that the 
............ In this accident the Pontiac impacted the side of the length of dent L3 is 101 inches while that of L4 is 107.5 

Celica in the region near the driver. Figure 1 is a copy inches. This difference might well reflect subjective dif- 
of an actual data sheet from the accident investigation ferences between investigators as to where the direct dent 
report which documents the damage to the laterally im- begins and ends. Because the L4 set of measurements is 
pacted Celica. It will now be reviewed, recorded in the data section near the bottom, this is as- 

The data recorded near the top of Figure 1 are self- sumed to be the best set against which to compare dents 
...... explanatory. Elsewhere the accident investigators have in the reconstructed crashes. Someone on the investigation 

shaded regions of the vehicle to indicate the general lo- team judged this set as the best data. 
cation of damage. The depth of shading approximates the The dent L1 has a length of only 10 inches, and, as is 
depth of damage. It is clear that two separated damaged the policy, for this short distance only four depths of 
areas occurred, one at the side of the extreme front of dents were measured rather than the usual six. 
the left front fender and a second which extends approx- For the bullet Pontiac, the dent damage was confirmed 
imately between the two axles on the driver’s side. to the front of the vehicle and the set of depth measure- 

It is the general policy of accident investigators to ments to the nearest inch are listed below. 
record on such a diagram the "direct dent" rather than It must be carefully noted that the height of damage 
the "direct dent plus the induced dent." The direct dent to each vehicle in Figure 1 is not given. For this particular 
is that caused by direct contact with the impacting vehicle, accident no height was found recorded in the accident 
and the induced dent is that which extends beyond the report. If one can assume for this accident (a) that the 
region of estimated direct contact. The point C1, in Figure accident bullet car was not carrying an unusually heavy 
1, is the measurement closest to the rear of the vehicle load or nose diving due to braking, (b) that the impacted 
and is at the estimated point where the direct dent starts, vehicle was not undergoing a roll due to crash avoidance 
The point C6 is the measurement closest to the front of maneuvers and (c) that investigators took their measure- 
the vehicle and is at the end of the direct dent opposite ments at the height where the maximum dent damage 
to that of C1. The other four measurements of depth of occurred, then it can also be assumed that the maximum 
dent are evenly spaced spaced between C1 and C6. The depth of dents in the reconstructed accident occurred at 
total length of the direct dent is L. Thus, the distance the same height as in the accident. This was the assump- 
between each dent measurement is L/5. By this proce- tion that had to be made. 
dure, there is no guarantee that the maximum depth of The accident investigation report also provides meas- 
dent will be at one of the points measured. The maximum urements of interior intrusion. Intrusion of the A-pillar 
could lie in between measurements. Another parameter was 7 inches. The maximum intrusion of the door panel 

shown in Figure 1 is D which is the location of the center was 16 inches, and the accident report also records this 
of a dent from the vehicle’s estimated center of gravity as the point which was in contact with the occupant. This 
along the vehicle’s profile. (See Reference (1) for more point was approximately the arm rest, and the accident 
details.) report records the injury source for the chest injury as 

If a dent is short such as that near the front of the left the arm rest. 
front fender in Figure 1, then only four measurements of We now review the data in the accident file concerning 
the depth of dent are made rather than six. the driver of the Celica and the degree of injury- severity 

A review of Figure 1 indicates that four sets of depth that this occupant suffered. It is the degree of injury 
of dent measurements were made for the larger of the severity to this occupant which is of interest and against 
two dents and by the differences in handwriting they 
obviously were not all recorded by the same investigator. 
Each set is designated by a subscripted "L" number, and 
they are now located in Figure 1 as follows: 

Table 1. Depth of dent on the front of bullet Pontiac (inches). 

L C1 C2 C3 C4 C5 C6 D-+ 
79       6        14      12      14      13       8       0.0 *This accident report is numbered as case 04902002 in the NCSS files~ 
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I UPD__ATE TEAH YEAR ~ONTH DAY 

U,S. DOT/NHTSA 
NATIONAL CRASH SEVERITY STUDY -- 

VEH. NO. 0 0 VEHICLE DATA 

D&~IAGE DESCRIPTION WHEEL STEER ANGLES* 
WHEELS L~D BY D~GE - (For locked front ~eels 

RF ~ placed rear axles only), 

LF / 

RF:~LF + 

I Yes, 2 No, 8 ~, 9 Unk. 

2                                                          " 

I SO~: ~E C1 FROH: DRIVER ~ P~SENGER SIDE IN FRONT OR REAR 
6 

IMPA~S: ~AR mO FRO~ IN SIDE 
3/78 

Figure 1. Actual data sheet from the accident investigation file concerning damage to the target 1978 Toyota Celica Liftback. 

which predictions of chest injury severity will eventually accident Celica (Figure 12) shows the driver’s door ap- 

be made. patently being held in place by a segment of a seat belt. 

The driver of the Celica was: The upper hinge appears broken loose. It is likely this 
door was forced open to remove the trapped occupant, 

(1) 45 years of age 
thereby inducing greater damage to the door area. (Figure 

(2) 63 inches in height 
12 will be discussed in detail later.) 

(3) 120 pounds in weight 
Although the driver suffered a basal head fracture with 

(4) female a severe concussion, rated as 4 on the Abbreviated Injury 
(5) unrestrained 

scale (AIS) (11), this report is principally interested in 

It is interesting to note that this occupant is listed as injuries to the chest, and it is these injuries that are 

having been trapped. A photograph of damage to the reviewed. 
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The equations to predict chest injury severity do so in Table 2. Depth of dent on the front of bullet Malibu (inches). 
terms of AIS. Equations may yet be derived which predict 

chest injury severity in terms of the number of rib frac- I L C1 C2 Ca C4 C, C6 D-+ [ 
...... tures. Thus this discussion of chest injuries will concen- 

[ 74 6 5 5 4 4 3 0 
trate on injury to the chest assessed in terms of AIS and 
the number of rib fractures. 

The injury record for the driver of the Celica shows depth of dent was recorded elsewhere in the accident 

bilateral injuries to the lung with the arm rest indicated report as 34" above the ground. 

as the source of injury. Although the primary impact was For the bullet Malibu, the dent damage was confined 

to the left side of the driver, the record shows three rib to the front of the vehicle, and the set of depth of dent 

fractures on the right side and a fractured right clavicle, measurements to the nearest inch listed below are taken 
Only one rib was fractured on the impacted left side. from the accident report. 
Injuries to the right side of the chest cannot be attributed We now review the data in the accident report con- 

to a front seat passenger, because the driver was the only cerning the driver of the Volkswagen Beetle and the de- 

occupant. Involvement with the steering wheel during gree of injury that this occupant suffered. It is the degree 

rebound from the door seems highly probable, especially of injury severity of this occupant which is of interest and 

since there were facial fractures. It is not clear how rib against which predictions of injury severity will eventually 

fractures occurred on the right hand side of the driver, be made. 

There may have been an error in recording the injuries. The driver of the Volkswagen Beetle was: 

The accident investigation report gives the severity of (1) 19 years of age 
chest injuries as AIS 4 and the number of rib fractures (2) 70 inches in height 
as 4. (3) 155 pounds in weight 

(4) male 

REVIEW OF THE 1972 MALIBU/1969 (5) unrestrained 
VOLKSWAGEN BEETLE ACCIDENT The driver’s chest injuries, pneumothorax and ruptured 
INVESTIGATION REPORT* spleen, were judged to be of severity AIS 3. There were 

no broken ribs. 
In this section the Malibu impacted the side of the 

Beetle in the region near the driver. Figure 2 is a copy 
from the accident report which documents the damage GENERAL PROCEDURES USED TO 
to the Beetle. This figure for the laterally impacted Beetle RECONSTRUCT THE ACCIDENTS 
will now be reviewed. 

The data recorded near the top of Figure 2 are self- Every effort was made to obtain cars similar to those 
explanatory. Elsewhere the investigators have shaded re- in the accident. However, for two of the 1965 Pontiac 
gions of the vehicle to indicate the general location of Catalina/1978 Toyota Celica crashes it was necessary to 
damage, and the depth of the shading gives a rough es- substitute a 1966 Pontiac Catalina and a 1966 Pontiac 
timate of the general depth of damage. It is clear that Grand Prixbecause of difficulty in obtaining 1965 Pontiac 
two separated dents occurred, one on the driver’s side in Catalinas. The Pontiacs were used as bullet vehicles, and 
a region centered near the driver, and a second at the the structural strength of the substituted vehicles was 
right hand side of the rear bumper. The accident report judged to be equivalent for frontal impact to that of the 
records these separate damaged areas as due to separate 1965 Pontiac Catalina. Similarly for the 1972 Chevrolet 
impacts. However, the damage to the driver’s side oc- Malibu/1969 Volkswagen Beetle, one of the three crashes 
curred first. It is assumed that the chest injuries were due used a 1970 Beetle and another used a 1971 Beetle. Side 
to the initial impact against the region near the driver, structural strength was judged for each of these vehicles 
The driver was ejected, and the degree to which the ejec- to be equivalent to that of the 1969 Beetle. 
tion may have aggravated his chest injuries is unknown The accuracy of the reconstruction of an accident de- 
but assumed negligible, pends upon how accurately one knows and can recon- 

A review of Figure 2 indicates that a set of direct dent struct the initial conditions for both vehicles and all 
measurements was made on the Beetle for each of the occupants at the moment of impact. The initial conditions 
two separated dents. The first row of dent measurements for the vehicles are many: the speed of the laterally im- 
recorded near the bottom of the figure is for the larger pacted target car; the speed of the bullet car; the angle 
dent on the driver’s side, and the second row of meas- of impact between the two cars; the skidding of each car; 
urements is for the smaller dent at the rear of the Beetle. the weight of cargo; possible pre-impact braking; etc. 
Fortunately for this accident the height of the maximum Important additional information is the type of pavement 

*This accident report is nurabered as cas~ 6710079 in the NCSS files and its condition. 
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U.S, DOTiNHTSA NATIONAL CRASH SEVERITY STUDY 

VEHICLE DATA 

D~L~GE DESCRIPTION WHEEL STEER ANGLES* 
WHEELS LOCKED BY D~AGE (For locked Front wheels or dis- 

RF ~’~ placed÷rear axles only) 
RF 

LF 
LF ÷ 

RR    ~                                                            *              Within ~ S" RR 

1 Yes, 2 No, 8 NA, 9 Unk.          ~. 

Impact I l,~, C1 C2 

I 

C3 C4 C5 C6                D+ 
Number ,~ /. 

3 

4 

NOTE: MEASURE C1 TO C6 FR{]~!: DRIVER TO PASSENGER SIDE IN FRONT OR REAR 

mPACTS: REaR TO FRONT ~ SIDE ~WACTS 

Figure 2. Actual data sheet from the accident investigation report concerning damage to the target 1969 Volkswagen Beetle. 

Some of the information of the occupants and vehicle point of impact of each vehicle. The crash test set up 
is recorded in the accident report. The initial conditions required that the velocities of the two vehicles be in the 

for the vehicles have to be inferred from damage to each ratio of small whole numbers. This restriction fortunately 

vehicle, possible skid marks, final rest position, etc. caused no problems in obtaining good reconstructions in 

Only a limited number of vehicle initial conditions can terms of vehicle damage. 

be controlled. For this program they were (a) the speed First the accident report was reviewed for information 

of the impacting bullet vehicle, (b) the speed of the lat- to make a rough estimate of the crash’s initial conditions. 

erally impacted target vehicle, (c) the angle of impact Next this rough estimate of initial conditions was used 

between the two vehicles and (d) the respective initial as input for a series of computer accident simulations 
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using a program entitled SMAC (12). SMAC was used 
on a trial and error basis to search for a set of initial 

conditions for wl~ich SMAC’s prediction of damage to 
each vehicle seemed reasonably close to that recorded in 
the accident report. 

The set of conditions for which SMAC was judged to 
estimate best the vehicle damage was then used for the 
initial car-to-car controlled crash. The degree and type 
of damage that occurred to each vehicle in the caroto-car        ~3~ 
crash test was used as the basis for judging how to modify 
the initial conditions for the next crash in the series. Each 
series consisted of three car-to-car crashes. 

The procedure used to reconstruct the accidents is dis- 
cussed in detail in the sections which follow. First we 
review the Minicar’s crash test facility. 

CAR-TO-CAR CRASH TEST FACILITY 

The Minicars car-to-car crash test facility can tow and 
gaide two 5,000 tb vehicles up to 100 mph ctosing velocity. 
It can be used for tests of one moving car impacting at 
various angles and velocities the side of another moving 
car. 

As shown in Figure 3, it employs two rails to guide 
vehicles as they approach the central impact point. One 
rail is 1,300 feet long and is fixed in location. Another 
rail is 300 feet !ong and can be oriented at any angle from 
15 to 165 degrees relative to a fixed rail. Side impacts at 
various angles can thus be accommodated. 

Paralle1 and adjacent to the 1,300 foot fixed rait is a 
continuous loop cable which is driven by engines (not 
shown) connected to a winch through an automatic trans- Figure 3. Schematic of the Minicars, Inc., car-to-car crash 
mission. Power is transmitted to the vehicle on the other test facility. 
rail by a cane connected between the two vehicles. The 
vehicle on the 1,300 foot rail pulls the vehicle on the other 
rail. It is necessary, however, that the connecting cable attached to the power cable. Its velocity was twice that 
must be continuously in tension° To maintain tension, the of the Malibu. 
car powered by the driven cane must undergo a constant Due to dynamic stretch of the cable connecting the 
acceleration up to the crash speed. Use of such a con- two vehicles, the ratio oftl~e two velocities was not exactly 
necting cable kept in tension assists in attaining an ac- an integer. To assure accurate measurement of each 

curate impact point on the target vehicle. Just prior to hicle’s velocity, a velocity trap was used for each vehicle 
impact the one vehicle is decoupled automatically from to measure its velocity after decoupling from its respective 
the power cane, and the second vehicle is decoupted cane just before the initiation of impact. 
automatically from the cane connecting the two vehicles. In each of the two series to reconstruct two different 
The two vehicles crash into each other with their own accidents, it was the target car, the Celica in one case 
kinetic energy, and their post-crash trajactories are a func- rand the Beetle in the other, wbJch was coupted to the 
tion of their respective kinetic energies and crash forces, driven cable and whose velocity was controlled by con° 

The ratio of the velocity of the vehicle on one track to trolling the cable’s speed. 
that of the vehicle on the other track is determined by The amount of dynamic stretch that actually occurs in 
various pulley systems that can be used. For example, the cable connecting the two vehicles is a function of the 
the path followed by the cable connecting the two vehicles acceleration to the crash speed of the vehicle coupled to 
in Figure 4 is such that the velocity of the vehicle attached the driven cane and the weight of the other vehicle that 
to the power cable is twice that of the vehicle being pulled the cane is pulling. The effect of cane stretch on the 
by the connecting cable. This was the cane arrangement velocity ratio is negligible. However, cable stretch can 
used for the Chevrolet Malibu!VW Beetle, with the Beetle cause a significant error in the strike point on the target 
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2:1 SPEED RATIO 

OBTUSE-ANGLE COLLISION 

Secondary Guide Shoe 

Main Tow Hook/Guide Shoe , ::~,,:~,:c ....... ,o~:,t:o,c~B. 

Figure 5. Crash configuration and impact parameters for the 
First Pontiac/Celica accident reconstruction. 

THE SERIES OF ACCIDENT RECON- 
STRUCTIONS BETWEEN A 1965 PONTIAC 
AND A 1978 CELICA 

Based on the information in the accident investigation 
repor~ and a series of simulated crash reconstructions 

Figure 4. Schematic of Minicars, Inc., crash test facility to using SMAC, it was decided for the first car-to-car aco 
show how power is transmitted by cable to the cident reconstruction that the angle of impact should be 
two crash vehicles so that the velocity of the ve- 
hicle attached to the driven cable is twice that of 

perpendicuJar against the driver’s side. The geometry is 

the other vehicle, shown and the intended and the actual crash parameters 
are listed in Figure 5. 

Figure 5 is a pre-test view of Celica for the first car° 

vehicle. An error in the strike point of less than 6 inches 
can have a large effect on the degree of vehicle damage. 
This is especially true if the target vehicle is small, and 
large structural changes occur over a short distance (e.g., 
the Volkswagen Beetle which was one of the target ve- 
hicles). Thus, it was necessary- to run two or more pre- 
liminary crashes of two vehicles of approximately the 
same weight and size as those to be crashed. The first 
preliminary test established the deviation of the actual 
strike point from that intended. An adjustment, usually 
of several inches, was then made in the length of cable 
connecting the two vehicles to compensate for and thereby 
reduce this error due to dynamic stretch. A second pre* 
liminary crash was then conducted to confirm that proper 
compensation had been accomplished. The goal was to 
be within plus or minus 3 inches of the intended strike Figure 6. Pre-test view of Celica’s left side for the first car- 

point+ to-car accident reconstruction. 
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The Celica was coupled to the driven cane. and thus 
it was the Celica’s speed that was controlled by the cane’s 

speed. The cable connecting the Celica to the Pontiac 
passed through a pulley system by which the Celica pulled 
the Pontiac at a speed three times that of the Cetica. It 
was necessary to change the driven cane’s speed and the 
length of the connecting cane in order to change the 
initial impact speeds and impact point from one test to 
the next in order to obtain impro-ved damage compara- 
bility with that recorded in the accident report. The cao 
ble’s pulley system remained unchanged for the series of 
three accident reconstructions. 

The actual ve!ocities and the actual offset listed near 
the bottom of Figure 5 are different from the intended 

Figure 7. Overhead view of the pre-test positions for the first values. As discussed in the preceding section, the differ- 
Pontiac/Celica car4o-car accident reconstruction, ence in offset (i.e., initial strike point) can generally be 

attributed to the variability of the stretch of the cane 
connecting the two vehicles. 

to-car crash test. It shows vertical marking tapes pasted Figure 8 shows the matrix of the points at which depth 
to the left side of the Celica. One tape is above the front of dent measurements were made. Some of these points 
axle, which is used as a reference point. The other tape can be seen marked on the door in Figure 6. 
is t6.5 inches to the rear of the front axle and marks the As stated at the beginning of this report, the accuracy 
intended initial impact point for the first car-to-car ac- of the accident reconstruction is judged in terms of impact 
cident reconstruction. This distance is defined at the boto damage to the two vehicles. The maximum depth of dent 
tom of Figure 5 as a "positive offset" because the intended of the target Celica of this first accident reconstruction 
impact point is to the rear of the front axle. Figure 6 also was 6.8 inches, whereas Figure 1 shews a maximum of 
shows the dummy seated in the driver’s position. 17 inches. 

Figure 7 is a pre-test view of the two vehicles brought Figure 9 documents for this first reconstruction of this 
together and touching each other at the intended point series the damage to the target Cetica. Damage to the 
of impact, bullet Pontiac is documented in Figure t0. For compar- 

l~acfi.g Vehicle 
A2 ~ ~EZ- 

A-Pillar 

of Near Ground 
Wheel 

Cen~erline of = Haffway 
Fron~ Door Between 

~ Locations al which in~rusion measurements a~ 

~ C2 and C3 at ~me height. 

Figure 8. Matrix of points on the impacted side of the Celica at which depth of dent measurements were made. 
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Figure 9. A view of the damage to the left side of the target Figure !0. A view of the damage to the front of the bullet 
Cetica after the first car-to-car accident reconstruc- Pontiac after the first car-to-car accident recon- 
tion, struction. 

ison, reference is made to Figures 11 and 12 which show accident vehicles. However, it was felt that the required 
danage to the accident Celica. Figure 13 shows damage increase in impact damage for the next reconstruction 
to the accident Pontiac. could be obtained by increasing the velocity of the butler 

It was clear by both measurement and view of the Pontiac with the corresponding increase in the Celica’s 

damage that the impact was not as severe as that for the velocity remaining (because of the cane system) one-third 

Figure ! 1. A photograph of damage to the accident Celica. 
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Figure 13. Another view of damage to the accident Pontiac. 

REVIEW OF THE NUMERICAL DATA Table 3. Summary of the test condition of the Pontiac and 

PERTAINING TO THE THIRD AND FINAL- Celica for the third and finn Pontiac/Ce~ica accio 

PONTIACiCELICA ACCIDENT dent reconstruction. 

RECONSTRUCTION 
Pontiac        Celica 

Vehicle manufaco General 
This section presents the numerical data of the third turer Motors Toyota 

and final Pontiac/Celica accident reconstruction. This is Make/mode~ Grand Pdx Celica GT 
considered the best reconstruction of the series of three. Liftback 

An APR dummy was seated in the driver’s position in Mode~ year 1966 1977 
the target Celica. Two lap belted Part 572 dummies were Vehicle ldentifica- 
in the bullet Pontiac, one in the driver’s position and the tion Number 266576C141179 RA42001528 
other in the front seat occupant’s position. Number of engine 

Table 3 summarizes the test condition of the Pontiac cylinders 8 4 
and the Celica. Engine cylinder 

Figure 8 specifies the matrix of locations at which dent displacement 398 in3 133 in3 
measurements were made. Table 4 records the measure- Transmission 8 speed/auto 5 speed/man. 
ments. However, the maximum depth of dent occurred Type of front seat Bench Bucket 
at a point not located on the matrix. Figure 18 provides Number front seat 
additional information on the depth of dents, including occupants 2 2 
the location of the maximum dent of 16 inches. This Body style 2-door sedan 2-door hatch° 
maximum compares well with the 17 inch maximum re- back 

corded in the row of dent measurements at the bottom Total test weight with 
of Figure 1. required dynamics 4220 Ib 2850 Ib 
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Figure 12. Another view of damage to the accident Ce~ic& (Arrow near the rear wheel indicates the point assumed to be 
that of the most rearward extent of the direct dent.) 

that of the Pontiac. It was decided that neither the offset way damage is distributed on the accident Celica. Poor 

of 17.5 inches nor the pe~endicular angle of impact comparison was attributed to the offset being 26.25 inches 

needed to be modified. It was difficult, however, to decide instead of the desired 17.5 inches. The reason for so large 

what the velocity of the Pontiac shoutd be. Since the next an error is unclear and difficult to explain by cable stretch. 

reconstruction would be the second in a series of three, The length of cable connecting the two cars may have 

it was decided to choose a velocity that would probably been in error. The figures show a lot of damage to the 

be tc,a high. Then for the third and final reconstruction Celica even if the maximum dent was only 11.5 inches. 

the velocity would be chosen by interpolating (based, of As can be readily seen in Figure 15, two large separated 

course, on damage severity) to a velocity between those dents occurred. The amount of kinetic energy expended 

of the first two reconstructions. By engineering judgment to form them was felt to exceed that of the damage of 

the Pontiac’s velocity for the second reconstruction was the accident Celica. Thus, it was felt that the Pontiac’s 
chosen to be 31 mph. velocity was too high. Figure 16 shows damage to the 

Ngure 14 is similar to Figure 5 and shows the geometry Pontiac. 

and tists the intended and actual crash parameters for For the third and final reconstruction of this series, 

the second Pontiac!Celica accident reconstruction. (The the desired velocity of the Pontiac was 29.5 mph. Figure 

cable system was the same as for the first reconstruction 17 is similar to Figures 5 and 14 and shows the geometry 

of this series.) The maximum depth of dent for the target and lists the intended and actual crash parameters for ........ 

Celica was 11.5 inches which was considerably less than the third reconstruction. The results of this third and 
the 17 inch maximum dent of the accident Celica. Figure final reconstruction are the closest in agreement with the 

15 shows damage to the Celica after the second recono accident and are discussed in detail in the sections im- 

structiom The ~age does not compare well with the mediately fo!lowing. 
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Figure l& A view of damage to the bullet Pontiac after the 
second Pontiac/Celica carotoocar accident 

~ ~, ..... ~, ~, ..... ~ o~ ~ ........ ,,~ Figure 19 compares the dent damage graphically of the 
~ ~ .... ~ ....... ~ ~ ~ ............ ~, accident and reconstruction Celicas. The two points listed 

...... ~ ~ ~ .... as "not measured pre-test to establish a reference point" 
are the two rea~ard dents shown in Figure 18. The other 

Figure 14~ Crash confi~uratbn and impact parameters of points for the reconstruction are points H~, B3, E3, a~d 

the second Pontiac/Celica accident reconstruc- A~ from Table 4. It should also be recognized that the 
t~on depth of dent measurements made on the accident Celica 

have the same unce~ainty as these two points, because 
the accident investigators had ~o pre-impact measure- 
merits. The matrix of dent measurements ia Figure 8 is 

z 

Figure 15. Another view of damage to the target Ce{ica after Figure 17. Crash configuration and impact parameters of 
the second Pontiac/Cetica car-to-car accident re- the third and final Pontiac/Celica accidental reo 
construction, construction. 
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I~ODY GOUGED AND TO~N 
APPR~Ox, 16" 
DEFORMATION 

UPPER DOOR 
H~NGE 

/~P~OX, 14’, 
~PROX, ~" DEFORMATION 

~ 14" 

LOCATION OF "A" COLUMN OF MEASUREMENTS 

SHOWN IN FIGURE 26 

TOYOTA CELICA r~O<IMLN CRUSH POINTS - TEST 1951 

Figure 18, Location of the maximum dent of 16 inches on the target Ce~ica on the third and final Pontiac/Celica car-to-car 
accident reconstruction; 

restricted to the compartment area and thus the measo Measurements of the bullet Pontiac indicated that the 

urements were not made as far forward as for tlae accident impact reduced its total length at the centerline by 9.25 

Celica~ In retrospect this was unfortunate, inches° The accident report indicates that the damage is 
symmetrically distributed about the Pontiac’s longitudio 

Table 4. Depth of dent measurements on the target Celica hal centerline. The mean of the dents at stations C3 and 

on the third and final PontiaciCelica reconstruction. C4 would then correspond to the dent at the centerline 
above. The mean of the C3 and C4 dents is t3 inches. 

Depth of Depth of This is reasonable agreement with 9.25 inches. 

dent dent 
Location* (inches) Location (inches} 

A1 2.5 E1 2.85 REVIEW OF THE PHOTOGRAPHED VEHF A2 7.75 E2 11.5 
A3 7.75 E3 ll.5 CLE DAMAGE OF THE THIRD AND FINAL 
A4 7.50 E4 11.0 PONTtAC/CEUCA ACCIDENT RECON’ 
A5 3.75 E5 8.9 STRUCTION COMPARED TO THAT OF THE 
B1 2.35 E6 0.0 ACCIDENT 
B2 3.75 H1 N/A 
B3 3.75 H2 0.0 
B4 5.25 H3 0.0 Figures 20, 21, and 22 are photographs of damage to 
B5 4.50 H4 0.75 the vehicles in the third and final PontiaciCelica accident 
B6 0°40 H5 1.1 reconstruction. This is considered the best reconstruction 
Cl N/A H6 0.0 of the series of three. The damage in these photographs 
C2 N/A 
03 N!A is comparable to the views of damage in Figures 11, 12, 

C4 0.0 and 13 respectively of the two accident vel~icleso Discus° 
C5 0.0 sion of each pair of corresponding photographs follows. 
C6 N/A Figures 1t and 20 show respectively, from the same 

~See Figure 26 for definition of locations of depth of dent measurements, angte of view, damage to the accident and to the recon- 
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appears to be greater indentation to the sill area in the 
accident vehicle. Panic braking was not simulated in the 
reconstruction. The left front headlight was reoriented 

T, ..... po,,,, slightly in the accident, but not in the reconstruction. In 
.......... , ........... b,,, the accident more severe damage occurred to the B-pillar 

near the window sill than in the reconstruction. 
In terms of similarities, the accident investigation re- 

port (Figure 1) lists the maximum dent in the Celica as 
17 inches while that measured in the reconstruction was 

~ 
~ 16 inches, a value that is within experimental error. Com- 

~ ~ paring the depth of dent in the two photographs is ob, 
~ t ~ viously difficult, especially since the door may have been 

~ \ pried open or off, but the photographs do not contradict 
~= ~ \ ~ the assumption that they are almost equal. The accident 

~ ~ report shows (See Figure 1) a short part of the fender 
~ directly above the left front wheel not dented, and this 

is supported by the photographs of both the accident and 

~ the reconstruction Celicas. Both Celicas had damage near 
~ the left front coruer of the hood with more severe damage 

~ ~ ..~.o., occurring in the reconstruction. The accident Celica 
: --~---,, .......... ,o. shows the hood raised slightly, but this may be due to 

: its being raised after the accident in order to provide 
~ .... , , ..... ~ routing of the belt which appears to be holding the d~3r 

in place. The indentation to the left front fender of each 
~ ~ ~ ~ ~ vehicle seems comparable, and the indentation on both 

vehicles extends back to a point slightly forward of the 
’o’" ......... " ....... *~. rear axle. The left side of each windshield underwent 

........... similar shattering. 

............. Figure 19. Graph comparing dent damage of the acciden Reference is made to Figures i 1 and 20. Clearly the 
Ce~ica and the Ce~ica of the third and final ac- B-pillar in the accident was twisted more than in the 
cident reconstruction, reconstruction. The lack of shadows in the accident pho~ 

tographs make comparisons of damage near its front dif- 
ficult to compare with that of the reconstruction. The 

struction Celica. Figures 12 and 21 are a similar pair of depth of dent in the door area appears greater for the 
photographs but from another view. As can be seen in accident than for the reconstruction. But this may be due 
both pairs of photographs, the angle of the left front wheel to the accident Celica possibly having its door pried loose 
relative to the chassis is reversed in the accident photo, to free the occupant. 

graphs from what it is in the reconstruction. It is believed We now discuss the damage to the bullet Pontiac as 

that the angle in the photographs 20 and 21 of the re- shown in the two corresponding photographs, Figures 22 
construction is correct; the angle attained in the accident and 13. It is clear that in the accident there was consid- 
investigation photograph is believed to be a result of tow- erable damage to the accident Pontiac’s left front fender, 
ing from the accident scene. The door of the Celica in but much less to that of the reconstraction Pontiac. Bend- 
the accident photographs appears to be held in place with ing of the hood is different in the two photographs. There 
a segment of a seat belt, and the upper door hinge seems appears to be greater damage to the left side of the re- 
to have been toru loose. It is possible that the door had construction Pontiac than to that of the accident. Yet the 
to be pried open or off at the accident scene in order to amount of kinetic energy expended in damage appears to 
remove the victim. In the reconstruction photographs of be comparable. Various explanations could be offered for 
the Celica the door’s sheet metal is toru at the point of the differences in damage. As stated earlier, the accident 
maximum indentation; such a tear does not appear in the Pontiac may have been nose diving due to panic braking. 
corresponding accident photograph. The point of maxi- The angle of impact was assumed to be 90°, but a slight 
mum indentation in the accident Celica appears at ap- deviation from this orientation could rnake a difference 
proximately the same distance forward of the door handle, in damage. Speculations such as these could have been 
but perhaps three inches lower than in the reconstruction investigated if more than three pairs of velaictes l~ad been 
photograph. The dent appearing to be located lower in available for crash testing. 
the accident may be due to the Pontiac’s nose diving in This section completes the review of the third and fin!l 
response to panic braking. This also would explain what Pontiac/Celica accident reconstr~ction. 
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Figure 20, A view of damage to the target Celica in the third and final Pontiac/Celica car-to-car accident reconstruction~ 
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Figure 2!. Another view of damage to the target Celica in the third and finai Pontiac/Celica car-to-car accident reconstruction~ 
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Figure 22° A v{ew of damage to the bullet Pontiac in the third and final Pontiac/Celica caroto~car accident reconstruction, 
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Figure 23. Crash configuration and impact parameters of 
the first Matibu/Beetle accident reconstruction. 

THE SERIES OF ACCIDENT 
RECONSTRUCTIONS BETWEEN A 
1972 CHEVROLET MALIBU AND 
A 1969 VOLKSWAGEN BEETLE                Figure 24. A view of the pre-test vehicle positions for the 

first Malibu/Volkswagen Beetle car-to-car acci- 
Based on the information in the accident investigation dent reconstruction. 

report and the results of a series of simulated crash re- 
constructions using SMAC, it was decided for the first 
car-to-car accident reconstruction that the angle of impact damage. More significant than damage to the door, there 

would be perpendicular against the driver’s side. The is a large hole in the side due to the B-pillar’s being bent 
geometry is shown and the intended and the actual crash into the form of a V. Judgments as to how well damage 
parameters are listed in Figure 23, severity was duplicated was based mainly on damage to 

Figure 24 is a pre-test view of the two vehicles touching the B-pillar. The photograph of Figure 27 documents for 
at their intended points of contact. These points are this first reconstruction of this series the damage to the 
marked with tape which can be seen. target Beetle. Damage to the bullet Malibu is documented 

The cable system used to connect the two vehicles was in the photograph of Figure 28. For comparison, reference 

such as to provide the bullet Malibu with a velocity one- is made to Figures 25 and 26 which document respectively 
half that of the target Beetle. damage to the accident Beetle and damage to the accident 

The actual velocities and the actual offset listed near Malibu. 
the bottom of Figure 23 are different from the intended It was clear by view of the damage of the first recon- 
values. As already discussed the difference in offsets can struction that the impact was too severe with too much 
generally be attributed to the variability of cable stretch, damage to the B-pillar. A review of high speed motion 

As stated at the beginning of this report, the accuracy pictures revealed that the bending of the B-pillar was 
of the accident reconstruction is judged in terms of’impact caused by the front point of the Malibu first denting the 

damage to the two vehicles. Figures 25 and 26 are pho- area ahead of the B-pillar and then engaging and bending 
tographs showing respectively damage to the accident the B-pillar. For the second test of this series it was 
target Beetle and the accident bullet Malibu. In Figure decided by engineering judgment to reduce the speed of 
25 the door is lying face down preventing view of the the Beetle from the 40.7 mph of the first reconstruction 
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Figure 25. A view of damage to the target Beetle of the accident. 
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Figure 26. A view of damage to the bullet Malibu of the accident. 
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F~gure 27. A view of damage to the target Volkswagen See- 
tie a~er the first MalibuiBeetle car-to-car acci- 
dent reconstruction. 

to 35 mph with the spe~ of the Malibu being reduced ..... ~ .............................. ~ ......... 

to 17.5 mph (one-half that of the Beetle). The offset was ~ ................. ~ .... ~ ...... ~ 
kept at 7.25 inches ~d the angle of impact was kept , "~ ..... *"~ ~ ..... ~ ................. 

~ndicular. ’ "~ ................................... 

Figure 29 is similar to Figure 23 ~d shows the crash 

geomet~ and lists the intended and the actual crash pa- F~gure 29. Crash configuration and impact parameters of 
r~ete~ for the second accident reconstruction o£ t~s the second MNibu/Beet~e car-to-car accident re~ 

series. Note that the actual offset recorded ~n Fi~e 29 construction. 

is ~ 1.75 £qch~ instead of 7.25 inches. T~s e~or was 

sufficient to cause the Malibu to fail to engage (and velocity of the Beetle to be reduced sfightly f~om 35.0 

thereby £~ to ~nd) the B-pillar. S~ Eigure 30. mph on the second reconst~ction to 34.5 rap5 nor the 
The r~ults of this second reconstruction obviously pro- third reconst~ction. The intended speed of the Mal~bu, 

v~ded little insight on how to improve the third and final of course, was reduced to one-haft that of the Beetle, 
r~nst~ction of this series, except to stress the ~mpor- 17.25 mph. 

t~qce of engaging the ~-pil]ar. To help ensure engage- Eigure 31 ~s similar to Figures 23 and 29 a~d shows 

merit, the intended offset for the third r~onstrucdon was the crash geometry and lists the intended ~d actu!l crash 

changed from 7.25 inch~ to the rear of the front axle ~o parameters for the third and final reconst~cfion o£ th~s 

2.75 ~nch~ to the re~ of the front axle. S~ond thoughts series. The actual offset was 4.25 inches £o~ard of the 
in te~s of en~nee~g jud~ent caused the ~tended front axle instead of 2.75 inches to the rear of th~s axle 

Figure 28. A view of damage to the bullet Malibu after the Figure 30. A view of the damage to the target Beetle after 
first Malibu/Beetle car-to-car accident recono the second Malibu/Beetle car-to-car accident rex 
struction, construction. 
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REVIEW OF THE NUMERICAL DATA 
PERTAINING TO THE THIRD AND 
FINAL MAMBUiBEETLE ACCIDENT 
RECONSTRUCTION* 

This section presents the numerical data of the third 

~ :~:~ and final Malibu/Beefle accident reconstruction. This is 

II "--~ }-t-..~~~ ~=~ -N:h ~:Et 

considered the bes~ reconstruction of the se~es of ~hree. 

~ -c~ ~- 
~~ 

An APR dummy was seated in ~he driver’s position 
the target Beetle. Two tap bel~ed Par~ 572 dummies were 

~ - in the bullet Malibu, one in ~he driver’s posifio~ and the 
~ other in the fron~ seat occupant’s position. Table 5 sum- 

~ ~’)~ mafizes the test co~ditio~ of the bullet Malib~ and the 
target Beetle. 

Figure 32 specifies the matrix of locafioas at which 
......... depth of dent measurements were made o~ the ~arge~ 

~.,~ " ~,,.,,’ ................ ~ ~ ,~. ,. ~,,." ;;                            ,,, ..... ;’:; Beette. Table 6 repots these measurements. Some of the 
measurements along the B-pillar were obtained by angti~g 

~" ~ .............. ..................... ~-~ ................... lightly pi!l , ,, ................. ~ .... ~ ...... .;~ ~,,~,~___ the ruler s . This was aecessary, because the B- ar 

~ ~ .................. ~ ............ was dis aced backward and bent into the s~ape of a 

~ ~ ..... ~ .................................. ~ ~.~, o. ~ ~. Table 6 repots the maximum depth of de~t to be 1 i.75 
.......... inches, while from Figure 2 from the accident repo~ the 

Figure 31. Crash configuration and impact parameters of maximum is given to be 12 laches. ConsideNng t~at the 

the tNrd and finn Malibu/Beetie car-to-car ac- damage to the Beetle was so severe that the door was 
cident reconstruction, tom off, one has to put at least a plus or minus 2 inch 

unce~ainty on the 12 inch value t?om t~e accident repoA. 
T~e door must have been temporarily p~t back i~to its 
approximate position in order to measure t~e dent. 

as intended. This e~or was perhaps beneficial because 
the crash damage, especially the bending of the B-pillar, *See Figure 32 for defiNtion of l~afions. 

was similar to that of the accident Beetle. T~e results of 
this third and find1 reconstruction are discussed in detail Table 5. Summa~ of the test condition of the Ma}~bu and 
in the next session. It is considered the most accurate of VW Beetle for the third and final MNibu/Beette 
the three, accident reconstruction. 

Before ending this section, however, some comments 
are appropriate about the diNculfies in reconstructing 

MNibu Beetle 

this pa~icular Malibu/Beefle accident. First the Beetle’s 
VeNcte manufac- General Volkswagen 

turer Motors 
speed of approximately 35 mph on the third reconstruc- 

Chevrolet VW/Beetie 
tion was such that a late arfivat of the Malibu of only Make/model MN~ba 
one millisecond would cause the actual offset to be an C~assic 
additional ~ inches N~her to t~e rear of the Beetle. Be- Model year 1972 1971 
cause of the Beetle’s small size, it has large st~ctural Vehicle identification 37H2L532958 1112916245 
changes over s~o~ distances, thereby enhancing the pos- Number 
sibility of large changes in impact damage caused by smatl Number of engine 
changes in onset, cylinders 8 4 

This pa~icutar accident was selected for reconstrue- Engine cylinder dis- 
rich, because the driver was 19 years of age and not too Nacement 350 ~na 1200 cc 

much smaller than that of a 50th percentile male. Also 4 speed/man- 
the Beetle’s smut1 interior reduced the possibility that the Transmission 3 speed/auto 

accident driver’s position could not be accurately as- Type of front seat sp}it bench bucket 
sumed. Neve~heless, it is clear from the problems on this Number front seat 
series of accident reconstructions that it is best when occupants 3 2 

possible to choose side impact accidents for which the Body SWle 2-door coupe 2-door ~dan 

target vehicle has a low velocity, perhaps not more than TotN test weight 
15 mph, In general, the smaller the target ve~icle, the with required 3870 lbs 2100 lbs 

lower its velocity should be. dummies 
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} 15.5" 

Impaciing Vehicle 

’~----19"~ ~ 19~16.9~ ~16.9~                      10.0" 

A-Pillar                       B-Pillar                   Cemerline 
of Rear ~ Ground 
Wheel 

Cenlerline of : Halfway 

Froa~ Door Between 

Figure 32. Matrix of points on the impact side of the Volkswagen Beetle at which depth of dent measurements were made. 

It is diffmult to compare the tocation of the maximum agreement when comparing damage from photographs as 
dent between the accident Beetle and the accident recori~ will be done in the next section. 
struction Beetle. Reference is made to Figure 2, which Measurements of the bullet Malibu indicated that the 
locates the maximum dent on the accident Beetle at stao impact reduced its overall length at the centerline by 3.25 
tion CZ As discussed earlier each subscripted C is located inches. The centerline of the accident Malibu lies ap- 
the same distance from its neighboring C, and this dis° proximately midway between stations C3 and C4. The 
tance is the totat length of the direct dent divided by five. mean of the dents for these two stations is 4.5 inches. In 
Figure 2 lists the length of the direct dent to be 96 inches. 
Thus the separation between each subscripted C is one 
fifth of 96 or 19.2 inches. Station (21 is the closest to the TaNe 6. Depth of dent measurements on the target Volks- 
rear of the Beetle and C2 is 19.2 inches forward of C1o wagen Beetle after the third and final Matibu/ 
Station C1 is located at the rearmost point of the direct Beetle reconstruction. 
dent, and this point is difficult to judge on the accident 
Beetle shown in Figure 25. It is located near the displaced Crush Crush 

B-pillar. The location of the maximum dent at station C2 Location* (inches) Location (inches) 

lies 19o2 inches forward of C1 and is almost certainly in AI 5.00 E1 4.50 
A2 4.40 E2 7.35 

the tom open area, but probably not too far from the 
A3 6.00 E3 9.65 

undisplaced B-pillar. The rnaximum dent that was meas- A4 4.15 E4 8.85 
ured in the reconstruction was at the B-pillar. A5 1.50 E5 2.25 

The accident report gives the location of the maximum B1 3.25 E6 0.40 

dent to be 34 inches above the ground. The maximum of B2 11.75 H1 2.00 
B3 11.50 H2 1.20 

11.75" for the reconstruction Beetle occurs at location B4 10.50 H3 0.25 
B2 (see Table 6) which by Figure 32 is onty 20 inches B5 6.25 H4 1.00 
above the ground. ~Unus, there is a discrepancy of t4 B6 1.85 H5 1.25 
inches. However, B3 is located 24 inches above the ground Cl 0.75 H6 1.20 

with a depth of dent of 11.5 inches, almost that of the C2 1.00 
C3 N/A 

maximum of 11.75 inches. Thus, the maximum does not 04 3.50 
appear to be a well-defined point. C5 2.00 

Although there are uncertainties in comparing the max- 06 N/A 
imum dent and its location, there appears to be better "See Figure 32 for definition of locations. 
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summary the change in length of the reconstruction Mal- The damage to the door of the accident Beetle is hidden 

ibu is 3.25 inches while that of the accident Malibu is 4.5 from view in Figure 25, because the door is off its hinges 

inches; this is a good comparison, and lying face down against the ground. A review of the 
accident report indicates that the door was torn offduring 

COMPARISON OF THE PHOTOGRAPHED 
impact and not pried off to extricate the victim. Figures 

VEHICLE DAMAGE OF THE THIRD AND 
33 and 34 are photographs of damage to the accident 

FINAL MAUBUiBEETLE ACCIDENT 
reconstruction Beetle. The two photographs show severe 

RECONSTRUCTION COMPARED TO THAT 
damage in the hinge area, but the door still remains 

OF THE ACCIDENT 
tachedo The door not being torn off during the accident 
reconstruction is, of course, a significant difference in 

Figures 33 and 34 are photographs which document results. Photographs of damage to the accident recono 

damage to the target Beetle after the third and final Mal- struction Beetle show almost no damage to the sill. The 

ibu/Beette accident reconstruction. These photographs door’s position in Figure 25 of the accident Beetle hides 

should be compared with the photograph in Figure 25 most of the sill from view. But the slight part that is 

which shows damage to the Beetle of the actual accident, exposed appears to be undamaged. Both Beettes have 

.......... Similarly Figure 35 is a photograph of damage to the similar damage in the area of the B-pillar. However, beo 

bullet Malibu. ~is photograph should be compared with cause of the separation of the rear side panel from the 

the photograph of Figure 26 which shows damage to the rear fender in Figure 33, the damage appears to be more 

Malibu of the actual accident. A comparison is now made severe in the reconstruction. All the damage in the re- 

between damage to the vehicles in the accident recon- construction initiates at the left headlamp, whereas in the 

struction and the vehicles in the accident based on the accident damage begins several inches to the rear of the 
........... above photographs. The damage to the Beetle will be lamp. The angle the B-pillar makes in the reconstruction 

reviewed first, is comparable to that of the accident. Both vehicles have 

Figure 33. A view of the damage to the target Beetle after the third and final Maiibu/Beetle car-toocar accident reconstructionl 
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Figure 34. Another view of the damage to the target Beetle after the third and final Malibu/Beette car-to-car accident 
reconstruction. 

a similar wrinkle of induced damage to the roof just above terms of the damage to the two impacting vehicles. In 

the B@llar. It is clear by the point near the front where each of the two crash reconstructions, that of the Pontiac/ 
inde~tation begins tlaat the initial strike point was forward 1%yota and that of the Malibu/Volkswagen Beetle, the 

in the reconstruction from that of the accident. This dif- results of each reconstruction series did not contradict 
f?rence m strike point could explain differences in dam° the assumption, derived partly by SMAC computer 
age. In a sma!l car sucJa as the Beette, significant structural constructions, that the angle between the accident vehio 

changes occur over short distances, cles’ centerlines was 90°. The velocity ratios for each series 

Reference is made m Figures 35 and 36 which show were also adequate for the test series. In each series the 
damage to the Malibu in the reconstruction. It is difficult problem was to decide, based on crash damage of -the 
to judge damage to the bumper of the accident, shown preliminary tests, the following: 

in Figure 26, but the right par~ of the bumper appears 
1. The correct speed of the target vehicle (with the 

damaged as in the reconstruction. Clearly the accident 
corresponding vetocity of the bullet vehicle being a 

Malfbu had more wrinkling of the right front f~nder tlaan 
fixed ratio to that of the target vehicle). 

the reconstruction Malibu. 
2. The correct point on the target vehicle for initial 

Although there are differences in damage between the 
impact (i.e., the correct offset as defined near the 

accident and the reconstruction, there nevertheless apo 
bottom of Figure 5)° 

pears to be good general comparison of the damage 
verity It was not difficult to judge from damage whether the 

velocity of the bullet vehicle was too great or too small. 
However, it was difficult to decide the exact amount by 

REVIEW OF THE CAR-TO-CAR CRASH which the velocity should be changed. For the most part 

PROCEDURES USED TO OBTAIN the change was based on engineering judgment. Fortu- 

MORE ACCURATE ACCIDENT nately the velocity of the faster vehicle could be controlled 

RECONSTRUCTIONS to within plus or minus one and one-half miles per hour. 
For the Pontiac!Celica crash, the first reconstruction 

As stated at the beginning of this report, the accuracy was not sufficiently severe. The strategy used was to have 
of the accident reconstruction was judged primarily in the second reconstruction too severe and then be m a 
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Figure 35. A view of the damage to the bullet Ma!ibu after the third and finn Ma{ibu/Beefle accident reconstruction. 

position for the third and final reconstruction to inter- 
polate to a more appropriate crash severity. This seemed 
to be a wise procedure. 

The most difficult of the two series to reconstruct was 
that of the Malibu/Votkswagen Beetle. The Beetle’s ve- 
locity for the three tests of the series ranged from 33.0 
mph to 40.7 mph. The velocity of the bullet Malibu was 
approximately one-half these velocities. A Beetle’s veloc- 
ity of 40.7 mph is equivalent to 0.7 inches per millisecond. 
An early or late arrival of the bullet Malibu of only one 
millisecond would cause a change in the initial impact 
point by 0.7 inches. The absolute differences in actual 
impact point to that intended were 3.2 inches, 4.5 inches 
and 7.0 inches. Although a correction was made to reduce 
the error due to the dynamic stretch of the cable which 
connected the two cars, there were still remaining errors. Figure 36~ Another view of the damage to the but~et Ma~ibu 
These remaining errors account for the above variation after the third and final Malibu/Beefle carotoocar 

of the strike point on the target vehicleo accident reconstruction~ 
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~e corresponding absolute variation in strike point on talinas and 1969 Volkswagen Beetles, and it is concluded 

the Toyota whose velocity ranged from 7.9 mph to 10.5 that accident reconstructions in the future be limited to 

mph was 3.5° 8.75 and 4.0 inches. Actually the variation cars no more than eight years old. Before a selection of 

for the Beetle was less than for the slower moving Toyota. an accident is made, it is wise to determine how many 

The Toyota variations are also attributed to errors in the of the cars involved in the accident were manufactured. 

dynamic stretch of the cane connecting the two vehicles. The older cars can only be located at junk yards, and 

There clearly are significant errors in attaining the in- after they have been obtained by a junk yard, they are 

tended strike point at lower speeds. At the Minicars test turned almost immediately into scrap metal after being 

facility it is necessary to give the target vehicle, which is stripped. 

attached to the power cable, a constant acceleration up 
to the intended velocity if slack in the connecting cabte 
is ~o be prevented. Maintaining a constant acceleration ACKNOWLEDGEMENT 
up to a lower speed can be more difficult than for a higher 

The authors wish to thank Mr. Gene Terry of Minicars, 
Inc., who had the responsibility for all the instrumentation 

CONCLUSIONS                                   required for this test program. 

It is concluded that the two accident reconstructions REFERENCES 
serformed are excellent in terms of reproducing the dam- 
age sustained by the original vehicles of the accidents. 

Of the two reconstructions, that ot’ the Pontiac!Celica 1. Partyka, Susan, "NCSS--The Analyst’s Companion: 

was the more accurate. This is attributed to the target A Description of the National Crash Severity Study 

Cetica’s low vetocity of l0 mph. In contrast, in the other Statistical Data File", Department of Transportation 
reconstruction the target Volkswagen Beetle’s velocity on Report DOT-HS-805-871, May, 1981. 

the third and final reconstruction was 33 mph. In addi- 2. Fayon, A., et al., "Presentation of a Frontal Impact 

rich, the Celica is larger than the Beetle and thus, does and Side Impact Dummy Defined from Human Data 

not have large structural changes over short distances, and Realized from a ’Part 572’ Basis," Seventh 

This lessens the Celica’s change in damage severity as a ternational Technical Conference on Experimental 

function of slight changes in initial strike point. Attaining Safety Vehicles, June, 1979. 

the correct strike point ~s crucial for an accurate accident 3. Stalnaker, R. L., et al., "Modification of Part 572 
reconstruction. The Beetle’s smatter size and its higher Dummy for Lateral Impact According to Biomeo 

velocity combined to make it more difficult of the two chanical Data," TwentyoThird Stapp Car Crash Con- 

recor~structions to conduct, ference, October, 1979. 

Although a smaller car with bucket seats has the aso 4. Fayon, A., et al., "Deve!opment and Performance of 

vantage of minimizing the uncertainty in the position of the APR Dummy (APROD), "Eighth International 

the occupant, especially that of the driver, a clear dis- Conference on Experimental Safety Vehicles, Octo- 

advantage is large structural changes over short distances her, 1980. 

of the vehicle. Based on the limited testing in this report, 5. Part 572 Anthropomorphic Test Dummy 

it is concluded that stoat1 target vehicles stiltbe considered !~ant Crash Protection), pp. 20449-20456, ~’ederal 

for any future side impact accident reconstructions, but Register, Vol. 38, No. 1477, August 1, 1973. 

that the velocity of the target vehicles be tess than t5 6. Melvin, J. W., et a/., ~"Experimental Application of 
mph. In general the smaller the target vehicle, the lower Advanced Thoracic Instrumentation Techniques to 

should be its velocity. Anthropomorphic Test Devices," Seventh Internao 

Each ac~cident reconstruction allowed three crash tests tional Technical Conference on Experimental Safety 

to obtain by trial and error good accident reconstructions Vehicles, June, 1979. 
by the third reconstruction, tt is concluded that a series 7. Fleck, J. T., et al., "An Improved Three Dimensional 

of at least three crash tests be used in any similar future Computer Simulation of Vehicle Crash Victims: Vol 

side impact crash reconstructions. 1--Engineering Manual," U.S. Department of Trans- 

It would be wise for a side impact accident reconstruc~ portation Report No. DOT-HSoS01-507 (PB No. 241- 

tion program to be conducted with about six pairs of 692), April, 1975. 

vehicles used for six trial and error reconstructions. This 8. Neck, J. T., et al., "An Improved Three Dimensional 

many reconstructions would advance the state-of-the-art Computer Simulation of Vehicle Crash Victims: Vol 

by permitting a more in-depth study of the factors which 2--Model Validation," U.S. Department of Trans- 

effect vehicle damage in side impact crashes, portation Report No. DOT-HS-801-508 (PB No. 241- 

It was extremely dif~cult to obtain !965 Pontiac Cao 693), April, 1975. 
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9. Fleck, J. T., etaL, "An Improved ThreeDimensiona! Transportation Report No. DOT-HS-801-510 (PB 
Computer Simulation of Vehicle Crash Victims: Vol No. 24!-695), April, 1975. 

3wUser Manual," U.S. Department of Transportao 11. "The Abbreviated Injury Scale--l%0 Revision", 
tion Report No. DOT-HSoS01-509 (PB No. 241-694), published by the American Association for Auto- 
April, t975. motive Medicine, Morton Grove, Illinois 60053. 

10. Fleck, J. T., et al, ’*An Improved Three Dimensional 12. McHenry, R. R., "Development of a Computer Pro- 
Computer Simulation of Vehicle Crash Victims: Vol gram to Aid the Investigation of Highway Acci- 

4--Programmer’s Manual," U.S. Department of dents", NTIS No. PB 208-537, December, !971. 

The Effectiveness and Performance of Current Door Beams in Side 
~mpact Highway Accidents in the United States, 

CHARLES JESSE KAHANE, Ph.D. t973. The door beams were installed in all passenger cars, 

NationN Highway Traffic Safety accompanied, in some models, by minor local reinforce° 

.Administration merits of the pillars. Beams were installed in some cars 
as early as model year 1959, in others as late as January 
1973. 

ABSTRACT It is United States Government policy, as outlined in 
Executive Order 12291, for Federal agencies to review 

Federal Motor Vehicle Safety Standard 214 sets static the benefits, costs and irnpacts of major existing regulao 
strength requirements for the doors of passenger cars sold tions, based on the actual performance of production 
in the United States since January 1, t973. The require- vehicles. A comprehensive evaluation of Standard 214 
merits have led to the installation of !ongitudinal rein- was completed in t982 (1)o This paper summarizes the 
forcement beams inside the doors, evaluation’s findings on the effectiveness of Standard 214 

Standard 214 has reduced the fatality risk in side im- and its analyses of how beams perform in crashes. It 
pacts with fixed objects by approximately 23 percent and discusses the implications of the evaluation results for 
has reduced hospitalizations by 25 percent. In collisions current side impact research. 
with fixed objects, the standard has reduced both ejection 
and nonejection casualties. The beam enables the car to 
take a more glancing trajectory, resulting in a wider, THE S~DE ~MPACT SAFETY PROBLEM 
shallower damage pattern and a generally less severe col- 
lision. 

A large corpus of accident analysis and crash testing, 
In angle collisions with motor vehicles, Standard 214 

much of it presented at earlier ESV conf?rences, has ideno 
has reduced hospitalizations by about 8 percent and has tiffed the principal injury mechanisms in side impacts: 
had little or no effect on fatalities. The standard has been Nearside occupants’ torso injuries due to contact 
effective in reducing door intrusion when the impact is the car’s intruding side structure when it is struck in the 
centered on the compartment; in such impacts, the near- compartment area by another motor vehicle. 2. Other 
side occupant’s risk of torso and leg injury is significantly 

side structure contact torso injuries (farside occupants, 
reduced. The standard appears to have little effect on impacts not centered on the compartment, fixed object 
other types of injuries in multivehicle crashes, nor does collisions) where intrusion is less likety to be a major 
it enable a car to take a more gtancing trajectory in these 

contributing factor. 3. Head injuries due to side strncture 
crashes, 

contact. 4. Ejection. 5. Contact with frontal components 
(dashboard, steering wheel, etc.). 

INTRODUCTION tt is of critical importance to know, in quantitative 
terms, the relative frequency of the injury mechanisms in 

During the 1960’s, the American motor vehicle man- highway accidents. Mehta, Pearson and Wilson presented 
ufacturers conducted side-impact research and crash-test- the distribution of fatal and lifeothreatening injury mecl~o 
ing. They developed a longitudinal beam, installed inside anisms in General Motors accident data at the 8tI~ ESV 
the door, for protection in side impacts. The National conference (2). Here are the distributions of fatalities 
Highway Traffic Safety Administration promulgated Fed- (based on the Fatal Accident Reporting System, FARS) 
era1 Motor Vehicle Safety Standard 214, which specifies and hospitalizations (based on the National Crash 
minimum static strength requirements for the doors of verity Study, NCSS) that would be occurring in side imo 
passenger cars sotd in the United States after January 1, pacts if Standard 2t4 had not been promulgated: 
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Percent of fatalities 
and hospitalizations Percent of fatalities 

Vehic~e.toovehic~e, nearside occupant, 
compaAmentocentered damage 27 } 

Vehic~eotoovehicle, nearside occupant, not 

I 

40 

15 

Vehicleoto-vehic~e, farside occupant 

Vehicteotooobiect, nearside occupant, 31 18 

compar~mentocentered damage 10 } 

Vehicle-to-object, nearside occupant, not 

t 

25 

4 

Vehic~eoto-object, farside occupant 13 17 

Throughout this report, a %ompartment-centered" ins° a result of Standard 214, based on statistical analysis of 

pact is defined to be a car in which the midpoint of the highway accident data. An important guideline for the 

damaged area is no more than 45 inches to the front or analysis was to isolate the effect of Standard 214 from 

15 inches to the rear of the midpoint of the car; this the effects of other safety standards that are beneficial in 

restrictive definition is used to exclude collisions which side impacts and from the effects of other changes in side 

only ~ripherally damage the passenger compartment and structure design (especially the shift from genuine hard- 

in which side structure intrusion is relatively unimportant, tops to pillared hardtops, which took ptace in the mid- 

The distribution of individual injuries resulting in fao 1970’s in the United States). Typically, these other safety 

tality or hospitalization was the following: standards and side structure changes took place 3 or more 
model years before beams were installed, or 3 or more 
years afterwards. 

Percent of Therefore, where possible, the accident analyses were 
serious 
injuries limited to cars of the last model year without beams and 

the first year with beams or, at most, cars of the last 2 
Torso, arm or Jeg injuries due to con- 

tacting side structure~-nearside years without them and first 2 years with them. In the 

occupants,    vehic~eoto~vehic~e 17 anatyses that invotved a wider range of model years, varo 
crashes centered on compart~ ious statistical techniques were used to identify and reo 
ment move the effect of factors, other than Standard 214, that 

Torso, arm or leg injuries due to con- affected side impact injury risk. 
tacting side structur~ther per~ 18 A second guideline for the anatysis was to consider 
sons singleovehicle and multivehicle side impacts separately. 

Head iniudes due to contacting side 14 because Standard 214 could "be expected to affect side 
structure 

structure performance quite differently in impacts by 
E~edor objects (mostly ejection) 8 jects or vehicles. Furthermore, in the multivehicle crashes, 
Fronta~ interior components (dash- 80 special attention is devoted to nearside occupants in corn- 

board, etc.) 
partmentocentered impacts, since they are the type of 

Other (especially nomcontact inju- 13 person most vulnerable to contact with intruding strut- 
ties) 

tares. 

The iNury mechaNsm which has been most widely 
researched~torso iNup2 due to contact with intruding FatNity Reduction 
side structures~may be the largest single cause of serious The Fatal Accident Reporting System (FARS), a cen- 
nonfatal i~uries but, as shown above, it only accounts sus of traffic deaths in the United States since t975, offers 
for a fraction of all side impact casualties. Moreover, a unique opportunity to assess the fatality reduction of a 
Mehta’s accident analysis suggests that tlnis injury reecho standard independently of the serious injury reduction. 
anism is superseded by head injuries due to side structure The effectiveness of Standard 214 was estimated by como 
contacts and by ejection as a cause of Ntal lesionso paring side impact fatalities in cars of the last model year 

without beams and the first year with them to a control 
group of frontal impact fatalities in these cars. These 

EFFECTIVENESS OF STANDARD 214 estimates were checked by comparisons involving cars of 
the last 2 years without beams and the first 2 years with 

The primary evaluation objective was to determine the thera; also by regressions of side impact fatality risk by 
number of lives saved and hospitalizations prevented as vehicte age and Standard 214 complianceo 
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Standard 2!4 reduced the risk of death in a single- crashes. Hypotheses 1-3 have been mention~ elsewhere 

vehicle side impact by a statistically significant 14 percent in the literature: 

(confidence bounds: 7 to 21 percent). This amounts to 
500 lives saved per year in the United States. The effec- 1. Crush resistance: beams slow down the rate of door 

tiveness was almost equally large for nearside and farside intrusion, at least to some extent, because they ino 

occupants. Moreover, in the preceding estimate, the def- crease the door’s crush resistance. The post-Stand- 

inition of "single-vehicle side impact" included grade ard 214 door dissipates more energy in a shorter 

crossing accidents, rollovers with primarily side damage distance, causes the f~ontal structure of the striking 

and complex off-road excursions. When the definition was vehicle to absorb a targer portion of the energy, 

........... restricted to side impacts with fixed objects, the effec- allows a more rapid momentum transfer from the 

.......... tiveness rose to 23 percent, striking to the struck car and/or more effectively 

Standard 214 had no observed effect on fatalities in transmits loads to the vehicle’s pillars (5, 6). 

vehicle-to-vehicle side impacts (confidence bounds: --9 2. Deflection: in an obtique side impact, the beam acts 

to + 7 percent), like a highway guard rai! to help the vehicle partially 
deflect the striking vehicle or object, resulting in a 
more glancing collision trajectory, spreading out the 

Serious injury Reduction damage and reducing the depth, helping maintain 

The National Crash Severity Study (NCSS) is a large, the integrity of the door structure and possibty reo 

statistically representative sample of towaway accidents ducing overall collision severity (6, 7, 8, 9)° 

involving passenger cars (3, 4). It contains nearly 1600 3. Sill override protection: the beam hotds the striking 

cases of passenger car occupants who were killed or hoso vehicle down, forcing it to engage with the struck 

.......... pitalized in side impacts; over 500 of them were in cars car’s sit1, rather than override it (5). 

of the last 2 model years without beams or the first 2 4. Greenhouse protection: the beam provides a strong 

years with beams. The large sample made it possible to horizontal component in the side structure above 

apply statistical modeling techniques in a meaningful way the sill. It prevents a car [2o~n partially "tipping 

and/or restrict the analysis to cars of the last 2 years over" into a fixed object and keeps the object away 

without beams or first 2 years with them. from the car’s greenhouse area. 

In singleovehicle side impacts, the best estimate of 5. Door integrity protection: the beam helps the door 

Standard 214 effectiveness appeared to be a 25 percent maintain its basic shape during a crash, preventing 

reduction of fatalities and hospitalizations (confidence it from being deformed to the point where hinges 

bounds: 11 to 35 percent). In the NCSS analysis, the or latches fail As a result, fewer occupants are 

single-vehicle side impacts were explicitly defined to ejected through the door area. 

exclude rollovers and consisted overwhelmingly of fixed- 
..... object collisions. The "best" estimate of effectiveness Side Impacts with Fixed Obiects 

represents a synthesis of various statistical procedures 
(multivariate analyses, estimates for restricted model year The overwhelming majority of side impacts with fixed 

ranges, comparisons with a frontal control group), alt of objects involve large trees, potes or other rind, massive, 

which yielded positive estimates of Standard 214 effec- immovable objects that extend from the ground to a point 

tiveness, above the car’s roof. Hypothesis 3 (sill override proteco 

In vehicleotoovehicle side impacts, the best estimate of tion) does not apptyo Hypothesis t (crush resistance) 

Standard 214 effectiveness was 8 percent (confidence would appear to be of limited i~nportance, since momen~ 

bounds: --3 to + 17 percent). For the subset of nearside turn transfer is not involved, the fixed object carmot be 

occupants in impacts centered on the compartment, the induced to ~bsorb a significant portion of the energy and 

effectiveness was 25 percent (confidence bounds: 6 to 38 the car’s sit1 and roof rails are immediately engaged and 

percent). For all other persons in vehicle-to-vehicle side absorb most of the energy, not the doors~ Thns, the sigo 

impacts (farside occupants; crashes not centered on the nificant reductions of fatalities and serious injuries could 

compartment), there was little or no injury reduction, only be attributable to hypotheses 2, 4 or 5o 
Hypothesis 2 (deflection) is strongly confi~ed by the 

damage patterns in single vehicle crash~ on NCSS. Sta~qdo 

WHY IS STANDARD 214 EFFECTIVE? ard 214 decreased the depth of crash by an average of 
20 percent while increasing the width of the damaged 

The following 5 hypotheses on why Standard 214 may area by an average of 20 percent° In other words, Standard 

be effective are stated not as facts but as conjectures. They 214 resutted in significantly shallower and wider damage 

are tested by examining the effect of Standard 214 on patterns--evidence of a more glancing collision trajectory. 

vehicle damage patterns and on specific types of injuries Atso, the percentage of cars in which damage was centered 

in NCSS and, where possible, by a review of staged on the compartment decreased signific~tly (from 50 per~ 
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cent to 38 percent) as a consequence of Standard 214: car was struck in the side by another vehicle and the 

beams help to spread the damage from the compartment damage was centered in the compartment area. It had 
area to less vulnerable parts of the car. Finally, as a little or no effect on crush when the damage only pe- 
consequence of Standard 2!4, the Principal Direction of ripherally included the compartment area. The crush re- 

Force reported by NCSS investigators was, on the aver- duction observed in the highway accidents on NCSS was 

age, 9 degrees more cCblique--ioe., the effect of beams on about the same as what had been found by Chrysler and 

the damage pattern made it took as if the collision had Kitamura et al. in staged crashes (10, 11). 
been more oblique. The damage data from NCSS suggest that hypothesis 

The result of this effect on damage patterns is to reduce 2 (deflection) was not a major factor in the vehicle-to- 

not only intrusion but also the overall severity of the vehicle crashes. Unlike the fixed object co!lisions, the 

co!lision--e.g., the force levels and, possibly, the velocity reduction in crash depth was not accompanied by an 
change. As a result, the injur7 reduction need not be increase in the width of the damaged area. The percentage 
limited to nearside occupants" torso injuries. Indeed, on of cars with damage centered in the compartment area 
NCSS, nearside occupants’ torso injuries due to side struc- did not change as a consequence of Standard 2 !4,-i,e,.~ 
ture contact were reduced by 50 percent in post-Standard the damage was not spread out to other areas. The Prin- 
214 cars but farside occupants’ torso injuries also de- cipal Direction of Force reported by NCSS investigators 
creased by 23 percent. Head injuries due to side structure was, on the average, about the same for pre- and post- 
contact decreased by 25 percent and serious injuries due standard cars. 
to contact with frontal components, by 27 percent. Thus, the significant reduction of intrusion is mainty 

Hypothesis 4 (greenhouse protection) is only weakly attributable to hypothesis 1 (crush resistance) or 3 (sill 
supported by the NCSS data. There was a nonsignificant override protection). On NCSS, the incidence of sill 
13 percent decrease in the incidence of greenhouse damage override decreased by about 20 percent as a consequence 
in Star~dard 214 cars; moreover, the reduction might be of Standard 214-~confirming the evidence for hypothesis 
a consequence of hypothesis 2 (spreading damage away 3 that had been obtained by General Motors from staged 
from the cor.r~partment area) rather than hypothesis 4. crashes (5). Nevertheless, the overall incidence of sill 
The significant reduction of head injuries for Standard override in pre-standard cars was relatively low on NCSS 
214, however, could be evidence in favor of hypothesis and, given a 20 percent reduction, only one-eighth of 
4~ Standard 214’s intrusion reduction can be attributed to 

On both NCSS and FARS there were large, statistically sill override protection. The remainder must be attributed 
significant reductions of occupant ejection in fixed object to hypothesis 1--crush resistance. 
collisions as an immediate consequence of Standard 214. Since Standard 214 significantly reduced intrusion in 
Hypothesis 5 (door integrity protection) cannot be denied, vehicle-to-vehicle crashes without otherwise affecting the 
Cm NCSS, the incidence of occupant ejection through the overall damage pattern or collision severity, it might be 
door area dropped by 40-60 percent as a consequence of expected to mitigate primarily those injuries associated 
Standard 214 (white ejection through other portals was with door intrusion. This is precisely what happened on 
unaffected); the frequency of doors opening in crashes NCSS. Nearside occupants’ torso injuries due to contact 
declined by 2C~4~9 percent and the incidence of latch or with the side structure declined by 33 percent in crashes 
hinge damage, by 10-20 percent. On FARS, fatal ejections where damage was centered on the compartmentmac- 
in fixed object crashes decreased by 24 percent because counting for almost the entire serious injury reduction 
of Standard 214 (while nonejection fatalities decreased by for Standard 214 in vehicle-to-vehicle crashes. The stand- 
22 percent). The reduction of ejection was the primary ard had little or no effect on head injuries, on farside 
benefit ~br Standard 214 for farside occupants and a major occupant’s injuries, in crashes not centered on the com- 
benefit fbr nearside occupants, partment, or on injuries involving contact with frontal 

For these reasons--significantly more favorable dam° components. 

ag~ patterns, door integrity protection and, possibly, The NCSS data do not support a firm conclusion on 

greenhouse protection~ Standard 214 has been effective the effect of Standard 2!4 on ejection in vehicle-to-vehicle 

in side impacts with fixed objects. Moreover, the benefits crashes. Ejection through the door area dropped by 

are not limited to nearside occupants’ torso injuries due 10-50 percent and the frequency of doors opening in 

to contacting the door but include a reduction of ejections, crashes declined by 20-40 percent--the lower reductions 
head injuries and farside occupants’ injuries. Fatalities as are based on cars of the first 2 years with beams vs. the 
well as nonfatal serious injuries are prevented, last 2 years without them and they are not statistically 

significant. More importantly, ejection is a much less 

Side Impacts by Another Vehicle predominant injury source in multivehicle crashes (5 per- 
cent of serious casualties) than in fixed-object collisions 

Standard 2 t4 significamly reduced the depth of crush (15 percent of serious injuries and 24 percent of ~atalities). 
in the NCSS cases, by an average of 20 percent, when a Thus, while Standard 214 appears likely to have reduced 
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ejections in vehicle-to-vehicle crashes, the effect accounts the highway with relatively simple modifications of ex- 

for only a small proportion of the overall benefits in these isting beams. For example, Hollowe11 and Pavlick 

crashes, ported at the 8th ESV Conference tlaat considerable 

In short, the benefits of Standard 214 in vehicle-to- reductions of override and intrusion were obtained in 
........ vehicle crashes are mainly limited to a reduction of near- crash tests by providing a load path from the beam to 

side occupants’ torso injuries due to contact with intrud- the sill (12). 

ing side structures. The reduction is mainly explained by The current door beams did not appear to significantly 

the increased crush resistance provided by the beams, promote deflection of the striking vehicle in highway ac- 

There has been a significant reduction of nonfatal serious cidents--the effect that was prominently displayed in 

........ i~uries. But since torso injuries are relatively less pre- fixed-object crashes and also, to some extent, in General 

.............. dominant among fatalities (and head injuries much more Motors’ and Renault’s staged crashes involving two ve- 

predominant) and since the increase in crush resistance hicles (5, 7). The potential benefits of a deflecting action 

due to beams is probably of little consequence on energy were not realized in vehicle-towehicle crashes. Could the 

dissipation in an extremely severe crash, the effect of beams be modified so as to deflect the striking vehicle in 

Standards 214 on fatalities in vehicle4o-vehicle crashes a highway accident? 
..... is negligible. Regarding side impacts with fixed objects, the principal 

.......... conclusion is that the existing Standard 214 has signifio 
cantly reduced fatalities and serious nonfatal injm~es. It 

CONCLUS!ONS--AND IMPLICATIONS FOR has accomplished these benefits because beams have pro- 

CURRENT RESEARCH moted a more glancing, less severe collision and because 
the likelihood of ejection through the door area has been 

........ The results on vehicte-towehicle crashes support a reduced. The ejection reduction may be an unforeseen 

......... number of conclusions that are relevant to current side consequence of the effect on damage patterns. 

impact research. The principal conclusion is that existing The benefits are not limited to a reduction of nearside 

production door beams have significantly reduced the occupants’ torso injuries. Many other categories of injury, 

type of serious injury that they were intended to reduce including head injury and ejection were mitigated. The 

(nearside occupants’ torso injuries due to side structure annual savings of 500 lives make the current Standard 

............ contact). The beams have performed as intended--re- 214 one of the most effective existing safety regulations 

.......... ducing the depth of intrusion when the car is directly in the United States. These benefits, and the mechanisms 

impacted in the compartment by another vehicle, pri- that led to them, should not be overlooked in the devel~ 

marily as a consequence of increased crush resistance, opment of more sophisticated side impact protection° 

This is evidence that the structural approach to side im- 
pact protection will work in highway accidents involving REFERENCES 
human subjects. What is more remarkable is that existing 

...... production beams--which represent a far lower level of 1. C. J. Kahane, "An Evaluation of Side Structure Im- 

structural improvement than what has been furnished in provements in Response to Federal Motor Vehicle 

experimental side structures--have nevertheless elimi- Safety Standard 214." National Technical Informao 

nated 33 percent of these injuries in highway accidents, tion Service, 1982. 

Despite the fact that existing beams have eliminated 2. R. Mehta, J. L. Pearson and R. A. Wilson, °°Side 
33 percent of the injuries they were designed to mitigate, Impact Insights from General Motors Field Accident 

they have only reduced the overa!l injury risk in vehicle- Data Base." 8th ESV Conference, 1980. 
to-vehicle side impacts by 8 percent and have had little 3. C. J. Kahane, R. A. Smith and K. J. Tharp, ~The 

or no effect on fatalities. The key point here is that the National Crash Severity Study?’ 6th ESV Conference, 

majority of serious casualties in highway accidents cannot 1976. 
be directty attributed to contact with intruding door struc- 4. J. Hedlund, °"The Nationat Crash Severity Study and 

tures--especially the large number of rata! head injuries, its Relationship to ESV Design Criteria°" 7th ESV 

That point was clearly stated at the 8th ESV Conference Conference, !978. 
by Mehta, Pearson and Wilson (2) and it is confirmed by 5. C. E. Hedeen and D. Do Campbe!1, ~Side Impact 

the NCSS and FARS data. It sets limits on the benefits Structures." Society of Automotive Engineers Paper 

that can be obtained by structura! strengthening unless No. 69003, 1969. 
accompanied by other improvements. 6. Federal Register, ¥ol. 35, Apri! 23, 1970, p. 6513. 

The current Standard 214 appears to have been par, 7. A. Burgett, Letter No, !5 to NHTSA Docket 2°6° 

tially effective in mitigating sill override in highway ac- GR, August 22, 1975. 

cidents even though it has only been designed for that 8. M. Rodger, "Occupant Protection in Side Impacts." 
purpose to, at most, a limited extent. Perhaps a substantial Toward Safer Road Vehicles, Transport and Road 

additional reduction of si!l override could be achieved on Research Laboratory, 1972. 
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9. J. E. Greene, "Occupant Survivability in Lateral Col- Experimental Study of Lateral Impact Protection." 

tisions," Vol. 1. National Technical Information Serv~ 8th ESV Conference, 1980. 

ice, 1976. 12. W. T. Hollowell and M. Pavlick, "Status of the De- 
10. S. L. Terry, Letter No. 13 to NHTSA Docket 2-5- ve!opment of Improved Vehicle Side Structures for 

NO2, Juty 14, 1970. the Upgrade of FMVSS 214." 8th ESV Conference, 

11. O. Kitamura, K. Watanabe and K. Matsushita, "An 1980. 

A Mathematical Analysis of Side impact Using the CAL3D Simulation 
Node  

ARV ND Jo PADGAONKAR and door inner panel intrusion into the passenger compart- 

PRIYARANJAN PRASAD ment at the driver chest location. 
Ford Motor Company The crash test resulted in approximately 488 mm of 

door inner panel intrusion at the chest level. The peak 
velocity of the door panel was estimated to be approxi- 
mately 38 kph. The peak acceleration of the dummy tho- 
racic spine was 106 G’s at T12 and 82 G’s at 3"1. The 

An earlier work of the authors (t) showed the feasibility peak resultant head acceleration was 52 G’s. It was 
of using the CAL3D occupant simulation model (2) as a served that at the time of the dummy spine and chest 
combined structural and occupant model (simulating peak acceleration the loads developed in the lap belt and 
dummy) for investigating the various factors affecting the torso belt were negligible. (Figure t). High speed 
dummy response in car-to-car side impact. That study movies showed that rotations of the cars were negligible 
was done using hypothetical stiffness values for the striko during the crush phase of the impact. From the movies 
ing and the struck cars and for the dummy occupant’s it coutd be seen that the driver side window shattered 
chest and pelviso Further, the ability of the model to early in the crash sequence; as a result the driver’s head 
simulate car-to-car crashes with the relative structural did not make contact with the glass plane. 
stiffness of real cars was not evaluated. Also, dummy 
parameters used in the study were based on engineering 
judgment. Better dummy parameters based on cadaver M©DEL FOR SIMULATION 

tests are now available in the literature. Several caroto- 
car crasl~ tests with experimental side impact dummies Based on the observations from the crash test it was 

meeting the cadaver data have now been conducted. This believed that the simple collinear model used in the earlier 

study reports on an effort to simulate the results of one study for the striking and the struck cars would be ad- 

of these car-toocar crash tests at 48 kph with an improved equate. The restraint system and the windows did not 

setup of the CAL3D mode1 reported in Reference t. The need to be modelled. The resulting model is shown in 

results of various perturbation studies with the model are Figure 2 and is described in Reference 1. Since the window 

also reported, has not been simulated, two finite planes are attached to 

It should be emphasized that all the data defining the 
occupant referenced in the text and figures in this paper 
describe the Side Impact Dummy developed at HSRI (3). R~ CA~E ~CCEkERAT~ON RESPONSE 

AND BELT RESPONSE FROM CRASH TEST 

CRASH TEST FOR SIMULATION 

The car4o-car crash test used for simulation was that ,cc~,~,,~,o,, / 
of a 1550 kg car moving at 48 kph, impacting a stationary / 
t450 kg car on the driver’s side. The longitudinal axis of ./ 
the striking car was at 50 degrees from the longitudinal 
axis of the struck car. The point of impact was arranged ~o~... 
so as to just miss the A-pillar of the struck car. An early 
version of the HSRI side impact dummy was seated next ~o ~o ~ ~o~ ,~ ~o 

to the door being impacted. Both the cars were instru 
mented with acc~lerometers at various locations and the 
struck car door was fitted with in intrusion rod to measure Figure 1. 
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MODEL CONFiGURATiON IN SIDE ViEW STRUCTURAL STIFFNESS USED iN THE NODEL 

........... L HEAD ~ 5. IMPACTING VEHICLE 

2 NECK--occUPANT ~;. BUMPER 

3" TORSOr T. DOOR 

41 PELVIS’~ B. IMPACTED VEHICLE ~ ~oo ~o ~o 300    ~o 

Figure 2. Figure 

the ellipsoid representing the door of the struck car. One The inertia properties used in the model are shown in 
plane extends up to the door belt line and interacts only Table 1. 
with the chest contact ellipsoid. Another plane is offset 
50 mm into the passenger compartment and interacts only 
with the occupant lower torso. This plane is offset 50 mm Stiffr~esses Used in the Model 
to simulate intrusion at the H-point level since post-test 

The load-deflection properties of the various etements 
measurements show that intrusion at the H-point level is 

involved in simulating the structural responses of the two 
generally more than at the chest level due to bumper 

cars were determined by exercising a collinear, lumped 
contact, 

mass model (4) configured simitar to the structural model 
The occupmnt is modelled by four segments--the lower 

used in this study. A combination of stiffnesses producing 
torso, upper torso, neck and head. The inertia properties 

acceleration and crush responses observed in the crash 
of the lower torso includes parts of the femur masses and 

test of the two cars was selected for use in the CAL3D 
the pelvis. The lower legs were not simulated because model. These stiffnesses are shown in Figure 
their effect on head and chest response during the impact The lateral compliance of the HSRI side impact dummy 
phase is believed to be negligible. The upper torso mass was determined from a 24 kph sled test of the dummy 
and moment of inertia are those measured from an HSRI into a rigid wa11. It shoutd be noted that no attempts 
side impact dummy. To avoid problems arising from con- were made to model the dummy hardware inside the 

.... tacts between ellipsoids and planes in the CAL3D model, chest, such as the hydraulic damper, and it was assumed 
the chest contact sensing ellipsoid has been offset towards that the stiffnesses determined fi~om the test at 24 kph 
the door by 112 mm from the spine. The inertia properties can be extrapolated to higher speeds. The stiffnesses used 
of the head and neck are those of a Part 572 dummy, for the dummy chest and the lower torso are shown in 

Figure 4. Note from the figure that the first 52.5 mm of 

Table 1. Segment inertial properties. 

Moment of inertia 

Segment ...... kg-m OCCUPANT L~TERAL STIFFNESS 

(kg) x y z 

Head          4.545 0.028 0.028 0.018 

Neck 0.909 0.003 0.003 0.003 

-~pper torso 27.27 0.237 0.181 0.283 

Lower torso 3!.82 0.418 0.283 0.283 
Impacting 
car body 1495.5 734.20 2938.000 2779.800 
Bump., gNI, 
assy. 52.3 25.43 80.12 79.33 

Door, side 
str., etc 79.55 22.6 113.00    22.6 

Struck car 
body 1319 757 30!8.0 2859.0 _ Figure 4. 
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C~PARISON    OF VELOCiTiES                                        ,~O~PAR|SO~          OF ~SULTA~T TO~O ACC~RATION 

~TW~ CRASH T~ST AND S~ULAT~ 

Figure 5. 
Figure 7. 

chest com£~essJo£ [e£[esent the a~ o£ the du~y 
consists o£ ~ery soft £oa~. ~o[ this study, the chest the 5~re that these res£oases 
compressio~ reposed is the total compression minus the and shape have been predicted accurately within (6%) by 

first 52.5 ram. the model. The difference in the timing of the peaks at 
TI2 and T1 suggests large angular accelerations in the 
spine. The T 1 acceleration response lags T12 response by 

Results of the Crash Simulation approximately 6 ms which is due to the pelvis being struck 

~ne velocity-time histories of the st~king and struck 
earlier than the chest in the simulation and probably 

ca~, the door and the occupant chest are shown in Figure 
the crash test. The pelvic response in the test was not 

5 and compared with those from the car-to-car crash test. 
measured, hence the model response cannot be compared 

It can be s~n from the figure that the model results 
with the test response. 

compare welI with the crash test results in te~s of the 
Figure 8 shows a compa~son of the dummy head re- 

sultant acceleration observed in the test and predicts an 
shapes and durations of the va~ous responses. It is 
teresting that the common velocity reaches between the 

earlier and higher peak acceleration than obse~ed in the 
test. Since the thoracic spine acceleration responses pre- 

two ca~ in the test and the simulation are the same, dieted by the model and the test agree closely, any dif- 
showing that rotation and ground friction do not play an 

ference between the test and the model predicted head 
impo~ant role even at a ~ degree impact angle. 

response would be due to inaccuracies in the neck model. 
The door intrusion-time history predicted by the model Since this neck model seems to predict longer duration, 

compares very well with that obse~ed in the crash test, 
frontat impact response well, it is believed that the de- 

and is shown in Figure 6. fom~ation mode in the dummy neck under a sho~ du- 
The dummy spinN acceleration responses measured at 

ration high acceleration response requires a different neck 
T1 and T!2 are shown in Figure 7. It can be seen 
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Table 2. Effect of clearance. 

Peak head Peak chest accn. Chest/door Chest/door 
Clearance accn. TI T12 impact vel common vel ! Door int. Chest crush 

(mm) (G) (G) (G) (km/h) (km/h) [ (ram) (mm) 

25.4 .... 57.7 59.3 59.0 17.0 I 40.23 I 469.9 81.28 

50.8 59.7 84.0 64.5 12.83 39.11 I 474.98 83.82 

76.2 (36.8 66.3 87.0 20.12 39.91 485.14 88.90 

101.8 87.6 71.6 81.9 23.23 40.23 492.78 91.44 

............ 127.00 85.5 78.4 94.8 28.62 39.43 500.38 91.44 

152.4 85.1 80.5 !03.0 33.47 39.91 505.48 91.44               A 

!85.1 63.7 80.2 100.0 35.2 39.43 505.48 88.9 S 

177.8 64.3 78.3 98.9 37.03 39.43 505.46 88.9 

203.2 63.1 72.7 92.1 42.79 38.82 502.92 83.82 

228.8 82.5 89.0 87.7 4&18 38.3 502.92 81.28 

254.0 82.8 85.1 85.2 46.27 37.34 502.92 83.82 

model than what is currently used. Attempts at matching might account for the general decrease in the spinal ac~ 

the test head response with the model by varying the neck celerations and chest crush. This shows that the relative 
........ joint stiffnesses were not successful. Perhaps a rigid neck impact velocity as well as the common velocity are ira* 

with two articulations should be replaced by a deformable portant in determining chest impact response. As a result, 

beam in the model, the entire door velocity-time history from the time of 
contact to the time of common velocity between the door 
and the chest is important. 

The head acceleration response seems to be relatively 

.......... PERTURBATION STUDIES WITH THE insensitive to the initial clearance. It should however be 

MODEL pointed out that the side door window has been assumed 
to be shattered. If the window does not shatter as seen 

The model response comparison with the car-to-car in the test and assumed in the model, the head response 

crash test was considered good enough to carry out per- may show different trends. 

turbation studies with the model. The role of the initial It can be seen in Table 2 that the door intrusion is 

door inner pane!oto-occupant clearance, stiffness of the slightly affected by occupant clearance from the door. 

side structure of the car and a side impact bolster on This shows that occupant impact can influence door 

occupant response were investigated by modelling exer- kinematics as was hypothesized by Monk, et al. (5) 

cises. The remainder of this paper describes the results 
of these exercises° 

eFFECT 

Effect of Clearance 
The effect of clearance on occupant response was in- 

vestigated by changing the occupant initial position in 

the model relative to the door from 25 mm to 250 mmo ~:~E~,~,. ~’* ~ii ~.~ 
The results of these simulations are shown in Table 2 and 
Figure 9. It can be seen from the figure that as the clear- 

,o 

ance increases from 25 mm to 165 mm the spinal accel- 
erations and chest crush increase. Beyond 165 mm 
clearance, the spinal accelerations and the chest crush ~ -’~_~..._~ 
decrease. The increase in spinal accelerations between 25 v~uoclTv.,~,/~ ~.~_ ~~~,~ 
mm to 165 mm initial clearance is due to an increase in 
the relative impact velocity between the door and the 

~ 
occupant chest. Beyond 165 mm, even though the relative 
impact velocity is increasing, the common velocity 
reached between the chest and the door is decreasing and Figure 9. 
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that, in these simulations, 50 mm of bolster reduced chest 
CONBINED OCCUPANT--BOLSTER STIFFNESS deformation by only 10 mm when compared with the 

baseline car with no bolster. However, the addition of 
another 25 mm of bolster results ~n an additional !3 mm 
reduction in chest deformation. 

~ooo. ~. Effect of Side Structural Stiffness 

~ ,o The side structural force-deflection characteristics in 
the baseline simulation were raised in steps of 10% to 
determine the effect of structural stiffness on occupant 

~o    co ~o 2co ~o ~oo ~o response. The results of these simulations are shown in 

~,o., ~ Table 4 and Figure 11. As expected, as the side structural 
stiffness increases, the door intrusion into the passenger 

Figure 10. compartment decreases. There is a general trend towards 
reductions in peak chest and head accelerations, and chest 
deformation. It is found that doubling the baseline stiff- 
ness results in decreases of approximately 20 G’s in the 

chest and head accelerations and approximately 22 mm 
Effect of Side Bolster on Occupant Response chest deformation. The practicality of doubling the struco 

rural stiffness of the side of the car has not been addressed 
B I. x~ea[ized Bdster Properties: For the modelling exo 

in this study. 
ercises it was assumed that an ideal bolster would absorb 

It can be seen from Table 4 that only after a consid- 
energy at a constant ~orce level and this force level woutd 

erable amount of stiffening (80%) is the relative impact 
be below the human tolerance level Currently, the human 

velocity between the door and the occupant reduced from 
tolerance force 1eve1 has not been established; however, 

the basetine case. Therefore, the reductions in occupant 
a constant level of 8.9 KN was setected for the mode! 

response levels below 80% stiffening are mainly due to 
based on cadaver test data from APR (6). At this level 

the reductions in the common velocity reached between 
the n’lc4et chest would deform 33 mm before crushing 

the door and the occupant. 
the bolster and even the softest chest in the cadaver pop~ 

The role of side structural stiffness alone in controlling 
ulation studied by APR woutd crush the hoister before 

occupant response levels can now be put in the proper 
exceeding proposed chest deformation tolerance limit, 

perspective by comparing the results of this series of runs 
The resulting force~deflection property of the combined 

with the preceding series which only had an-addition of 
chest and bolster is shown in Figure 10. 

a side bolster in the baseline car. These results are shown 
B2. Results" of Bo~ster Runs in the Baseline Car. Three 

in Figure 12. 1t can be seen from the figure that the 
m~det runs in the baseline car were made with a 25 ram, 

occupant response levels attained by doubling side struc- 
50 mm and 75 mm of an idealized bolster interposed 

ture stiffness, can be obtained by the inclusion of 75 mm 
between the occupant and the door inner panel The actual 

of side bolster thickness on the door in the baseline car. 
thickness of the bolster may be 15% to 25% greater than 
that of the idealized bolster due to material stackup. As 

a result of the installation of the bolster, the initial clearo 
ance between the c~ccupant and the door was reduced by 
the thickness of the bolster used. p 

The results of these runs are shown in Table 3. It can 
be ~en that with the addition of the bolster, the occupant 
res~nse levels generally decrease. It is interesting to note 

TaRe & Effect of bolster. 

Bo~ster Head Peak chest accn. Chest 
thickness accn. T1 T12 crush 

~.~. 

(rnm) (G) (G) (G) (mm) 
~OO~o "~" ¢’’ 

pc 

0.0 63.7 80.2 100.0 88.90 
25.4 61 .! 75.0 93.1 86.40 
50.8 55.1 68.t 85.3 78.70 

76.2 47.9 57.3 73.8 66.0~ 0~ Figure 11. 
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Table 4. Effect of side structure stiffness on occupant response. 

- Peak head 
Peak chest accn. Chest/door Chest/door Chest 

accn, T1 T12 impact vel common ve~ Door int. crush 
: Side stiffness (G) (G) (G) (kin/h) (km/h) (ram) (mm) 

Base 63.7 80.2 100.0 35.20 39.43 505.46 88,9 

+ 10% 67.2 76.7 94,3 36.04 40.23 441.96 88,9 

+20% 61.9 76.6 103,0 36,76 38.30 391.16 83,82 

+30% 59.7 75,7 98.7 37.13 37.34 347.98 81 

.......... +40% 54.8 71.7 92.9 35.85 34.76 322.58 7&74 

............. +50% 54.3 71.1 89.3 35. t3 34.12 287.02 78.74 

+60% 53.2 70.5 94.5 35.76 33.3t 259.08 76.20 

+80% 48.7 68.2 9! .1 33,94 31.38 2!8.44 73,66 

+ 100% 43.6 59.9 75.4 30.49 28.97 172.72 66.04 

+ 200% 46.0 57.4 67.1 21.57 29.77 27.94 

Similarly the response levels reached by increasing the A series of simulations with varying levels of side struco 

stiffness of the car between 40 and 80% can be attained rural stiffness and initial clearance from the bolster surface 

by the inclusion of 50 to 75 mm of bolster on the door. were made. The resutts of these simulations are shown 

This confirrns that structural stiffening alone may not be in Tables 5 to 8. The composite result of these simulations 

........... an effective way to contro! occupant response levels, is shown in Figure 13. It can be seen that for any given 

....... initial clearance, as the side structural stiffness increases, 

Side Stiffness and lnitia  Clearance Effect on 
the required bolster thickness decreases for the crash cor~ 
dition studied (48 km/h, 60 dego impact). Since the 

Required Bolster crease in structural stiffness and the addition of side 
The combined role of side structural stiffness, initiat bolsters probabty entail weight and cost considerations, 

clearance and side bolster thickness on occupant response and occupant-to-door clearance affects interior packago 
for the crash condition simulated, was next investigated ing, Figure 13 can be used to tradeooff one factor against 
through model exercises. The 8.9 KN constant force level another. With such trade-off studies it may be ~ssible 
bolster described in Section B1 was selected for these to evaluate various combinations of structural stiffness, 
exercises. The variable of interest was the required bolster bolster thickness and interior packaging° 
thickness without bottoming out, for the various side 
structure stiffnesses and occupant/bolster clearances. It 
should, however, be kept in mind, that the ideal bolster CONCLUSIONS AND 
used in this model does not exist in practice due to ma- RECOMMENDATIONS 
terial stackup when the bolster crushes. The actual bolster 
thickness required may be 15% to 25% greater than that This study has shown the applicability of the CAL3D 

predicted by the model to account for material stackup, mathematical model as a combined structural and oc~ 

RELAT~E EFFECT OF SIDE STRUCTURAL ST~FPNES$ 
EFFECT OF’ CLEARANCE 

AND BOLSTER THICKNESS ON OCCUPANT RESPONSE 

Figure 12. Figure 13. 
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Table 5. Required bolster thickness for base side structure cupant model to the simulation of car-to-car crash tests. 
(chest crush 33.8 rnm). The struck car in the simulation was stationary. Further 

development of the model should be aimed at simulating 
Chest/ Peak Peak chest accn. Required 
bo~ster head bolster the condition where both cars are moving. It is believed 

clearance accn. T1 T12 thickness that the structural part of the model can be enhanced 
(mm) (G) (G) (G) (mm) and made more user friendly by incorporating generalized 

25.4 26.4 30.5 29.6 99.57 elastic-plastic spring algorithms of the type currently 

76.2 25.8 32.7 30.0 142.24 available in the Battelle (4) model. 

127.0 25.2 33.4 30.1 157.48 It has also been shown that the side impact dummy 

185.1 24.4 33.0 30.0 151.64 spinal response can be simulated accurately; however a 
more detailed neck model should be developed to obtain 

177.8     24.7     32.9      29.6     148.59 
better head acceleration correlations with actual test data 

228.6 25.3 33.8 29.4 137.16 
in side impact. 

The perturbation studies with the model show the rel- 
ative effects of side structural stiffness alone and side 

Tare 6. Required bolster thickness for base + 20 percent 
side structure stiffness (chest crush 33.8 mm). bolster alone on occupant response parameters. The sim- 

ulations indicate that the control of occupant response 

Chest/ Peak Peak chest accn. Required will be more effectively achieved by the use of side bolsters 
bolster head bolster than by structural stiffening, at least for the combination 

clearance accn. T1 T12 thickness of the striking and struck cars used in this study. 
(ram) (G) (G) (G) (ram) This study points to the existence of "trade-off’’ curves 
25.4 25.6 31.0 1 29.3 101.6 between structural stiffness, bolster thickness and occu- 
76.2 25.5 33.1 29.1 134.6 pant-to-door initial clearance as shown in Figure 13. If 
127.0 24.4 32.8 29.9 142.2 such relationships can be developed for the various side 
165.1 24.2 33.4 29.7 137.2 impact crash configurations, a wide range of combinations 
177.8 24.1 33.5 29.6 137.2 of structure and bolster can be studied. 

228.6 25.8 33.8 29.2 114.3 The current study was done holding the striking car 
front-end stiffness constant. A previous study of the au- 

thors (1) and various other studies have shown the im- 
Table 7. Required bolster thickness for base + 50 percent portance of the striking car front-end characteristics in 

side structure stiffness (chest crush 33.8 mm). influencing occupant response parameters. It is believed 
that if the front-end stiffness of the striking car is reduced, 

Chest! Peak Peak chest accn. Required better compatibility between the colliding cars would be 
bolster head bolster 

achieved, and hence would reduce the need for side struc- earance accn. Tt T12 thickness 
(mm) (G) (G) (G) (mm) rural stiffening and the required bolster thickness. Such 

25.4 25.9 31.4 29.4 83.80 an investigation can also be done by the model used in 
this study. 

76.2 25.2 32.0 29.9 114.3 
127.0 24.1 33.0 30.0 119.4 
165.1 24.0 32.6 29.4 111.76 ACKNOWLEDGEMENT 
177,8 23.8 33.1 29.2 ! 09.22 
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Table 8. Required bolster thickness for base + 100 percent Company for sponsoring this study and providing the 

side structure stiffness (chest crush 33.8 mm). crash test data used. The encouragement and support of 
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bolster head bolster 

clearance accn. T1 T! 2 thickness 
(ram) (G) (G) (G) (mm) 
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Vehicle Side Impact Structural Analysis 

C. M. N I less understood. Side impact collisions usually involve a 

Engineering Mechanics Department broad spectrum of factors such as: 1) the vehicle param- 

General Motors Research Laboratories eters (mass, structural design, and rigidity), 2) the point 
and angle of impact, 3) the impact speeds, 4) the vehicle 

Warren, Michigan interior design, and 5) the use of restraints. This paper 

will consider the structural deformation and the rigid 

ABSTRACT body motion of the struck vehicle: The large structural 
deformation associated with side impact complicates the 

A computerized analytical technique, which includes problem of predicting the response. Comprehensive anal- 

the NONDRIS (NONlinear Dynamic Response of In, ysis methods for assessing vehicle side impact are still 

tegrated Structures) program and the structural models, absent in the literature largely because of the dit~culties 

has been applied to compute the structural response of introduced by the lack of geometrical symmetry, the 

space frames to static crush loadings and side impacts, highly nonlinear plastic flow of metal, the large structural 

As a first step toward full vehicle analysis, the vehicle is deformation, and the continuously changing contact sur- 

represented as a simplified space frame structure which face. 

can be modeled by beam elements, nonlinear stiffness Because of the extreme complexity of automotive ve- 

elements, and concentrated masses. The analytical tech’ hicle structures and complicated material behavior in- 

nique is used to compute deflections, force resultants, volved in large plastic deformation of structural material, 

local section buckling of the beams, and fracture for the the analysis of the automotive structural response result* 

following cases: 1)side crush due to quasi-static loading ing from collision is a complex and cha!lenging task. 

and 2) side impact by a rigid barrier at impact speeds of Much progress has been made in the area of vehicle 

24 and 34 km/h. impact analysis of automotive structures during recent 

To verify the analytical study, experimental space frame years. Notably, the computer simulation technique for a 

structures were fabricated and subjected to the afore- one-dimensional mass-spring system has been developed 

mentioned load conditions. Comparisons between meas- and applied with great success in predicting dynamic 

ured and computed results indicate that total side crush, response of automotive vehicles in a symmetric front or 

resisting force, and deformed profiles can be numerically rear impact [3,@ It should be pointed out, however, that 

predicted, applying this approach to two-dimensional or three-di- 
mensional problems in an unsymmetric impact may lead 
to difficulty in determining analytically and experimen- 

INTRODUCTION tally the force-deflection curves of the structural com- 
ponents. This is because multi-axial plastic deformation 

Studies have shown that side impacts are second only of structural components is generally path dependent° 

to frontal impacts in terms of numbers of injuries [1,2]. Therefore, it is necessary to solve the symmetric and 

For this reason, there is an increasing interest in side unsymmetric crush problems of automotive vehicles an- 

impact cdilisions and methods for reducing injuries which alytically so that their impact response can be predictively 

result from these collisions. Generally speaking, the assessed in a more general and efficient manner. 

knowledge of events during a frontal collision has deve!- An analytical technique has been used to predict the 

oped to a comparatively high degree, yet side impacts are force-deflection curves of automotive frame-type com- 
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portents with a three-dimensional configuration [5]. It linear stiffness elements, and concentrated masses. The 
should be noted that this analytical technique can only model is used to compute deflections, local section buck- 
deat with a single structural component. Subsequently, ling of the beams, strain rates, and fracture for the fol- 

extension of this technique to a two-dimensional frame lowing load cases: 1) side crush due to quasi-static loading 

system subjected to symmetric and unsymmetric impact and 2) side impact by a rigid barrier at impact speeds of 

loadings was made [6]. An analytical formulation is avail- 24 and 34 km/h. To verify the analytical study, experi- 
able in the literature [7] to predict the moment-rotation mental space frame structures were fabricated and 

relationship of two-dimensional box beams in bending subjected to the aforementioned load conditions. 

with local buckting as a dominating factor. In addition, Comparisons between measured and computed results 
the accordion-type bucMing of box beams in pure axial indicate that total side crush, resisting forces, and de- 
compression was also studied [8]; in Reference 8, ana- formed profiles can be numerically predicted. 
lyrical %rmulas were derived to predict the mean crush In the following sections, we will first present a brief 
loa& Aside from the frame, an analytical technique was description of the "NONDRIS" program. This will be 
also developed fbr large deformation analysis of flat panel followed by descriptions of the static side crush of the 

members [9]. first space frame (designated as Space Frame 1) which 
Since the basic tools, as described in the preceding was subjected to point loadings and the rigid barrier side 

paragraph, have been developed, the next step is to in- crush of the second space frame (designated as Space 
corporate them into a general purpose computer program. Frame It) which was subjected to static as well as dynamic 

In addition, this technique should be able to handle three- toadings. 

dimer~sional space frame systems and integrated frame 
and sheet-metal s~ruc~ures. A new computer program, THKORY 
’°NONDRIS" (NONlinear Dynamic Response of Inte- 
grated Structures) [10], has been developed to do this. Beam Member 
Fhe "NONDRIS" program contains beam, plate, spring 
(or truss), and rigid-body elements. Each elemem type is (t) Kinematics. A Lagrangian coordinate system-- 

coded m a modular form so that any one element or a (x,y,z,)--is used to describe the motion of the structural 

combination of several elements can be used effectively element as shown in Figure 1. The direction cosines of a 

as an independent program, typical structural element are 

The presem paper explores the use of this general pur- 8x 0y 0z 
pose compute~ program to compute vehicle response to cos a = ~, cos/3 = ~-~, cos ~ = ~ (1) 

side impact. As a first step toward ful! vehicle analysis, 
the vehicle ~s represented as a simplified space frame where cosset + cos~fl + cos~y = 1, ds = [(dx)~ + (dy)~ 

structure which can be modeled by beam elements, non- -P (dz)~] ~a and where ds is the length of the infinitesimal 
element. The slopes of the projections of this three-di- 
mensional element on the y-z and x-y plane are 

1 0y 
~, 0~ = cos-’ (2) 

sina 8s 

and 

~ ~" ~ ~ 
~ = c°s-~                                                        sin70s (3) 

0~. ~ (2) Equations of Motion. Figure 1 also illustrates the 

"\.’~ ~ " ~ ~ 0~ 
internal and external forces acting upon a deformed ele- 

~_~     % , mere of a three-dimensional structure. These internal 
~\~ o forces consist of bending moments, M~ and M~; axial force, 

~ ~ ~,~ ~! .. N; shear forces, Qx and Q~; and twist, T. The external 
’~ " forces consist of inertia forces, mi~, m~, and m~; and 

............................ ~:~r-~* ’~ °’ constraint forces, Fx, Fy, and F~. 
The differential equations of dynamic equilibrium for 

............................... this element in the x, y, and z directions, respectively, 
/ are 

0(Qx cos Ox) Fig~re ~. Nomenclature for a three-dimensiona~ structural 0(N sin 7 sin 0x) + 
-- m ~ 

element. 0s 0s 
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0(N sin y cos 0~) 

0s 

3(Q~ s~n O~ + Q~ sin 03 _ m~ (4) 

O(N sin y sin 0,) O(Q, cos OO _ m ~ 3 

where 

Q~ = Os            (5) ...... 

OM~ 
Q~= Os " 

In developing ~s. (4) and (5), it is assumed that the 
........ twist, T, is negli~ble. Figure 2. Idealized ~iscrete segments ~or cross sect~on~ 

(3) Idealized ~hickness Model An idealized thic~ess 
model, illustrated in Figure 2 and consisting o£ a number 
of discrete segments for the cross section of the beam 

of the structure. Each segment is characterized by the ~y = ~o + . (7) 

........ area, A~, and its distances, ~ and ~, to the e.g. of the 
ith section. These discrete segments are considered to be 
separated by material that cannot carry normal stress but In this approximation, the effect of the strain-rate is to 

that has infinite shear rigidity. With this simplified model raise the yield stress Cy of the material above its quasi- 

of the cross section, the strain and stress in the st~cture 
static value ¢o, such that the associated strain*hardening 

c~ be defined by the strain and stress in these individual potion of the cu~e is kept parallel to the static strain- 

........... segments. It is assumed that plane sections remain plane hardening cu~e as illustrated in Figure 3. The quantities 

throughout the derogation process. D and p in Eq. (7) are treated as material constants. For 

(4) Strain-Displacement Relationship. ~e strain at the 
mild steel, test results show D and p to be ~4 s~ and 

jth se~ent, located at distances, ~ and ~, from the two 5, respectively. 

centroidal axes of the ith section, may be expressed ap- (6) Calculation of the Element Forces. Having calcu- 

proximately as later the stress, ¢~, in the segment pattern of the cross 

Asi - ~s~ 
section by substituting the corresponding strain, ~ into 

~i~ =    As~ 

(a0J  - (a0z)? 
-- ~i~ (As?+~ sin a~+~ + ~s~ sin a~)/2 (6) 

where &s~ is the length of the defo~ed link i, and (~0~)~, 

(&0O~, are the angles between the deformed links ~ and 
i+ 1 in the z and x directions, respectively. The index o 
refers to the undefo~ed position at time zero. 

(5) Stress-Strain Relationship. In this engineering ap- 
0 

proach, it is assumed that the axial stress depends directly 
on the axial strain. The relationship can be characterized 
by means of the nominal stress vs. the nominal strain 
cu~e obtained from a uniaxial tensile test. Generally 
most ductile materials can have their nominal stress-strain .......................... 
relationship reasonably idealized by an elastic, linear 
strain-hardening representation, including the Bause~n- 
get effect. 

A common approximation to account for possible 
strain-rate sensitivity is F~gure 8. Stress vs. strain. 
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the stress-strain relationship, the axial force, Ni, and bend- 
ing moments, (Mx)~ and (Mz)i, at the ith nodal point can 
be approximated as 

n-,= Z Zo’,jA,j 
j=! k=~ 

1 K 

(7) Large Local Deformation of Sections. It is almost 
always justifiable in engineering analysis to neglect the 
cross-sectional change of a beam column undergoing large 
deformation. However for beam columns with thin- 
walled sections, the cross sections undergo significant dis- 
tortions during bending as shown in Figure 4. For a solid 
section without a significant sectional change, the two Figure 4. Typical detail of plastic hinge in frame member. 

distances, ~i~ and ~ij, in Figure 2 remain constant during 
global deformation process, while in the case of a thin- 
walled section with significant sectional distortions, these 
two distances change during global deformation of the - 
structure. In the present approach, the adjustments of ~i~ 

and ~ associated with the bending of the cross section bltz’,× 1-1/z"× 0.06z,, 
.8 are treated by means of empirical relationships between 

the distances and the bending angies. The relations be- 
tween depth changes and bending angles of some typical .6 
box sections are shown in Figure 5. 

Fligid-Body Element 

One of the important concepts employed in developing 
. ZE 

this general purpose technique is that the joints of the 
structural members described above are considered as 
rigid bodies experiencing six degrees of freedom. Figure 
~ i!|ustrates the motion of joints with the forces and BENDING ANGLE (RADIANSI 

moments acting on them from the surrounding structural 

members or attachments. Then the equations of motion Figure 5. Cross-sectional depth changes vs. bending angles. 

of jo~nts may be written as 

(F~)o _i = N 

(9) 

(My),’ i = (~)~ ({Jy),- 

(M~), i = (~)~ (0~)z. Figure 6. Schematic diagram showing the equilibrium state 
,=, of the ~ th joint. 
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Time-Integration Scheme nodal point, the thin-walled box section is represented by 
8 discrete segments as demonstrated in Reference !0. The 

In order to solve the equations of motion of the dynamic beam elements in NONDRIS used to model the beam 
system, an explicit integration scheme derived from the members of the space frame are capable of dealing with 

central finite difference is used: large rigid-body motion and structural deformation ac- 
companied by local sectional buckling. 

(X)t+at = (~)t (At)2 -F 2(x)t -- (x)t_at. (10) The member joints are assumed to be rigid points hav- 

It has been recognized that this integration scheme in ing no geometric dimensions. As shown in Figure 8a, 

conjunction with the lumped mass model is considered when the joint is modeled as a rigid joint, the assumption 

......... as one of the most efficient numerical schemes in nonlin- of a rigid joint would impose that the joint angle, O, 

.......... ear transient problems. It should be noted, however, that remains unchanged during deformation. However, joints 

the integration step size, At, has to be carefully chosen of thin-walled frame structures usually experience some 

such that the stability criterion involved in the wave too- degree of flexibility due to deformation of the attached 
tion be met. The stability criterion, in general, requires structures. The modeling technique for rigid joints must 
that the amount of time taken by a wave to travel over be modified to account for the joint flexibilifies. One 
an element length be greater than the chosen time step, modification can be made simply by assigning one ado 
At. This may be expressed as ditional nodal point beyond the joint as shown in Figure 

At < Asx/~/E (11) 
8b. These additional nodal points (or fictitious nodal 
points) and the joint maintain their rigidities while the 

where As is the element length, p is the density of the structure attached to the joint would experience defor- 
material, and E is the Young’s modulus, marion depending on its sectional and materi!l properties. 

........ This modeling technique provides one of the easiest ways 
.......... to deal with the complex, multi-axial deformation char- 

STATIC SIDE CRUSH OF SPACE FRAME I acteristics associated with flexible joints. Certainly, it 
should be noted that, when the inelastic joint data in 

Structural Model multi-axial loading conditions can be determined exper- 

The space frame shown in Figure 7 is designated as imentally for each joint, the joints of the structura! model 

Space Frame I. It should be noted that each of the beam can then be represented by a point with a three-dimen- 
sional rotational "spring" available in NONDRIS. How- 

members has uniform rectangular thin-walled sections 
along its length. The space frame is clamped at both its ever, due .to the path-dependent nature associated with 

front end and rear end and then subjected to side crush large inelastic joint deformations in multi-axial loading 

loadings at two points, A and B. The deflections at A conditions, it is generally quite cumbersome, if not ira- 

and B are equal and assumed to be in the lateral direction possible, to establish the "spring" characteristics (or load- 

only. ing surface)for each joint. 

The structural model of this space frame consists of 26 An explicitly integrated dynamic approach is used to 

box-beam members, 11 rigid masses for member joints solve this quasi-static problem. This approach to solving 

and 2 for the boundary fixtures at either end. Each beam static problems is usua!ly referred to as the "dynarnic 

member is then further discretized at a number of nodal relaxation method" and is based on the fact that a damped 

points, ranging from 8 to 11, along its length. At each system excited by a constant force ultimately comes to 
rest at the static equilibrium of the system. 

F|CTICIOUS PO~N~ 

~x~OINT 

(a) (b) 

Fi lure 8. Rigid joints modeled as point masse with extended 
Figure 7. Sketch and dimensions of Space Frame I. ficticious member nodal points. 
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\ 

Fi~qure 9. Test setup for static crush of Space Frame I. 
Figure 11. Comparison of measured and calculated de- 

formed profiles of Space Frame I. 

The two r~gid masses which represent the front and 
rear boundaries, respectively, are assumed to be so large Correlations of Structural Model and 
that they remain stationary as the loading is being applied Experiment 
m the space :frame. The rnaterial used in this space frame 

In essence, the NONDRIS program can compute the 
is SAE 1010. which has a Young’s modulus of 2.07 X 

detailed deformation and forces associated with every 
I0~ M Pao a yield stress of t72 MPa, and a tensite strength 
of 235 MPa at a strain equal to 0.25. 

poim in the structural model of the space frame. For 
comparison purposes, Figure 11 illustrates only the de- 
formed profiles of the space frame, measured experimen- 

Experimental Testing tally and computed from the model for side crush of 12.7 

As shown in Figure 9, this space frame is clamped to cm at points A and B. It can be seen that the agreement 

the fixtures at both the front and rear ends and is then between model and experiment is indeed very good. Both 

side crushed statically a~ two points, A and B, by two the calculated results and the experimental measurements 

r~gid pusher tunes connected to the ram face of the indicate that, as point A is being pushed, beam members 

crusher. Load cells are used to record the forces exerted 5 and 6 (Figure 7) were snapped inward, with one end 

by the space frame at its top and bottom load paths, in of member v traveling with point A and the other end 

addition to the ~:orce measurements, the displacements of pushing up its joint at the top. Also, as a result of large 

some key locations are also recorded. Figure 10 shows deflection at point B, there are significant structural de- 

the deformed space frame after being crushed. As one formations occurring in tension on members 1, 2, and 3. 

can see. extremely large structural deformation and f~ac- On the other hand, the structures on the far side of the 

rare of material are experienced, space frame experienced very small deformations. 
In addition to the deformation profiles, the force-de- 

flection curves of the space frame are usually used to 
characterize its structural resistance. Figures 12 and 13 

Figu~e 10 Deformed members of Space Frame I afte~ side Figure 12. Force-deflection curve comparison between anal- 
crush, ysis and experiment at top load path. 
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Figure 13. Force-deflection curve comparison between anal- 
~. ,T,.2~ STATIC 

DYNAMIC 
ysis and experiment at bottom load path. 

present the force-deflection curves of the space frame at 
its top load path and bottom load path, respectively. As Figure 14. Sketch of Space Frame 

discussed previously, members 5 and 6 experience the 
"snap through" phenomenon as point A is being pushed rigid masses undergoing no structural deformation. An- 
and, as a result, the force level drops after the critical other aspect of this model which differs from the previous 
point until these two members reverse from compression one is that this space frame is subjected to side crash 
modes to tension modes and gradually accumulate their !oadings by a rigid steel rectangular plate (10! cm × 38 
tensile resistances. In Figure 12, the computed results cm × 2.5 cm) as shown by the shaded area in Figure 
follow the test data reasonably well in spite of some dis- 15. In order to simplify the complex nature of the contact 
crepancies in magnitude. Similarly, the force-deflection area between the impacted structures and the rigid barrier 
curve at the bottom load path has been computed and an assumption is made that the rigid barrier and the 
compared with the experimental measurements. Figure impacted structures are in constant contact. In other 
13 indicates that both the computed and the measured words, after the initial contact they remain in contact. 
forces increase monotonically with deflections mainly be- acting like a single rigid mass. This assumption is justi- 
cause members !, 2, and 3 are subjected to tension fiable in view of the large inelastic deformation which 
throughout the whole deformation process. As one can occurred on the impacted structures of the space frame. 
see, the computed force-deflection curve is in good agree- There are two loading conditions, static and dynamm, 
ment with test data, except in the region after the fracture applied to this space frame. First, in the case of s~a~ 
point. In this particular case, fracture was not considered loading, the front and rear ends are constrained from 
in the model moving laterally and vertically when the shaded area of 

the model in Figure 15 is subjected to lateral forces. The 
analytical solution technique as described in the previous 

STATIO AND DYNAMIC RIGID BARRIER 
S~DE CRUSH OF SPACE FRAME ~1 

Structural Mode  (Static Loading)  ,  , MEMOER 
Figure 14 shows the sketch of the second space frame, ~ ,a~, ~,M°,, 

designated as Space Frame II. Space Frame II differs _ 
from Space Frame I by: 1) attaching the relatively rind 
front and rear ends and 2) aligning members 5 and 6 
(Figure 7) to eliminate the "kink". The structural model, ~ ~ ~,~..2...~.~~ >~’2 . 

as depicted in Figure t5, consists of 25 beam members ~-~- L~ 

and 11 masses for their joints. It should be pointed out 
that the modeling technique for beam members and their 
joints is the same as discussed in the previous section. :- 

-. Since the main interest in this study lies in modeling the _. 
side impact response of the middle portion of this space . _..- - 
frame, which is intended to simulate the vehicle passenger 
compartment, the front and rear ends are modeled as two Figure ! 5. The structural mode~ of Space Frame 
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section is also applied to this case. A bilinear represen- 
tation for approximating the stress-strain curve of SAE 
1010 steel, used in Space Frame 1, is also adopted for this 
case of loading conditions. However, due to the fact that 
local fracture can significantly weaken the crush strength 
of structures, a simplified fracture model based on the 
maximum strain theory has been incorporated in the 
structural model. The maximum strain of each beam 
member at each step of the calculation is obtained, and 
then the material tensile fracture strain is used as a critical 
strain beyond which the beam member is assumed to fail 
and offers no structural resistance. 

StructurN Model (Dynamic Loading) Figure 1(3. Test setup for static barrier side crush of Space 
Frame 

The structural model shown in Figure 15 and discussed 
in the preceding section is also applicable to dynamic 
loading conditions. In this case, the space frame is initially 
stationary and subjected to dynamic impacts normal to 
the side by a rigid moving barrier at 24 and 34 km/h. 
With the same ass~amption of constant contact between 
the moving barrier and the impacted structures of the 
space frame, the rigid mass representing the shaded area 
in Figure 15, which includes the moving barrier mass and 
the mass of the impacted structures, has an initial lateral 
velocity equivalent to the impact speed. The front and 
rear ends are allowed to move in the three translational 
dimensions and to yaw about their vertical axes. 

Finally, one of the important characteristics associated 
with the dynamic response of structures is the ~°strain- 
rate sensitivity effect" associated with such structural ma* Figure 17. Deformed members of Space Frame 
terials as steel This is accounted for as described in section crush. 
(5) of the theoretical description. The material constants 
for the strain-rate effect of stee!, D and p [Eq. (7)], are 
~.4isec and 5, respectively. 

Experimental Testing (Static and Dynamic) 

Figure 16 illustrates the static test setup of Space Frame 
11~ Both its front and rear ends are suspended in such a 
way that they are only allowed to move freely in the 
longitudinal direction and yaw about their vertica! axes. 
Grease is applied on the contact surfaces between the 
space frame and suspending fixtures to minimize friction. 
A heavy steel plate (101 cm X 38 cm × 2.5 cm) extending 
out from the ram face of the crusher serves as a rigid 
barrier. Then the space frame is statically side crushed 
by the rigid barrier as shown in Figure 16. The reaction 
forces on the ram face of the crusher are recorded. Note 
that this crush testing is displacement controlled. The Figure !8. Proving ground test setup for rigid barrier side 

deformed profiles of those main beam members after 
impact of Space Frame II. 

crush are shown in Figure 17. Large plastic deformations 
(or plastic hinges) are quite obvious, and separation of figuration have been conducted at impact speeds of 24 
rnem’ber 7 (Figure 15) from the front end at its joint has and 34 km/h, respectively. Figure 18 illustrates the dy- 
been observed as a result of tearing of the end plate, namic side impact test arrangements in which the space 

Two dynamic side impacts of a Space Frame 11 con- frame is stationary before impact and a rigid plate with 
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~ 
I 

,~ ...... ANALYSIS 

~ 
801- .... EXPERIMENT 

...~,~ FRACTURE AT ~AE&’~BER 7 

0& ............. ~ .................. ~ . ¯ ......... J ....... ~. _ 

Figure 19. Picture of Space Frame ~ before test. 
Figure 21. Comparison of force-deflection cu~es obtained 

analytically and experimentally for Space Frame 
........ 9]y~o~ o~ to~ (tS~ sa~ styli 9]~t~ osed J~ tSo static H subject to static side crush. 

~mgacts tSe s~ace £~am~ ~o tS~ sam~ a~ea as ~o tSe static tS~ computed £o~co-de~ect~o~ c~ a~os ~o~soo~Ny 
test. ~ ~ oombe~ o£ r~co~d~o~s a~e os~d to measo~e w~H w~t5 tS~ ~¢asu~d ~xg~] data. ~o~5 ~5o com- 
acco]o~at~oos ~od d~sg]acom~ots o£ tSo spac~ £~amo and 9o~od and tS~ m~asored ~eso]ts ~O~c~t~ tsar, ~ ~5~ ~d 
the moving ba~er during impact. Figures 19 and 20 show barrier crushes the space frame, those major beam morn- 

......... the space frame before and after the side impact at a speed bers such as 7, 8, 1, 2, and 3 (Figure t5) expe~ence mostly 
of 34 kmiN. The defo~ation patterns of the space frame tensile derogation and, as a result, the force levels rise 
resulting ~om side impacts are, in fact, quite similar to as deflection increases. The computed resutts and exper- 
those in the static case. Separation of member 7 at its imental obse~ations all indicate that a separation oc- 
joint with the front end resulting from material fracture curred at the joint between member 7 and the front end 
is also observed in the case of the 34 km/h side impact, as a result of excessive stretching. The mate~al fracture 
However, no obvious fracture occurred in the case of the strain used in the model to calculate the fractuNng point 
24 ~m,~ impact, is 25%. Fu~he~ore, it should be noted that the force 

level in Figure 21 drops significantly after the fracture 

Gorr lations  tructural Mo6  s Exper- point, indicating the great loss of st~ctural resistance due 

 ments to the fracture at member 7. 

Static Case. Based on the structural model desc~bed 
Dynamic Case. The dynamic responses of the space 

previously, the NONDRIS program has computed the 
frame subjected to side impacts at speeds of 24 and 34 
km/h, respectively, have been computed with the NON- force-deflection curve of Space Frame II subjected to a 

static ~gid ba~er side crash. As presented in Figure 21, 
DRIS program. In these computations, the m~ses for 
the front end, the rear end, and the moving barrier are 
308, 285, and 1350 kg, respectively. The moment ofine~ia 

1601 ----ANALYSIS ..... EXPERI&~ENT 

0 I0 20 30 40 50 

TIME {msl .................. 

F~gure 22. Comparison of dynamic force-t~me cumCes be- 
~een analysis and experiment for Space Frame 

Figure 20. Picture of Space Frame II a~er test at 34 km/h. H subjected to side ~mpact at 34 km/h. 
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for the front end is 3200 kgocmz and 3070 kg.cm2 for 
ANALYSIS the rear end. 

Figure 22 shows the computed dynamic barrier force 
time Nsto~ as compared with that measured at the Gen- 
eral Motors Proving Ground. It can be seen that they 

- 
agr~ with each other r~onably well, ~nsidefing the 
extreme complexities involved in this ~nd of contact 
problem. The spurious oscillations ~s~iated with the 
ex~fimental measurements in force are caused m~nly 
by vibrations o~u~g on the contact surface between 
the space frame ~d the moving ba~er. Both the com- 
puted and measured for~ levels experienced dr~tic drops T~ ~- 

~ a result of fracture at member 7 near the front end of 
the space t~e when subject~ to a side impact of 34 Figure 24. Lateral displacements vs. time and the total side 

crushes of Space Frame II at 34/h impact. 

Fibre 23 illustrates the compa~son of calculated and 
measured lateral vel~ities of the moving barrier and the 
space frame at its f~ side from the impacted area in the those computed and measured experimentally, the agree- 

c~ of the 34 ~m~ impact. As one can see, in the first ments are found to be much better as shown in Figure 

15 ms after impact, the calcNated velocities seem to be 24. It can be seen here that most of the intrusion occurs 

m good a~eement with experimental measurements, before the far side sta~s moving in rigid body motion. 

wNle somewhat l~ge discrepancies between them ~e ~e difference in lateral displacement between the impact 

pr~ent a~ the later time after impact, mainly because of side and far side is called side crash. In the case of the 
the assumption of peff~t contact (no separation allowed) 34 km~ side impact, the maximum side crash was about 
~ in the m~eL However, when the lateral displace- 26 cm. Similar computations have been done for Space 
merits, integrated from the velocities, ~e compared with Frame II subjected to a 90~ side impact by a moving 

ba~er at an impact speed of 24 ~. Figure 25 shows 
the comparison of lateral displacements between those 
computed and measured at the impact side and far side. 

28 ~e maximum side crush is about 14 cm. It should be 
_~F~LYSIS noted that the overall defo~ation modes of the space 

..... EXPERIMENT (P.O.~ £rames have been found to be quite similar for both 24 

24 ~. and 34 ~ rigid ba~er side impact velocities. 
~/MOV~NG B~RRIER Comparison of Static and Dynamic Force-Deflection 

~. Cu~es. One of the most convenient, commonly used 
" 20 -- " measures to characterize the c~sh strength of a structure 

has been the force-deflection cu~e. Therefore, the force- 
deflation cu~es of Space Frame II are presented in Fig- 

~ 16 ’- 
~’~ ~--" ure 26 to summarize its s~ctural responses to the three 

~ ~ ~ 
loading conditions considered here: 1) static, 2) 24 

>_ /~-~ 

~ km/h impact, and 3) 34 km~ impact. It can be seen that 
there is a great increase m force levels from the static 

"SPACE FRAME ~T FAR SIDE) 
40F            A~LYSIS 

�~ i - -EXPERIMENT {P.G.) / ~ ~ INPAC~D SIDE 

FAR SIDE 

10~ 
11 

0 10 20 30 40 

TIME {ms) ..... 
Tt~E 

Figure 23, Lateral velocities of the dgid moving barrier and    Figure 25. Lateral displacements vs. time of Space Frame 
Space Frame II after 34 km/h since impact,                II at 24 km/h. 
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""    STRAIN-RATE EFFECT) 

:/ ~ BOV    / <..~ ~ km/h (WITHOUT 

/        ... 

< I ,"1:’-- - -- " STATIC ~ / , t 
i:: i ~ ~ .... 

, SIDE CRUSH (cm) 
20~ : 

............ Figure 27. Comparison of dynamic force-deflection cu~es 
.......... / of Space Frame II at 34 km/h side impact ob- 

tained with and without strain-rate effect. 

0 5 i0 

SIDE CRUSH (cm) .... putedzed a~Mytica] tecS~i~e c~ be ~sed 
.......... able accuracy to compute t~e st~ctu~M ~es~o~se of 

Figure 26. Summa~ of the force-deflection cuwes of Space fr~es w~e~ s~b~ected to static o~ d~amic s~de 
Frame II for the loading conditions: I) static, 2) ~Jt~ t~is technique, tSe significant e~ect 
24 kin/h, and 3) 34 kin/h; rate sensitivity of steel on the dynamic force-deflectio~ 

cu~es of the space frames has been quantitatively deter- 
mined. 

loading to the 24 ~ impact, while only a slight increase 
in force levels is obse~ed from the 24 ~/h impact to 
the 34 ~ impact. Evidently, the relationship between ACKNOWLEDGEMENT 
static and dynamic force-deflection cu~es is not linearly 
related to the ~pact speeds. In general, it depends on The author wishes to express his appreciation to 
the structural geometry, the prope~ies of the structural Messrs. C. J. Griswold and T. Juechter of Fisher ~dy 
mate~als, and the loading speed. As demonstrated in this Enginee~ng for their cooperation and effo~ in 
study, the present computeNzed analytical technique can mental testing. 
be used to characte~ze the force-deflection cu~es of var- 
ious structures subjected to different loading speeds. Fur, 
the~ore, with tNs technique one can also study the effect ~EFE~ENCE~ 

of strain-rate sensitivity of material on the force-deflection 
cu~e. Figure 27 illustrates the force-deflection cu~ of 1. M. Monk, A. Burgett, and L. DeLay, "Comput- 

Space Frame II suNect~ to the 34 km~ side impact efized Side Impact Inju~ AnNysis," Proc~ings of 

obtained from the structural models with and without the Twenty-first Stapp Car Crash Conferen~, Oc- 

the strain,rate sensitivity effect of steel. It has become tober 1977. 
2. D. Cesafi, M. Ramet, and D. Her~-Ma~in, "Injury quite obvious that significant increases in structural re- 

Mechanisms in Side Impact," Proceedings of the sistance in dynamic load~g conditions are attributed to 
the strain-rate effect of steel. Twenty-second Stapp Car Cr~h Conference, Octo~r 

1978. 
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Application Of The Fiat Nethodology For Characterizing Vehicle 
Structural Responses in Side impacts_ 

L. M. "MORRIE" SHAW iNTRODUCTION 
Arndt & Associates 

For more than a decade automotive safety researchers 
CARL RAGLAND have recognized the significance of vehicle crash corn- 

National Highway Traffic Safety" patibility in evaluating vehicle crashworthiness within the 
Administration overatl accident environment. This problem is most evi- 

dent in the side impact environment where frontat struc- 

ABSTRACT 
tures engage side structures. The traditional methods for 
evaluating a vehicle’s crashworthiness in side collisions 

Over the past several years, Dynamic Science, Inc., have inctuded static loading tests such as prescribed in 
under funding from Fiat Auto S.p.A., deve!oped a meth- FMVSS 214 and moving barrier tests prescribed in 
odology for evaluating vehicle crash compatibility. The FMVSS 208 and SAE J972a. However these approaches 
ultimate goat was to provide compatibility characteriza- do not specifically address structural incornpatibiIity beo 
tion technology in the frontal, side, and rear impact en- tween front and side structures nor do they adequately 
vironments. The result of this research has been extremely define the intruding mechanisms for evaluating occupant 
encouraging, providing accurate analysis and predictive loading and injury. These limitations have prompted 
capabilities, as welt as justification of the methodology searchers to.study and recommend other testing and eva!- 
approach, uative approaches which more closely represent the crash 

Because of the increasing concern for vehicle crash dynamics and structural interactions associated with 
compatibility, the U.S. National Highway Traffic Safety traffic mix side impact encounters. To effectively manage 
Administration (NHTSA)acquired the Fiat Methodology such a complex interactive evaluation, it is necessa~ to 
in t980. The NHTSA then increased the funding of an concentrate on vehicle test and analysis techniques which 
ongoing program to apply the Fiat Methodology to a side consider all significant aspects of the crash environment; 
impact research program. Frontal and side structural In 1973, Fiat Auto S.p.A. and Dynamic Science, Inc: 
characterizations were used in the side impact analysis, began formulation of test and analysis techniques for eval- 

This paper summarizes the results from the above uation of vehicle crash compatibility. Since this initial 
NHTSA research program emphasizing the applicability forumlation, Dynamic Science, Inc., under funding from 
of the Fiat Methodo!ogy to the characterization of vehicte Fiat Auto S.p.A. developed a methodology for evaluating 
structural responses in side impacts. Validation of the vehicle crash compatibility. The ultimate goal was to pro- 
side structure characterization is discussed and presented vide compatibility characterization technology in frontal, 
along with comparisons between predictive analysis and side and rear impact environments. The results of this 
crash test results, research have been extremely encouraging--accurate 
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analysis and predictive capabilities have been deve!oped, tions between the test device and vehicle being char- 
as well as justification of the methodo!ogy approach~ acterized, and 

Because of the increasing concern for vehicle crash 3. Simulation, as closely as possible, of inertia reactions 
compatibility, the U.S. Nationat Highway Traffic Safety associated with vehicle-to-vehicle impacts. 

Administration (NHTSA) acquired the Fiat Methodology 
in 1980. With the recent emphasis on the vehicle side 

Of equal importance in the characterization test is the 
instrumentation of the vehicle being characterized° It 

impact environment, it became imperative that subse- 
quent development of the Fiat Methodology be concerned 

must adequately define the structural dynamics and in- 

with the front-to-side environment. The NHTSA then 
ertial reactions (including occupants, restraints, engine, 

increased the funding of an ongoing program (Reference 
suspensions, etc.) that characterize the vehicle’s response 
to the crash environment. The vehicle instrumentation is 

!) to initialize the application of the Fiat Methodology 
to side impact analysis. Both frontal and side structural 

dependent upon the impact mode (front, side, rear) and 

characterizations were used in this study, 
upon the vehicle’s design configuration. 

This paper surnmarizes the results from the above 
The second step of the Fiat Methodology was to de- 

NHTSA research program, emphasizing the applicability 
velop analysis techniques which would permit character- 
ization of a vehicle’s structural response to a crash test 

of the Fiat Methodology to the characterization of vehicle 
........ structural responses in side impacts. A companion paper, environment. This was accomplished by developing a data 

Reference 2, summarizes the applicability of the Fiat 
processing software package referred to as Computer Pro- 

Methodology for characterizing frontal impacts.The fron- 
gram A. As illustrated in Figure 1, Program A accepts 

tal characterization obtained in Reference 2 is used in the 
as input the kinematic and dynamic behavior obtained 
from the vehicle characterization test data, the vehicle 

vehicle front-to-vehicle side prediction presented herein. parametric data, and analytical model configuration. The 
program then processes these data to define the necessary 
structural properties of the general lumped-parameter ve- 

FIAT METHODOLOGY .APPROACH hicle model which are required to reproduce the given 
kinematic input. The end product is an analytical mode! 

Franchini (References 3 and 4) discussed and high- of the vehicle being characterized, asing full-scale crash 

lighted the Fiat Methodology in prior Experimental data. 

Safety Vehictes (ESV) conferences. However, it seems The third step of the Fiat Methodology was to develop 

appropriate to summarize the Fiat Methodology approach techniques which simulate crash encounters between 

prior to presenting the results used for the NHTSA study, characterized vehicles. This was accomplished through 

The Fiat Methodology has resulted in new test and the development of a software package referred to as 

analysis approaches and techniques for evaluating vehicle- Computer Program B. As illustrated in Figure 1, Program 

to-vehicle crash interactions. The research accomplished B accepts as input lumped-mass nonlinear spring model 

to date has resulted in the design and development of test representations such as defined by Program A output (or 

hardware, test techniques, data analysis software and other desired impact conditions) and computes the crash 

crash simulation software, along with validation of the response of the vehicles. Program B can atso be used to 

basic methodology. Figure 1 flow charts the basic engi- check Program A output by simulating the vehicle char~ 

neering approach and illustrates the coupling of experi- acterization test, thus providing model validation and a 

mental test data and analytical techno!ogy to define and means for model improvement. 

characterize a vehicle’s response to crash environments. Once a vehicle’s model characterization has been val- 

It was recognized from the beginning of the Fiat Meth- idated, it can be used to study structural crash interaction 

odology development effort that the results and analyses with other characterized vehicle structures or barriers. A 

must be based on experimental data. As illustrated in sufficient number of characterized vehicles representing 

Figure 1, the first step is a structural characterization test the traffic mix environment could then provide a data 

of the vehicle under the appropriate impact conditions, base for evaluating an individual vehicle’s structural 
crashworthiness compatibility with a traffic mix popu- For our research, this was accomplished through the use 

of a test device developed to enhance structural data lation environment. 

acquisition. The test device has been discussed and pre- 
sented by Franchini in References 3 and 4 and consists 

SIDE STRUCTURAL CHARACTERIZATION 
of a 36-module load-measuring moving barrier fitted with 
energy-absorbing honeycomb blocks attached to each 

In the Fiat S.p.Ao-sponsored Fiat Methodology devet- 
module. The purposes of the test device include: 

opment efforts, the Fiat 132 sedan was the primary eval- 
1. Simulation of the structural interface interactions uation vehicle. As a result, a considerable test data base 

involved in vehicle-to-vehicle encounters, had been generated for that vehicle in both the frontal 
2. Measurement of crash interface loads and deflec- and side impact configurations. The Fiat 132 was con- 

597 



EXPERIMENTAL SAFETY VEHICLES 

TEST TOOL VEHICLE 

~ 
ANALOG 

~ TAPE 

ANALOG TO 
TEST CONFIGUI~ATION~ DIGITAL 
VEHICLE PARAMETRICS 

CONVERTER 

Figure ~. ~iat metho6o~o~ a~roach. 
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sequently selected as the study vehicle for the NHTSA Table 1. Fiat test tool-to-Fiat 132 side characterization test, 

demonstration program (Reference 1). The Fiat 132 four- 

door sedan is a conventiona! front engine, rear wheel drive 
Fiat 132 test weight 2933 ]b (1330 kg mass) 
Fiat test tool weight 3995 tb (1812 kg mass) 

vehicle with a curb weight of approximately 2,380 pounds Test tool impact velocity 37.49 mph (60.33 kin/h) 
(1,080 kg). Fiat 132 velocity 0 

The Fiat 132 side structures characterization effort is impact orientation 90 degrees 

illustrated in Figure 2o It included full-scale characteri- ~mpact alignment Centerline of test tool 
aligned with Fiat 132 

zation testing, computer data processing, model devel- front seat "H" point 
opment, and mode! validation. The objective of this effort 

......... was to: 

1. Obtain crash test results from a test between the tool bullet vehicle and a Fiat 132 sedafi target vehicle. 

Fiat test tool and a Fiat 132 sedan in a 90-degree The test configuration was identical to that illustrated by 

side impact, Franchini in Reference 4. TaMe 1 summarizes the test 

2. Exercise Program A, with the test data as input, to conditions for this characterization test. 

define the analytical side characterization model for The Fiat 132 included fully instrumented driver and 
............ the Fiat 132, and left rear passenger Part 572 dummies and extensive ac- 

3. Provide, by exercising Computer Program B, with celerometer instrumentation. Interior door intrusion me- 

the Fiat 132 side model as input, a validation of the chanics were measured with deflection tubes mounted 

side model, across the occupant compartment. The deflection tubes 
were instrumented with accelerometers at the end of the 

StmcturN Characterization Test deflection tube, adjacent to the impact point, and deflec- 
........ tion potentiometers to measure the intrusion. This in- 

..... The Fiat test toolto Fiat 132 side characterization test strumentation scheme provided a means to check the 
involved a 90-degree side impact between the Fiat test measured door acceleration, through double integration, 

with the measured deflection tube displacement and oc- 
cupant compartment motion. The Fiat test tool carried 

~ 
....... 35 load cells along with string potentiometers for measo 

............ TEST~ 37 MPH I~VlPACT uring test tool honeycomb deflections and frame acceler- 
..... FIAT TEST TOOL TO ometers. 

FIAT 13Z SIDE 

i 
Structural Model Development and Validation 

The data from the Fiat test tool-to-Fiat 1~2 side char- 
acterization test were processed through a Class 60 diNtal 
filter and input, along with the Fiat 132 parametric data 

i 

~~ 

and representative model configuration, into Computer 
Program A. Because this work was the initial step in the 
application of the Fiat Methodology to side impacts, the 

~ above step was accomplished after much initial effort in 

~ FIAT 13 Z 
!~_--~~ 

defining the optimum mode! configuration and approach. 

~ [ SIDEMODEL J~ 

The output of Program A defined the interconnecting 
spring load deflection characteristics between the analyto 

| ical model masses. For the Fiat 132 characterization test, 

I the analytical model configuration, with respect to vehicle 
mass representations, is illustrated in Figure 3. This model 
incorporates both the Fiat 132 and Fiat test tool inertial 

i 
~ i] 

representations. 
I The Fiat !32 model, along with the interconnecting 

spring characteristics and the analytical model of the Fiat 
test tool were input into Computer Program B and ex- 

! 
|1 

ercised under the impact conditions of the characterizao 

m~_ 

tion test. This procedure validated the Fiat 132 analytical 
~ model by direct comparison of predicted and test results 

and provided an opportunity to fine tune the spring char° 
acteristics. It has been our experience that fine tuning, 

Figure 2. Flow chart of side structural characterization, following the initial Program B validation run, is normally 
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REAR                                                            60 
O PREDICTED ACCELERATION 

REAR 
PASSENGER 

AR 

~ 
-ZC Z0 40 60 80 i00 IZ0 140 

TIME -- MSEC 

Figure 4. Comparison between predicted and test results for 
the Fiat 132 compartment. 

Figure 3. Mode~ configuration for Fiat 132 side. 

confined to improvements in the definition of the ana- 
lytical spring unloading characteristics. This definition is         c~l~      J7/~’°-~ ~ ~ 

extremely sensitive to data inaccuracies near the end of 

the crash pulse. Other fine tuning should not be necessary " 

if test data retrieval is accurate. _ ~ ~ 
The results of the Fiat 132 side model validation are -z0 ~° 

summarized in Table 2. Figure 4 compares the predicted ~- O PREDICTEI~ ACCELERATION 

lateral compartment acceleration of the Fiat 132 to the ] [ 
actual test data. Figure 5 presents the corresponding pre- o zo 4o 60 8o loo lzo 14o 

dicted Fiat test tool ac~:eleration response. Figure 6 com- ~r~-MSEC 

pares the Fiat 132 compartment and Fiat test tool 

predicted velocity profiles to the test results. Figure 5. Comparison between predicted and test results for 

The difficulty of measuring interior door response dur- the test tool. 

ing side impacts has been established in several side im, 

pact programs, including the recent NHTSA program 

discussed in Reference 5. This is particularly true with 60 
1 1 1 I 

0 PREDICTED F!AT 13Z COMPARTMENT 90-degree impacts. Present accelerometers and data ac- -- a PR~Ic~o ~EST TOO’~ C! - 
quisition systems have been found to provide incorrect 

% 
| /~ 

Table 2. Fiat 132 side model validation results summary, z0 ~ ~ ~- 

Parameter Simulation Test data 
-’~’~"~ Bullet vehicle (test tool) 

weight (Ib) 3995 3995 
Target vehicle (Fiat 132) 
weight (Ib) 2911 2933 

zo o 
zo ~o 60 .o loo lzo 14o 

Bullet vehicle velocity TIME--MSEC 
(mph) 37.5 37.5 
Target vehicle velocity Figure 6. Comparison between predicted and test results for 
(mph) 0 0 the Fiat 132 compartment and test tool. 
Maximum dynamic mu- 
tual crush (integrated 
acceleration) (in.) 18.8 19.8 acceleration measurements without the aid of deflection 
Test tool velocity" 

tubes. Even with the use of deflection tubes, door response change at 100 msec 
(mph) 17.8 17.5 measurements are not always successful. Therefore, the 

Target vehicle velocity current generation of side impact models required some 
change at 100 msec data correction. The procedure for correcting deteriorated 
(mph) 23.8 22.4 door acceleration data was developed and defined as de- 
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6c , maximum mutual crush point is reached. As a result, 

.. [ direct comparison between predicted and actual data must 

be viewed with this problem in mind, and with common 
sense with regard to door dynamics. Figure 7 compares 

............................................... the predicted velocity profile for the Fiat 132 upper rear 
zc ~ ~ ~ door interior panel to the velocity measured in the char- 

acterization test, near the center of the panel. Figure 8 
shows the predicted intrusion history for the same loca- 

o pREDiCTOr w~ocrr~ tion compared to the corresponding deflection tube data. 
~---~-- The predicted velocity profile for the upper front door, 

z0 ~- .......... adjacent to the driver thorax is shown in Figure 9, along 0 Z0 40 60 80 100 lZ0 140 

rr~- MSEC with the test data just forward of the driver chest. Figure 
10 compares the corresponding predicted intrusion his- 

Figure 7. Comparison between predicted and test results for tory for this upper front door panel to deflection tube 
the Fiat 132 upper rear door velocity, data. 

The predicted velocity and intrusion profiles for the 
lower rear door of the Fiat 132 are shown in Figures 11 

and 12, respectively, compared to their corresponding test 
data. Similarly, Figures 13 and 14 compare the predicted 

O pREDICTED INTRUSION 
lower front door velocity and intrusion histories, adjacent 

0* 

to the driver pelvis, to test data. 
The predicted maximum dynamic exterior crush profile 

of the Fiat 132 during simulation of the test tool-to-Fiat 

0        ~0        40        60        80        I00       IZ0       140 ........ O PREDICTED llgTRUSION 
TIME -- MSEC 0 .... I 

8. Comparison between predicted and test results for ~’~ ........ Figure 
the Fiat 132 upper rear door intrusion.- 

60 

-15 

40                                                                                                              0         Z0         40         60         80        100        IZ0        140 
/1~ o    ~00~ TIME -- MSEC 

z0 ° ~ o/~,_ ~ ~.~o, o ~ Figure 10. Comparison between predicted and test results 
for the Fiat 132 upper front door intrusion. 

o zo 4o 6o 8o loo     lZO     14o ............ 

rrM~ - MS~C 

Figure 9. Comparison between predicted and test results for 
the Fiat 132 upper front door velocity, zo 

scribed in Reference 6. This analysis indicated that the 
severity of this acceleration response often causes satu- 
ration of the instrumentation and, in effect clipped a z0 
portion of the acceleration pulse, resulting in a shift in 
the integrated velocity profile by a constant delta velocity, 

rr~- ~s~c 

Correction requires a shift in the velocity profile to cor- Figure 11. Comparison between predicted and test results 
relate with the vehicle’s compartment velocity when the for the Fiat 132 lower rear door velocity. 
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gram B consisted of 58 degrees of freedom, including the 
~ 

__ - Fiat 132 side and the Fiat test-tool models. The results 
-- shown indicate quite respectable simulation accuracy, 

0 ~_,~-                                         particularly when considering the need to improve data 

quality for the door interior during full-scale tests. 
z 

~ VEHICLE FRONT-TO-VEHICLE SIDE 
~ -’° --- PREDICTIVE CAPABILITY 

-15 ~ The validated Fiat 132 side model and the validated 
ZO 40 60 80 100 1ZO 140 

Fiat 132 frontal model presented in Reference 2 were 
input into Computer Program B along with the initial 

Figure 12. Comparison between predicted and test results conditions associated with a Fiat 132 front-to-Fiat 132 
for the Fiat 132 lower rear door intrusion, side crash test (Reference 7) conducted under the con- 

ditions presented in Table 3. This effort is illustrated in 
Figure 17. The resulting simulation provided 57 degrees 

~0 ------ ! .................. ~ of freedom including both vehicle representations. Table 

~ -- 4 presents a summary of the predicted results compared 

~ ~:~------ ..... i        __ ___@____ 
to the actual test data. 

~ 

~ 

J---~ 
Figure 18 compares the predicted target Fiat 132 (side 

~ ~ ~j~,~_ , model) lateral compartment response to the actual test 
z0o 

~~ 
data. Figure 19 compares the bullet Fiat 132 (frontal 

~ -- -~--~-- model) longitudinal compartment response to the actual 
o ~’ ! ---~-    ~ -- test data. The predicted upper rear door interior velocity 

i    o ~c~ v~ocrr~l 
response is shown in Figure 20 compared to the test data 

_..___~--- _ I near the same location. The prediction for the upper front 
z~ ~o ~0 ~o ~0~ ~zo    ~40 door corresponding to that area adjacent to the driver 

Figure 13. Comparison between predicted and test results 
for the Fiat 132 lower front door velocity. 

Figure 15. Comparison between predicted maximum dy- 
4o namic exterior crush 28.0 inches above ground 

and post-test measurements for the Fiat 132. 

Z0 40                  60 80 100                 IZ0 140 

Figure 14. Comparison between predicted and test results 
for the Fiat 132 lower front door intrusion. 0 ~o~ ~c~ 

vertical stations in Figures 15 and 16. The actual post- ,o ~o ,o ....... 0 -~0 ..... 00 
test measured crush at locations near each of the predicted 
locations are shown in each of these figures for compar- 
ison: Figure 16. Comparison between predicted maximum dy- 

namic exterior crush 10.5 inches above ground 
The analytical model to obtain these results from Pro- and post-test measurements for the Fiat 132. 
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Tare 3. Fiat 132 front-to-Fiat 132 side impact test. 

Fiat 132 bullet vehicle (frontal) weight (Ib) 2823 

Fiat ! 32 target vehicle (side) weight (Ib) 2920 

....... Bultet Fiat 132 impact velocity (mph) 30.t 

...... Target Fiat !32 impact velocity (mph) 0 

Impact orientation (deg) 90 

Impact A~ignment Centerline of bullet vehicle aligned 6 
inches forward of Fiat 132 front seat "H" 
point 

Occupants 
Driver Both vehicles 

....... Left rear passenger Target vehicle 

...... Right front passenger Bullet vehicle 

Table 4. Fiat 132 front-to-Fiat 132 side predicted crash re- 
sults summary. 

........ Parameter Simulation Test data 

Bullet vehicle weight 
(Ib), Fiat 132 front 2798 2823 
Target vehicle weight 
(Ib), Fiat 132 side 2912 2920 
Bullet vehicle velocity 
(mph) 30.1 30.t 
Target vehicle velocity 
(mph) 0 0 
Maximum dynamic mu- 
tual crush (integrated 
acceleration) (in.) 24.3 2&3 
Velocity change at 120 
msec (from accelerom- 
eter data) 

COMPARISON Bullet vehicle (mph) 18.1 !7.9 

._~ 

Target vehicle (mph) 17.5 1&5 

Figure 17.diction.Fl°w chaA for vehicle front to vehicle side pre- 
~# 0~T_--"~ 

300 

0                 ZO               40                60                 80               lO0              ~0 

&~ zoo 
] MORON OF CG OF OCCUPANT COMPARTMENT 

o , Figure t9. Comparison be~een predicted and test results 
~ ..... 

~ 
for the Fiat 132 bu:leI compa~meat 

a ,’~:LOCm" thorax is shown in Figure 21 along with the corr~F~nding 
’ J ..... ~ measured data just fo~ard of the drivers chest. 

:-~ ~, ~,o s0 :0o :z0 :40 Figures 22 and 23 compare the predicted m~imum 

~ - ~s~c dynamic exterior side crash profil~ fbr two different ver~ 
~:o~o~ ~-<.~,- :,o~:,,-:o:,:~ :~/:~ tical locations on the Fiat 132 ~rget vehicle to the post- 

Figure 18. Comparison be~een predicted and test results t~t measured defo~ation profiles. Figure 24 presents 

for the F~at ~ 32 target compa~ment the predicted Fiat 132 bullet veNcle maximum dynamic 
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tions nearest to the simulated locations. The generation 
~oo ......... 

T of the model from test data and the comparison of pre- 

p PREDICTED VELOCITY [ dicted results to test data highly depend on our ability 

/~--~-! l I ~ 
to obtain and accurately measure interior door responses. 

450 .................. 

) I---~1~o ......... ~- --~%~f°: I ~    o 
’,~ Previous Fiat Methodology research had concentrated 

.............................. on the characterization and predictive capabilities asso- 

~]] 
~ 

ciated with front-to-front collisions. The success of this 
prior work was demonstrated in the results presented in 

o 
z0 4o 60 so lo~ IZO a companion paper (Reference 2). The predictions for 

~.~E - MSEC both the test tool-to-Fiat 132 front validation simulation 

and the Fiat 132 front-to-front simulation presented in 

Figure 20. Comparison between predicted and test results Reference 2, were well within the accuracies obtainable 
for the target Fiat 132 upper rear door velocity, within state-of-the-art in test data acquisition and man- 

ufacturing tolerances. 

6oo The work reported herein initiated an investigation into 

l    T    [    [    ] the side impact problem utilizing the Fiat Methodology, 

~ /I    OIPREDICTED~ ~~°crrv     / test too1, and computer analysis procedures. Although 

4s0 ....................... 

!,i~/i~----~~ ............... .i .......... 
@, ~ ~--@---~.’~ 

the side impact problems, from a structural point of view, 

o~ ~ ~ i~z~,% ! 
are much more difficult to define than the frontal impact 

~ o~- "- x,,...~ ~ .~ 
problem, the results obtained from the Fiat Methodology 

~00 for side impact simulation were quite impressive. This 

Ol]! o1~/ .~ o--! ~ wasparticularlytruewhenconsideringtherelafivelyshort 
If k ~ ! ! period devoted to its development as compared to the ~ 50 ...................................... ~ 

o~ ........ 
~ 

time devoted to the frontal problem. The most difficult 

/ [,il/        ] 
problem faced in the development of the side structures 

0 
z0 ~0 60 ~0 100 ~zo model concerned the utilization and application of the 

TIME -- MSEC 

l PRE-TEST CONFIGURATION 
- - - POST-TEST CONFIGURATION Figure 21. Comparison between predicted and test results ~ ~ PREDICTED MAXIMUM CRUSH 

for the target Fiat 132 upper front door velocity, zo. . 

FRONT VEI~CLE CENTERLrNE REAR 

40-I I-- PRE-TEST CONFIGURATION 
~ ~ - POST-TEST CONFIGURATION -Z0 

I ~- PRNDICTED MAXIMUM CRUSH 

~0    ~’0    ~b    io ’ o ’ -zo -40 -~o    -s0 -~0o 

~ 
-zo~ Figure 23. Comparison between predicted maximum dy- 

,< ~..---~’"" - namic exterior crush 28.0 inches above ground 
~o4--,--.. , ,., { _ and Post-test measurements for the target Fiat 

II0I 0 PREDICTED MAXIMUM EXTEP~IOR CRUSH Figure 22. Comparison between predicted maximum dy- ~ --PRE-TESTCONFIOURATION O namic exterior crush 28.0 inches above ground ~ I .... POST-TEST CONFIGURA~ON I 

IZO ~.. ~ ..... and post-test measurements for the target Fiat ~ 
132. ~ ....... "o "-- ~- o 

130 ’ 
exterior crush at 28 inches above the ground level corn- ~o ~0 z0 ~0 o -10    -z0 -~o 

pared to post-crash measurements. STA~O~ PROM CE~RL~ o~ wmc~.E - 

In presenting and comparing the predicted results with 
Figure 24. Comparison between predicted exterior front the front-to-side impact test results, test measurement 

crush profile for a height of 28.0 inches above 
locations and simulation panel locations did not perfectly ground level and post-test measurements on 
coincide. Thus, comparisons are based on data for loca- bullet Fiat 132 vehicle. 
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full-scale side impact test data. Due to the present diffi- The objective of the Fiat Methodology is to provide a 

culfies in instrumentation and acquisition of interior door means by which vehicle response interactions can be de- 

data (on the impacted side), the accuracy and reliability termined with minimal testing requirements. The ability 
of these data is compromised. This often required cot- of the Fiat Methodology to accomplish this goal in the 

rection of door data to correlate with the laws of structural future for the side impact environment was clearly dem- 

mechanics and physics. Such corrections can be somewhat onstrated. The problems identified in this analysis are felt 

subjective. Since these data are the basis by which the to be solvable and within state-of-the-art in electronic 

vehicle structure is characterized, the accuracy of the side measurement technology. 

rnodel presented herein is somewhat impaired by these 
problems. 

During prior Fiat compatibility research, it was found 
that the development of the Fiat Methodology’s predictive REFERENCES 
technology was evolutionary in nature--the achievement 
of a certain level of model sophistication resulted in im- 1. Shaw, L. M., Knight, R. E. and Trudgen, A. C. "Ap- 

proved modeling and characterization techniques. The plication of the Fiat Methodo!ogy to Vehicle Side Im- 

............. side impact characterization results presented in this pa- pact", Report Number to be Assigned by the National 

........... per represent the initial application of the Fiat Method- Highway Traffic Safety Administration, Contract 

ology to the side impact crash response problem. Number DOT-HS-8-01933, Modification Number 4, 

Continued work should provide improved data acquisi- Dated September 1981. 

tion techniques and structural model representations. 2. Shaw, L M., Ragland, C., "Application of the Fiat 

The present state-of-the-art in accurate side impact Methodology to the Characterization of Vehicle Struc- 

......... characterization is primarily limited by the quality of the tural Responses in Frontal Impact", Ninth Interna- 

........... data. It was observed that, for those areas of character- tional Technical Conference on Experimental Safety 

ization where the test data were representative of actual Vehicles, Kyoto, Japan, November 1 through 4, 1982. 

responses, the simulated responses compared well with 3. Franchini, E., "Fiat Technical Presentation", Sixth 

actual responses. This does not imply that the analytical International Technical Conference on Experimental 

representation of the side impact model cannot or should Safety Vehicles, Washington, D.C., U.S.A., Pages 129 

.......... not be improved. However, improvement could be through 157, October 12 through 15, 1976, 

........... achieved more readily with improved test data. 4. Franchini, E., "Side Collision", Seventh International 

It is recommended, for future efforts, that a high prior- Technical Conference on Experimental Safety Vehi- 

ity be given initially to improving the instruments, data cles, Paris, France, Pages 456 through 476, June 5 

acquisition, and instrumentation procedures for obtaining through 8, 1979. 

the interior door response of side impacted vehicles. Many 5. "Countermeasures for Side Impact", Contract No. 

approaches have been explored in the past, including in- DOT-HS-9-02177, National Highway Traffic Safety 

....... stallation of accelerometers on mechanical filters and uti- Administration. 

lization of various types and brands of accelerometers. 6. "Countermeasures for Side Impact", Monthly’ Prog- 

The most successful approach has been to install the ress Reports of Contract No. DOT-HS-9-02177, Na- 

accelerometer on a deflection tube which is also instru- tional Highway Traffic Safety Administration. 

merited for measuring deflection. This provides a meas- 7. Shaw, L. M., Knight, R. E., and Rodack, M., "Report 

urement of door response in the lateral direction only, of Test 8333-1; Fiat 132 Front-to-Fiat 132 Side Im- 

and results in a realistic interior door acceleration profile pact," Contract No. DOT-HS-8-01933, Modification 

while providing a deflection measurement which can be No. 4, Dynamic Science, Inc. Report No~ 833-80-073, 

used to validate and/or correct the acceleration data. March !980. 
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Technical Session No. 4 
Accident Data Collection and Analysis 

Prof. Dr. Bernd Friedel, Chairman, Federal Republic of Germany 

Review of MOT Vehicle Accident investigation in Past Seven Years __ 
KOSHIRO ONO                                   Plan. for Future Motor Vehicle Safety Standards" [1] to 

dapan Automobile Research Institute, Inc. the MOT (the Ministry of Transport). Based on this rec- 

TAKASHI SATO ommendation, the MOT initiated its investigation and 
analysis in 1973 regarding actual conditions of motor 

Traffic Safety and Nuisance Research vehicle accidents, and has been striving for the improve- 
 nstitute, Ministry of Transport merit of motor vehicle safety through detailed analyses 

for the clarification of relationship between vehicle con- 

ABSTRACT struction/interior parts and components and injuries of 
human body, and the reinforcement and evaluation of 

In order to upgrade present motor vehicle safety stand- future safety standards. 

ards, the M~stry of Transport initiated its motor vehicle Situations surrounding motor vehicles, however, 

accident "on the scene investigation" since 1973, with the changed drastically since the first recommendation due 

purpose of collecting fi~ctual data. to the popularization of motor vehicles and expansion of 

This investigation is being carried out by the accident highway systems, etc. In this regard, the Council for 

investigation teams of the Traffic Safety and Nuisance Transport Technics submitted its second recommendation 

Research Institute of the Ministry of Transport and Japan in October, 1980, in which the Council pointed out that 

Automobile Research Institute in cooperation with the the ongoing system employed and contents of the inves- 

National Police Agency and Medical Association of Ja~ tigation and analysis done so far should be improved and 

pa~. Regions of Ishikawa, Saitama, Ibaraki and Okayama strengthened [2]. 

Prefectures were selected as investigation areas. This investigation and analysis have been continued by 

Particular accidents were subject to investigation ac- the MOT as one of the measures taken in series in order 

cording to the following: a) aspects of accident reflected to attain objectives and targets in the first and second 

on the current safety standards were inadequate; and b) recommendations [3]. Accidents covered by this investi- 

occupant injuries were presumably caused by motor veo gation for a period of seven years from !973 to 1979 

hicle interior parts. Every year approximately 50 cases totaled to 396 accidents consisting of 207 vehicle to 

were investigated, and vehicle accidents covered by this hicle (fourowheeler to four-wheeler) headoon, side and 

investigation up to 1979 consisted of vehicle to vehicle rear-end collisions, 42 single vehicle (four-wheeler) 

head-on collisions (39 cases), side collisions (92 cases), cidents and 147 four-wheeler to motorcycle, moped, 

rear~nd collisions (76 cases), single vehicle collisions (42 cycle or pedestrian accidents. 

cases) and vehicle to motorcycle, bicycle or pedestrian !n this paper, the present status of the investigation 

accidents (147 cases), and analysis carried out since 1973 will be given, and the 

Methodology and resutts of this investigation wilt be outline of findings of the investigation on 249 accidents 

presented together with the summary of 249 cases of involving 486 vehicles, out of the total accidents covered 

vehicle to vehicle and single vehicle to object accidents, by the investigation, will be described. In addition to the 

For passenger cars and light vans, the relationship among above, investigations were made for passenger cars and 

impact speed, vehicle interior parts/components and oc- light vans regarding the distribution of striking speeds, 

cupant injuries by the principal direction of force are the tendency of occupant injuries against the equivalent 

derived. Studies have been also made on effects of injury barrier speeds (the speeds converted into corresponding 

reduction measures according to the relationship between values for barrier impact tests), relationship between 

the EBS (~uivalent Barrier Speed) and occupant injuries, hicle interior parts/components and occupant injuries, 

by means of vehicle model year classification, and the relationship between vehicle interior deformations 
and occupant injuries, based on the principal direction of 
force by general area of damage, the striking speeds 

INTRODUCTION and/or the equivalent barrier speeds. Studies have been 
also made on effects of injury reduction measures aco 

In September, 1972, the Councit for Transport Technics cording to the relationship between the equivalent barrier 
submitted its first recommendation entitled "Technical speeds and occupant injuries, by means of vehicle model 
Measures for Safety of Motor Vehicles~First Program year classification. 
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PRESENT STATUS OF THE INVESTIGA- during daytkme, or "trace" investigation for accident 

TION AND ANALYSIS that had occurred during the previous night. In case 
of a scene investigation, the local police informs the 

This investigation is being carried out by joint efforts investigation team that an accident has occurred, then 

of the accident analysis team of the Traffic Safety & Public the team goes to the accident scene to check on the 

Nuisance Research Institute of the MOT and the accident accident conditions so as to decide whether the 

investigation team of Japan Automobile Research Insti- cident should be included as an object of the inves- 

tute (JARI) under the joint cooperation of National Police tigation. At the accident scene, traffic and road 

Agency, the Mi~dstry of Construction, Japan Medical conditions as well as accident vehicles will be inveso 
......... Association, Japan Automobile Manufacturers Associa- tigated, and people involved in the accident will be 

.......... tion (JAMA), etc. interviewed, etc. If any casualty has occurred, the 
team goes to the hospital and checks on the contents, 

(1) Objectives of Investigation: To grasp actual condi- severity, etc. of injuries. In case of a trace investi- 
tions of traffic accidents accurately, and to make de- gation, the local police informs the team that an aco 
tailed analyses on the correlation between damageable cident occurred the previous night, and the team 
objects attributable to the vehicle construction and considers whether the accident should be included in 
injured physical regions of occupants, severity of in- the investigation. Then the team goes to the accident 
juries, etc. in order to contribute to the reinforcement scene, traffic and road environments are checked, and 
of motor vehicle safety standards through findings of accident vehicles are investigated at the repair shop, 
the investigation and analysis. Further, re-evaluating etc. to which the vehicles were moved. Interviews are 
each item of the safety standards already put into then made at the hospital with injured occupants and 
effect, and verifying the effects of such standards in doctors in charge, in order to check contents, severity, 
order to feed back the results of such studies to the etc. of injuries. The outline of accident investigation 
safety standards, system on the scene is shown in Figure 1. 

(2) Areas and Durations of Investigations: In investigat- (5) Investigation Items and Data Collection Form: In 
ing accidents, it is necessary to carry out investiga- order to obtain effective data for the safety of motor 
tions at actual scenes of accidents in order to gather vehicles and injury reduction measures in particular, 
necessary information of actual accident conditions it is necessary to check on behaviors of vehicles before 

: and check on contents and severity of injuries, etc. and after the accident as well as damages of vehicle 
in addition to the detailed investigation on vehicle construction/parts and components, in order to make 
damage conditions. Due to the above, areas and du’ a detailed analysis on the relationship between the 
ration of such investigations were set on a premise injuries of occupants, etc. and the parts or compo, 
that thorough cooperation would be given by local nents which injured the occupants upon collision. In 
police, medical associations, etc. Areas covered be- this regard, investigation items shown in Figure 2 are 
tween 1973 and 1979 were Ishikawa, Saitama, Ibaraki        required. The data collection forms are made available 
and Okayama Prefectures. The duration of investi- in seven kinds so that such forms may allow not only 
gation was set as one month between August and the investigation of conditions of vehicle construc- 
September of each year, which was repeated for con- tion/parts and equipment, determination o.f the cor- 
secutive two years for each area. relationship between the parts and components which 

(3) Types of Accidents Subject to Investigation and injured the occupants and the physical regions of 
Number of Investigations: Casualties and vehicle occupants that are injured, but also traffic environ, 
damages of passenger cars and trucks were subject to ments upon accident. The outline of the seven kinds 
investigation. Emphasis was placed on the investi- 

of data collection forms is as followso 
gation on accidents in which the relationship between 
the vehicle construction/interior parts and compo- 
nents and injuries appeared to be significant, and 
accidents that seemed to be useful for the verification OUTLI NE OF ALL VEHICLES SUBJECT TO 
of effects of motor vehicle safety standards and reg, THE INVESTIGATION 
ulations. The number of investigations per year was 
set as 50 to 60. Number of Accidents Subject to the Investi. 

(4) Investigation System: An investigation team consist- 
gation Classified by Fisca  Years and Areas 

ing of 5 to 6 persons stayed at the designated police The number of accidents classified by fiscal years and 
station in each area throughout the investigation pc- areas is shown on Table 1. As for the number of accidents, 
riod, from 8 o’clock in the morning to 6 o’clock in some differences are observed from year to year, ranging 
the evening. No investigation was made at night. Such from 51 accidents in 1974 to 65 accidents in 1976, which 
investigation was, therefore, in the form of "scene" are attributed to different numbers of accidents in differ- 
investigation at the site of accident that occurred ent areas: Numbers of accidents classified by types of 
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Col lection of 

injury data 

~ 
Hospital 

,lurisdical Someone informs pol ice of accident 
police (Emergency No, llO called) 

star ion i~ Ace ident 

the investigation Accident dealing police team goes re the scene 

@ 
(~,~ction ,?f ] Repair Shop 

Police infor~s 
dat~n acci- 

the investigation team d~nt vO~icles 
of the accident 

ere. 

I,o al pol i<e 

Ac~ ident 

iaw, st:igation ~ investigation team goes to the accident scene ~ 
team stands-by                 (The team goes to the scene if t:hey judge that the accident 

should be included in the investigation} 

Note: Figures in circle represent the secuential order of 

a~.’tions of the investigation team. 

Figure 1. Outline of accident investigation system on the scene. 

Fype 
of accident ] 

0 u n                                                          ](Accident pattern)          I          I          (Note:l) 
CC pa t I[ ~ Vehicle 

RI~ 
][ 

~ 

I 

Riding capacity, 

~I 
~ ( .... truction, parts & c~p .... ts) I] 

l--l]] Vehicle 

Type of road[ 

~ " " g cap city, R~d~idthI 

actual number of actual number of 
occupants & vehicle occupants & vehicle 
weight (Note:2) Speed limit] weight (Note:2) 

I [ Model y ..... tc.~ [ .... 

[ 

---~Model y ..... 
~ Weather, 

~ln~u~dregion~--J ~---~Damaged .... 

~ 

direction)°fPrincipaldirecti°n[f°rce (Impact 

qDamaged .... 

Oam ge ew"  l 
~ (J-~S) l     (Max. in]fusion [ 

[ Striking and/or ] ~ I etc.)l struck speed 

(Notes) i, Items listed within dotted line do not apply ~o pedestrians’ accidents 
and single vehicle accidents. 

2. The actual number of occupants upon accident. 

Figure 2. Elements of motor vehicle accident analysis mainly for injury reduction. 
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Table 1. Outline of all accidents investigated in past seven years¯ 

Items                            Year               ~73            ~74            ’75            ~76             t77            ’78            ~79 

Kanazawa City Aged Cl[y Tsuchlura City Okayama City 
Total Investigation area Ishlkawa Pref, Saitama Pref. Ibar~ ii Pref. Oka~a~a Pref 

~i Vehicle to Vehicle Read-on collision 6 (10.3Z) 3 (5.9Z) 2 (3.6Z) 4 (6.2Z) 9 (15.0Z) 14 (25,9Z) I (l.gz) 39(9.8Z) 

m ~ (Four-wheeler to     Side     co111slon 
9 (15.5Z) 14 (27.5Z) IO (18.2Z) 17 (2.6Z) 16 (26.6Z) 16 (29.6Z) IO ~18,9%) 92~23.2Z~ 

~ ~ four-wheeler) Rear-end eolllslon 27 (46.6Z) 5 (9.8Z) 12 (21.8~) 7 (I0.8%) 9 (15.0Z) 9 (16,7Z) ? (13.2%) 76(19.2Z) 

~ ~ Single vehlcle aeeldent 2 (3.5Z) 7 (13o7Z) 3 (5.5%) 4 (6.2Z) 6 (IO.OZ) II (20.4%) 9 (17.OZ) 42(IO.6Z) 

~ Four-wheeler to motorcycle, moped 
~ or bicycle 4 (6.9Z) 8 (15.6Z) 24 (43.6%)i 22 (33.8~)" 13 (2107Z) 3 (5.6Z) 20 (37.7Z) 94(23.7~1 

~ Vehlcle to pedestrian IO (17.2Z) 14 (27.5Z) 4 ( 7.3Z~ 11 (16.9Z) 7 (~1.7%) I (I.gz) 6 (11¯3Z) 53(13.5Z) 

Total 58 (I00~) 51 (I00%) 55 (lOOZ) 65 (iOOZ) 60 (100%) 54 (I00%) 53 (I00%) 396(I00%) 

~ Passenger ears 70 55 51 62 59 65 42 404 

~ ~ Light vans 19 i0 I0 14 2 7 72 

~ Trucks 15 I0 23 26 28 32 23 157 

........ ~ ~ Others ~ire tru~k) 
- I (Bus) I (Bus) 4 

Total II0 83 108 121 114 103 92 231 

~ ~ Drivers & other occupants 173 127 151 182 163 181 92 1069 

~ Pedestrians (Includlngmotore~clel 
~ moped riders & eyelists~ 

17 25 31 35 21 4 27 160 

~ ~ Total 190 152 182 217 184 185 119 1229 

......... (fatalities) I (0.5%) I (0.6%) 8 ( 4.4%~ 12 I 5.5%~ 5 ~ 2.7%) ~ ~ 3,3Z) 6 (5.0%) 39( 3.2ZJ 

~ ~ 
No. of injured 81 (42.7%) 86 (56.6%) 98 (53.8%) 89 (41.0%) 97 (52.7%) 126 (68.1Z) 71 (59.7Z) 648(52.Y~) 

~ ~ 108 (56.8%) 65 (42.8%) 76 (41.8) 116 (53.5%) 82 (44.6%) 53 (28.6%) 42 (35.3%) 542(44.1%) 

~ 
To~al 190 (100%) 152 (100%) 182 (100%) 217 (100%) 184 (100%) 185 (I00%~ 119 ~I00%) 1229(i00%) 

accidents are as follows; vehicle to vehicle (four-wheeler that of the following section in order to analyze the re- 

to four-wheeler) head-on collisions 92, rear-end collisions lationship between vehicle structures and occupant in- 
76, vehicle single accidents 42, four-wheeler to motor- juries. 

cycle, moped or bicycle 94, and vehicle to pedestrian Numbers of vehicles and component ratios classified 

accidents 53, which totalled to 396 accidents. Number of by principal direction of impact force and general area 

vehicles involved in accidents is 731, while the number of damage are shown in Figure 3. Frontal collisions (11, 

of persons involved in accidents is 1,229. Data classified 12 and 01 o’clocks in terms of principa! force of direction 

by years and types of accident show that rear-end colli, and general area of damage) amounted to 276 vehicles 

sions in Ishikawa Prefecture in 1973 are greater in number (56.9%), rear-end collisions (05, 06 and 07 o’clocks) 
than any other prefecture and year. This is explained by amounted to 87 vehicles (17.9%), right side collisions (02, 

the fact that Ishikawa Prefecture is located in the Ho- 03 and 04 o’clocks)amounted to 50 vehicles (10.2%), left 
kuriku District (northern part of Japan facing the Sea of side collisions (08, 09 and 10 o’clocks) amounted to 44 
Japan) and the investigation was made in January when vehicles and others including roll-overs amounted to 29 

roads were snowy and vehicles were apt to slip, easily vehicles (5.9%). The comparison by the principal direc- 
causing rear-end collisions. Taking account of the situa- tion of force and general area of damage shows that frontal 
tion mentioned above, investigations in 1974 and subse- and rear-end collisions account for about 75% of the totai. 

quent years were done during summer from August to For the classification of principa! direction of force and 

September~ general area of damage, "Collision Deformation Classi- 
fication (CDC)" by SAE 3224 was employed [6]. In the 
CDC classification, the primary collision and the sec- 

Number of Vehicles Classified by Principal ondary collision are distinguished for both striking vehicle 
Direction of Impact Force and General Area and struck vehicle, but the classifications are all made by 

of Damage the primary collision in Figure 3. 

While accidents investigated in the past seven years 
including accidents of motorcycle, mopeds, bicycles and Occupant Injuries Classified by Principal Di- 
pedestrians that amounted to 396, accidents of two-wheel- rection of Force and Genera~ Area of Damage 
ers and pedestrians are excluded where as only four- 
wheeler to four-wheeler accidents and single four-wheeler The number of occupants on the 486 vehicles concerned 
accidents are included in the analysis of this section and amounts to 844. Numbers of occupants and component 
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~ On the other hand, the comparison of numbers of in- 

202 jured occupants shows that occupants injured by frontal 
(41.rz) and rear-end collisions amount to 372 against the total 

524 occupants injured, accounting for 7t% or so, while 
right and left side collisions account for 22% of the total 
117 injured occupants. 

ANALYSIS OF ACCIDENTS IN WHICH 
PASSENGER CARS AND LIGHT VANS 

~ 4~ 

WERE INVOLVED 

In this section the relationship between motor vehicle 
construction/interior parts and components and occupant 

12//r ~ \\,8 injuries will be analyzed based on the principal direction 
......... / of force by general area of damage, striking vehicle speeds 

f:q I:o:  1 and equivalent barrier speeds. Small passenger cars, light 

~    ~ i~    ~.~ ~ ~ vans and ordinary passenger cars with relatively high 
............. ,:~ vehicle and occupant component ratios (68% of all ve- 

~ ’~" ........ ~ ~ 
hicles, and 73% of occupants) without substantial differ- 

e 

ences in vehicle weight and construction are focussed for 
this analysis. 

~ 81. ~ Rol 1-over, 349(42.3%) 

~I I unknown,ere, : 29 vehicles 

~ otal number ol vehicle : 486 ~ Iss 0 (in~act) 

F~gures in parentheses represent 
respective component ratios. ~ Iss 1-5 

Figure 3. Number of vehicle and component ratios classified ~1 ~ss ~-~ 
by principal direction of force & general area of ~ ,SS 16-20 

damage~ 

ratios of injury severity scores classified by princip!l di- 
rection of force and general area of damage are shown 
in Figure 4. Numbers of occupants injured and rates of 
iNuries according to the above classification are as fol- "-~) 
lows; in the case of frontal collisions, those injured 
arnounted to 284 persons against the total number of 472 
~upants, accounting for 60% or so; Ibr rear-end col- 
lisions, those injured were 88 persons out of 132 occu- l,(~.0~ 

pants, accounting for about 67%; for right side collisions, 
ii~T 

69 ~rsons out of 90 occupants, accounting for about 
77%; in the case of left side collisions, 48 persons out of 
81 occupants, accounting for 59% or so; and for others ~0.~ I , 
including roll-over accidents, 35 persons out of total oc- 
cupants of 68 persons, accounting for about 52%. Com- 
parisons of injury rates show that rates of occupants . ...... b~ 

injured by right side and rear-end collisions are greater ISS0:32 P ...... 
1SSI-5:31 Persons 

by 5 to 15% than those injured by frontal collisions. ,~-10:~ ....... 
ISS[I-I5:1 Persons 

Severities of occupant injuries in terms of the i ry rates 
~ss~ 

Total number of occupants : 844 
of severe injuries exceeding ISS 21 are also compared as 

follows: frontal collisions, 12% or so; rear-end collisions, 
r ....................... ~o~. 

approximately 1%; right side collisions, about 17%; and 
left side collisions, 7% or so, indicating that the incidence Figure 4. Number of occupants and component ratios of 
rate of occupant severe injuries is the smallest for rear- injury severity scores classified by principal direc- 
end collisions, tion of force and general area of damage. 

610 



SECTION 5: TECHNICAL SESSIONS 

Distribution of the Striking Vehicle Speeds l) Frontal collisions (including single vehicle acci- 
dents) amount to 63 vehicles, and the striking ve- 

Cumulative incidence rates of striking speeds for small hicle speed on the 50% line of the cumulative 

............. passenger cars involved in frontal collisions (11, 12 and incidence rate is 40 km/h or so. 

01 o’clocks) according to the classification by kinds of 2) Of all side collisions, vehicles with their front ends 
vehicles are shown in Figure 5. The speeds shown in the collided against sides of other vehicles amount to 

figure represent speeds immediately before collisions, and 68. At the cumulative incidence rate of 50% line, 
the figure is an analysis based on the lengths of vehicle the striking vehicle speed is about 30 kmih which 

slip traces before and after the collision, angle of collision, approximates with the distribution tendency of the 

.......... anaounts of vehicle damages, etc. The table in the figure overall striking speed. 

indicates numbers of incidences classified by striking ve- 3) Of all rear-end collisions, vehicles with their front 
hicle speeds. Al! vehicles involved in frontal collisions are ends collided against rear-ends of other vehicles 

either small passenger car/light van or ordinary passenger amount to 37, and the striking speed on the 50% 

car (L’acluding single vehicle frontal collisions). For side line of the cumulative incidence rate is 20 km/h or 

and rear-end collisions, the principal direction of force of so. 

vehicle is either 11, 12 or 01 o’clock. In case of multiple 
collisions, the primary collision is subject to the analysis. 
Data of 168 vehicles involved in frontal collisions class- 
ified by types of accidents are arranged and the cumulative 
incidence rates of striking speeds are shown by the dotted Severities of Occupant injuries and Equivao 
line. The speed around 50% line of overall cumulative lent Barrier Speeds 

....... incidence rate of impact speeds is approximately 
It is not appropriate to compare severities of occupant 

....... 30 kin/h, while the tendency of the distribution of strik- 
injuries based on the quantity of impact on the vehicle 

ing vehicle speeds classified by types of accidents is as 
caused by collision and the injury of the occupant, using 

stated be!ow, the striking speed alone, since the quantity of impact on 
each vehicle differs according to the direction of impact, 

~h[ 
weight of the other vehicle, rigidity of the struck member, 

; ; 7 7 ~ 7 ~ 7 7 ;- 7 ~ - S ~ - - ,3 etc. even if the striking speed is the same. In this section, 

~ ~ ~ ;- ~ ~ ~ d , 6 7 ~ 7 ? i 6~ the relationship between the quantity of impact on the 
~ ~0 ~ ~ ~ ~ ~ ~ ~    ~ ~ ~ vehicle and the injury severity wit1 be studied, for which 

SVS : Striking Vehicle Spee~l FE : Fron~ end 

.................... equivalent barrier speeds converted for barrier impact 
TOA Types of Accidents 
.................... ~ ........................... do,,~o~ tests that represent actual effective values of striking 

Vehicles with ~heir front ends collided against other vehicles ................. speeds are used as an indication for the quantity of impact Vehicles wlth ~helr fro~ ends e’ollided agains~ sides of other vehicles 
RC : Rear-end coll~sions 

Eq ...... v ........... h ~he~ ........ a ............ i ............ ~o~h .......... on the vehicle, uivalent banier speeds are calculated 
by using relationship among momentum conservation 

~= ~00,                                               law, kinematic energy conservation law, vehicle defor- 

~ ~ ~z~o--o 
marion and the quantity of energies absorbed. 

~ zx ~.8" Figure 6 shows the relationship between the severity 
~ ~ g . Frontal collisions 

Of the maximum injury of the occupants of small pas- 

~ 
~ ~, o sia~ ~o~li~io,~ senger cars, ordinary passenger cars and light vans, and 

~ ~ zx ~ ...... d oo~i~io~ the cumulative rate of equivalent barrier speeds. These o z~ o/ 
are 153 vehicles (occupants concerned are 153 drivers), ~ 50 ~     / .... Distribution of / 

~ ! " striking ~p~d~ o~ out of all vehicles shown in Figure 5, for which equivalent 
~ 

&    ~ all vehicles 

~ ,. o, ¯ barrier speeds are calculated. The table in the figure in~ 
/* dicates the number of incidences of the maximum injury ~ 

~ (J-AIS). From this figure, it is found that th~ occupant 
"~/ injury tendency against the equivalent barrier speeds is 

as follows. 
~0     ~o     ~0     ~o    ~0o                    1) In a collision where the driver is not injured, the 
Striking Vehicle Speed (Km/h) 

speed at which the cumulative rate reaches 50% is 
7 km/h or so. Likewise, the speed is 15 km/"n for 

Figure 5. Cumulative incidence rates of striking speeds of minor injuries (J-Ais 0.5 to ~.0 or AIS 1), 23 km/~ 
frontal collision vehicles (11, 12 and 0! o’clocks) 
consisting of small passenger cars and light vans or so for moderate injuries (J-AIS 1.5 to 2.0 or AIS 

and ordinary passenger cars classified by types 2), and about 30 km/h for severe or more serious 
of accidents, injuries (J-AIS 2.5 to 4.0 or AIS 3 to 4). 
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2) Although severely injured occupants are found Secondly, the relationship between the equivalent bar- 

when the equivalent barrier speed reaches approx- rier speed and the severity of injury is studied for instru- 

imately 15 km/~, a clear tendency is not determined ment panel, steering assembly (wheel and spoke) and 

as the number of severely injured occupants are as windshield, respectively. Vehicles subject to this analysis 

few as 13. include ordinary passenger cars and light vans, in addition 
to small passenger cars. Vehicles of such frontal collisions 
amount to 75, with 117 front seat occupants without seat 

Vehicle Interior Parts/Constructions and Se- belts. 
verity of Occupant Injuries 1) Injuries caused by instrument panels 

The relationships between vehicle interior parts/con- The relationship between the injuries caused by in- 
structions and severity of occupant injuries were analyzed strument panels and equivalent barrier speeds is 
for small passenger cars only. For injuries of 534 occu- shown in Figure 9. The number of occupants injured 
pants of 285 small passenger cars, the severity of injuries by instrument panels amount to 26 drivers and 24 
and incidence rate classified by parts/construction of dif- occupants sitting by drivers’ side in 38 vehicles. 
ferent p~rtions in vehicle compartments are shown in Injuries started occurring at the equivalent barrier 
Figure 7. Occupants injured upon accidents amount to speed of 10 kin/h, some severe injuries (J-AIS 2.5 
363, while the total number of injuries amounts to 884, or AIS 3) are found where the speed exceeded 25 
with the average number of injuries per person being 2.4. km/h. In this figure, a comparison is made between 
Of parts and components which injured occupants in drivers and those sitting beside the driver had some 
vehicle compartments, the front portions have the highest severe injuries than the drivers. 
rate. Figure 8 shows results of the investigation on injury 2) Injuries caused by steering assemblies 
incidence rate for each part of the front portion. From The relationship between the injuries caused by 
this figure, it is found that instrument panels, steering steering assemblies and equivalent barrier speeds is 
assemblies, etc. account for the majority, shown in Figure 10. The number of occupants in- 

jured by steering assemblies amounts to 48 drivers 
out of total 61 drivers in 61 vehicles, In this figure, 

~~) a comparison is made between vehicles with steering 
~ 10 1~ 2o 2s 30 3s 4o 4s so ss 60 Total 

energy absorption devices and vehicles without such 
o 2o 20 8 7 5 ~ 61 devices, in order to clarify the effects of such devices. 
0.5-1.0 3 6 8 ~0 6 2    3 38 Injuries started occurring at the equivalent barrier 
~.s-~.o ~ 4 ~o 9 8 s 2 ~ ~ 4~ speed of 5 km/h, and one severe injury case (3.0 
2.~-3.o 2 ~ 1 2 3 2 ~ 12 for both J-AIS and AIS) is found at the speed of 
~,0 I ~ ~ 15 km/h. The latter case was the fracture of a knee 

bone which collided against the steering column 
from a lateral direction. The activation of steering 
energy absorption is observed at the equivalent bar- 
tier speed of 20 km/h. Some cases are also found 
in which occupants were left intact at the speed of 

// 
40 km/h owing to the activation of the energy 

.’ , ~----* 0.~-~.o absorption device. At the speed of 55 kin/h, oc, 

/" 
~ cupants’ injuries where the energy absorption de- ~ 

1 ~’--’"~ 1.5-2.0 

,, g vices activated remained relatively minor as J-AIS 
~---~ 2.5-4.0 

i/g! 

’ 0.5 and 2.0, while occupant’s injury was as severe 
/ 

/ 

~ 
as J-AIS 3.0 due to the non-activation of the energy 

,, ~/ absorption device. In some other cases, however, no 

~6-~ differences are found regardless of activation or non- 
/° activation of such devices, where the equivalent bar- 

rier speeds were 20 to 35 km/h. 

~ o ~o 30 ~o ~,o ~o 3) Injuries caused by windshields 
Equivalent B~rr~er Spe~d (Ki!!h) The relationship between the injuries caused by 

windshields and equivalent barrier speeds is shown 
Figure 6. Maximum J-AIS of drivers of small passenger cars, in Figure 11. Those injured by windshields amount 

~ight vans and ordinary passenger cars and cu- 
mulative incidence rates of equivalent barrier to 20 drivers and 19 occupants sitting beside drivers 

speed for frontal collision (11, 12 and 01 o’clocks) in 31 vehicles. Injuries started occurring at the 
vehicles, equivalent barrier speed of 15 kin/h, and two severe 
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Injury incidence rate of small passenger car occupants 

Vehicle investigated: small passenger cars - 285 vehicles 
Number of persons investigated: 534 persons 
Number of injured persons: 363 persons 
Number of injuries: 884 

o--~ Total                                  ~)                           ~ All front interior parts 

60                         o---o Front interior                    ~0    ~                  o---o Windshield 

iiiiiiiii                                     ~---~ Floor\                                          ~ Steering 

50                           x--~ Side interior                       50                          ~ Instrument pane] 

Ash tray, instruments, 
~-~ Rear interior                 ~                              ~ glove box. radio &stereo 

40                        ~--~ Roof                            ~ 40                        ~ Parking brake, gear lever, fare calculation meter, etc.l 

m----m Interior structure             ~                                   ~ Heater, cooler, tray, etc. 

~ 30                       .-. Others~ 30 

2O 

10                                                                     [0 

1.5~20 25- 50    6,0~                                                                             --~i.0     h5~2.0 2.,~5.0    6.0--<, 

Injury severity (J-AIS)                                            Injury severity (J~AIS) 

Figure 7. Injury severity and injury incidence rates classified    Figure 8. Injury severity and injury incidence rates classified 
by interior parts or components of small passenger            by vehicle interior front parts or components of 
cars.                                                                                                                              small passenger cars. 

injury cases (J-AIS 2.5) are found at the speed ex-         latter comparison is hardly valid since the number 

ceeded 27 km/h. In this figure, a comparison of         of data is inadequate for HPR laminated windshield 

injuries between drivers and occupants sitting beside         (2 incidences and 2 occupants) and ordinary PVB 

drivers, and another comparison between different         laminated windshield (3 incidences and 5 occupants) 

kinds of windshields (zone tempered windshield,          as the majority of windshield were made of zone 

ordinary PYB laminated and HPR laminated wind-         tempered windshield. 

shields) are shown. In case of the former compar- 

ison, no significant difference is found, whereas the         Injuries by steering assemblies 

Vehicles investigated: ordinary & small pas~senger 
cars & light vans - 61 vehicles 
Occupants investigated: 61 drivers Injuries caused by instrument panels                                Number of injured occupants - 48 

Vehicles investigated: ordinary & small passenger 
cars b light vans - 38 vehicles                                             ~ Energy absorption devices activated 
Occupants investigated: drivers, 26; occupants                    J-AIS 0 Energy absorption devices did not work 

J-^l,~ 1 2           beside drivers, 24                  50    ~ Energy absorption device activation ~clear 
¯ ® Drivers                                                t~ Without energy absorption device 
~ O Occupants sitting                            40 

beside drivers                                    ~ Injury by steering column 

3.0 
~ ~o               o              o                                ~                           ~o o 

2,0             ,P, O ~0 ~D 0             S 

10    20 ,~    40    ~ O)                                0    I0    20    30    40    ~    60 

Equivalent barrier speed                                            Equivalent barrier speed 

Figure 9. Injury severity of front seat occupants injured by    Figure 10~ Injury severity of drivers injured by steering as- 
instrument panels of frontal collision (11, 12 & 01             semblies of frontal collision (11, 12 & 0t 
o’clocks) vehicles,                                    o’clocks). 
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...... cupants out of the total 89 occupants, b) For vehicles 
~ ~s with interior deformations and the speed exceeding 35 

50 Driver Passenger 
@ ¯ O Zone tempered windshield kn’!//h, on the other hand, moderate and severe injuries 

& a Ordinary PVB laminated windshield of ISS 6 or greater tend to increase, which amount to 5 
40 I C_3 HPR laminated windshield 

(2)(1)<1) occupants out of the total 6 occupants. As for interior 
.~0 deformations, one case of such deformations is found at 

~ o the speed of 20 krn/h or so, and slightly injured occupants 
~o ~ ,&, o. ~ with ISS of 0 to 5 are found at the speed of 40 km/h 

~ o ~, o with the maximum intrusion of 10 era. The equivalent 
~0 , o o i~o ~ barrier speed range for the occurrence of severe injuries 

¯ *~ ~ * * of ISS 16 or greater is approximately 35 kmih or greater. 

~rv/h 
Equivalent barrier speed 

Figure 11, injury’ severity of front seat occupants injured by Injury Severities and Equivalent Barrier Speed 
windshields of frontal collision (11, 12 and 01 Classified by Vehicle Model Years 
o’c~ocks) vehicles. 

From 1973 or so, vehicles produced in Japan began to 
reflect safety concepts and technology developed for Ex- 
perimental Safety Vehicles (ESV), and such technology 

Vehicle Interior Deformations and Occupant has been contributing greatly to the reduction of occupant 

~njuries injuries as safety measures for motor vehicles. An attempt 
is made here to analyze the relationship between injury 

Upon investigation of the safety of a vehicle at the time severities and equivalent barrier speeds according to the 
of collision, it is often judged by the relationship between classification by model years, aimed at the verification of 
the occupant injury incidence rate and actual effective effects of such measures. 
value of the collision speed. In order to confirm the effect Vehicles subject to this analysis are 153 small passenger 
of vehicle interior deformations on the injury severity of cars and light vans including ordinary passenger cars, all 
occupants in addition to the above, the maximum intru- of which involved in frontal collisions (drivers, 153). The 
sion rate in the vehicle compartment is used as an indi- vehicle model years are classified into two categories; i.e., 
cation and the relationship between the occupant injury vehicles with model years up to 1973, and vehicles with 
severity and the equivalent barrier speed is analyzed here. 1974 and subsequent model years. ISS is applied here as 
Vehicles subject to finis mnalysis are 97 small passenger the indication for occupant injury severities, which are 
cars and light vans (97 drivers) which collided against classified into 4 categories; i.e., intact: ISS 0, minor: ISS 
front ends of other vehicles with the principal direction 1 to 5, moderate I: ISS 6 to 10 and moderate II: ISS 11 
of force of 12 o’clock, for which deformations occurred or greater. 
at the portion in front of the driver. Injury Severity Score The relationship between the equivalent barrier speeds 
is also used as another indication for occupant injuries, 
and the classification of severity scores is as follows: intact 
and minor injuries, ISS 0 to 5; moderate injuries, ISS 6 
to 15; severe or serious, ISS 16 or greater. 

The relationship between the maximum intrusion/ ....... ~ ........... ~o~ 
of vehicle~ ~ Moderate (ISS6-15) 

equivalent barrier speeds and the occupant injury sever ........................... ~o,~ ..... ~ 

ities of frontal collision vehicles is shown in Fig~are 12. 
In case of vehicles without interior deformations, a pro- 
~rtional relationship tends to exist between the speed 
and the injury severity. In cases where the equivalent 
barrier speeds exceed 35 km!h, interior deformations are ~0 
found in most vehicles, and the tendency of occupant 
injury severities is apt to change according to the degree ~0 

of vehicle compartment deformations. A comparison be- 
tween injury severities of vehicles with or without interior 0 

def!ormations is as follows: a) For vehicles without interior 0~    10    ;o    ;o ,’0    ~o 
Equivalent barrier speed (Km/h) .... 

de~brmations around the equivalent barrier speed of 35 
km~h, majority of the severities of occupant injuries are 

Figure 12. Occupant injury severity scores, equivalent barrier 
in the range of ISS 0 to 5 (minor injuries), while injury speeds and intrusions of frontal co~lision small 
severities of ISS 6 or greater are found only for 11 oc- passenger cars and light vans (12 o’clock). 
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and injury severity cumulative incidence rates for frontal years have higher equivalent barrier speeds than the 
collision vehicles according to vehicle model years is other category of vehicles, by 5 ka’n/h or so. 
shown in Figures 13 and 14. On the table included in 3) From the foregoing, it is obvious that vehicles of 
Figure 14, numbers of occupants with moderate injuries 1974 and subsequent model years have higher equiv- 
of ISS 11 or greater are listed, but such numbers are not alent barrier speeds than the other vehicles. It is 
plotted in the figure due to the absence of adequate data. thus assumed that occupant injury reduction meas- 
From this figure, it may be said as follows, regarding the ures are taking effect. 
tendency of injuries for each model year category against 
the equivalent barrier speeds for occupants of frontal col- 
lision vehicles. 

CONCLUSIONS 
1) The comparison of cumulative incidence rates of 

ISS O, 1 to 5 and 6 to 10, according to the model In this paper, the present status of the investigation on 
year classification reveals that the vehicles of 1974 actual conditions of motor vehicle accidents has been 
and subsequent model years show higher equivalent described, and analyses have been made mainly on the 
barrier speeds than vehicles of model years up to relationship between the vehicle construction/interior 
1973, on the whole, by 5 to 10 km/h. parts and components and the severities of occupant in- 

2) The comparison of the same data by means of 50% juries for 486 vehicles involved in vehicle to vehicle or 
line cumulative incidence rate of equivalent barrier single vehicle accidents, out of the total 396 accidents 
speeds classified by the injury severity scores indi- covered by this investigation up to 1979, excluding 
cates that vehicles of 1974 and subsequent model torcycles, mopeds, bicycles and pedestrians. A particular 

emphasis has been placed on passenger cars and light 
vans involved in frontal collisions regarding the relation- 
ship among the vehicle striking speeds and/or equivalent 
barrier speeds and severities of occupant injuries. 

.---~.-" ~- 3.--" 
i./.--/’~’~/o .... Since the number of investigations made per year was 

! 0 73 ~odol ..... as few as 50 to 60, data obtained through such investi- 
- model year 

i i .// ~----..iii ~-7s473 oodo~ yo~ gations are limited, making it difficult to identify areas ¯ ’ ¯ ~,.< 1-5 74 =od~l y~,, of problems as statistical data. Following points, however, 
f ",/ ~ .... ...................... have been implied through the current analysis results. 

’ f,,i.i I 
f i .- ° ! ........ (1) The striking speed of frontal collision vehicles is 

~/,~ ,-, , ....... about 30 km/h by the 50% line of cumulative 
............ . ..................... incidence rates¯ 

.................................... (2) The investigation on the tendency of the equivalent 
barrier speed and the occupant injury severity re- 

Figure 13. Equivalent barrier speeds and ISS cumulative veals that the speed is approximately 7 km/h on 

incidence rates of frontal collision (11, 12 and the 50% line for intact occupants, 15 km/h t’or 
01 o’clocks) small and ordinary passenger cars minor injuries, 23 km/h for moderate injuries and 
and light vans’ drivers, classified by model years. 30 km/h for severe injuries. 

(3) The part and component which injured occupants 
of frontal collision vehicles is the front portion of 
the vehicle compartment, which accounts for 50% 

/ -...._~ ~~ of the total. Interior parts and components are the 
/ .- instrument panel, steering assembly, windshield, 

/ ..... ~ ~-10 ~ ~o~i yoo~ etc. in that order. The activation of the energy 
...... ,-,0 .... do, .... absorption devices started around the equivalent 

/ i~ ,~, ~ ,o,.:.,! barrier speed of 20 km!h. 
’ ’ ..... (4) Most of frontal collision vehicles with interior de- 

// , ~ , formations due to the maximum intrusion of 10 
i~ ::~:~:: :., ~.-,, :::::o::o:o~: ...... cm or greater are those with equivalent barrier 

¯ speeds of 35 km/h or greater, and the occupant 
....................................... injuries around that speed range from moderate to 

severe. 
Figure 14. Equivalent barrier speeds and ISS cumulative (5) In the comparison between the equivalent barrier 

incidence rates of frontal collision (11, 12 and 
01 o’clocks) small and ordinary passenger cars speeds and the severity of injuries, it was found 
and light vans’ drivers, classified by model years, that vehicles of 1974 and subsequent model years 
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had less severe occupant injuries than vehicles of REFERENCES 
model years up to 1973, resulting in about 5 km/h 
difference in terms of equivalent barrier speeds. 

1. The Councils for Transport Technics, "Technical 
Measures for Safety of Motor VehiclesmFirst Program 
Plan for Future Motor Vehicle Safety Standards", Sep- 
tember, 1972 (Japanese). 

CONCLUDING REMARKS 2. The Councils for Transport Technics, "Technical 
Measures for Safety of Motor Vehicles--Second Pro- 

This report is a summary of the seven years investi- gram Plan for Future Motor Vehicle Safety Stand- 

gation and analysis on actual conditions of motor vehicle ards", October, 1980 (Japanese). 

accidents made by the Ministry of Transport (MOT). It 3. Motor Vehicle Department of the Ministry of Trans- 

may not be necessarily said, however, that the relationship port, "Motor Vehicle Accident Investigation and 

between the vehicle construction/interior parts and com- Analysis Reports", 1973 to 1981 (Japanese). 

portents and the severity of injuries can be analyzed ac- 4. Susan P. Baker and Brian O’Neill, "The Injury Se- 

curately, due to the limited number of investigations (50 verity Score--An Update", The Journal of Trauma, 

to 60 per year) made so far. Vol. 16, No. 11, 1976. 
In this regard, it will be necessary to carry out steady 5. Susan P. Baker et al., "The Injury Severity Score--A 

investigations and analyses in coming years from a more Method for Describing Patients with Multiple Injuries 
extensive viewpoint, and to make further efforts to ac- and Evaluating Emergency Care", The Journal of 
cumulate more data so that results and findings of the Trauma, Vol. 14, No. 3, 1974. 
above may be reflected on the reinforcement and assess- 6. SAE Recommended Practice J224a, "Collision De- 
ment of future safety standards, formation Classification". 

Hospital-Based Traffic Accident Registration 
and Analysis in GOteborg 

O. BUNKETORP and B. ROMANUS traffic accidents during three months in 1979. The time 

Department of Orthopaedic Surgery II, Uni- in hospital, the hospital costs, the time on sick-leave and 

versity of Gt teborg, Sweden compensations from the heahh insurance indicated the 

B. ALDMAN 
accident outcome. The time in hospital and the hospital 
costs were found to be the most useful accident outcome 

of Traffic Safety, Chalmers variables. Pedestrian accidents were by far the most 
University of Technology Gt teborg, Swe- portant category according to this analysis. 
den Improved traffic safety depends among other things on 

reliable traffic and accident data. A continued decrease 
of the accident number should be a goal for the road 
traffic authorities. A more differentiated injury classifi- 
cation should improve the accident analysis and justify a 

Traffic accidents have been analysed systematically in 
continued use of this system. Medical information can be 

GSteborg since 1966. For this a computer-based infor- 
used in a more precise way to achieve this as indicated 

mation system has been used since 1971. This system 
in this study. 

processes accident and environment data from police re- 
ports and traffic measurements and facilitates continuous 
traffic regulations and road improvements. The number INTRODUCTION 
of traffic accidents per year in GSteborg decreased from 
6,0"00 to 3,900 during 1971-1980, mainly as a result of Swedish official statistics on traffic accidents are based 
successful traffic safety investments, on police reports. These include traffic, road and vehicle 

A complementary registration of traffic accident cas- data as well as injury classifications according to the 

ualties was started at the enaergency hospitals in 1979. definitions in Table 1. The total costs for different injury 

The purpose was improved injury classification and de- severities have been calculated from expenses for medical 
creased number of not-reported accidents. This hospital- care, estimated loss of future production caused by the 

based primary registration was expanded to include the permanent disability, costs for administration and ma- 

medical and social consequences for patients injured in terial damage (1). 
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Investments for improved traffic safety should be pro- Table 1. Injury severity and costs of traffic accidents ac- 
portional to the total costs for traffic accidents. Measures cording to Swedish officiN statistics in 1979. 

for accident prevention and injury mitigation should be 
Costs evaluated in cost-benefit analysis by national and local 

Injury (Sw.Cr. 
.......... road traffic authorities. Public accident data are not qual- severity Definition X 106) 

ified for that purpose. There is a large number of accidents 
Fatality Dead within 30 days as a re- 0.9 

not reported, varying according to the injury severity, the suit of the accident 
type of accident, and the accident place (2, 3). The injury 
severity is also incorrectly reported in a number of cases, Serious Fracture, crush injury, severe 0.1 

which is not neglectable. Costs for human injuries are to 
injury cut or laceration, cerebral 

concussion, internal lesion or 
some extent imaginary. The absolute costs indicated in any other lesion which 
Table 1 are estimated mean values for a large number of causes detention at hospital 
accident types and outcomes not related to the age of the Slight Any other injury 0.02 
injured or to any other accident variable. The measure injury 
of the accident outcome should be more differentiated 

Material No injury 0.005 
.......... corresponding to this variation. A relative measure for damage 
........... accident outcomes could be a basis for this differentiation. 

i 
A computerized information system for traffic accident 

analysis (NPKTRAFO) has been used in Gihteborg since possible accident cause. The injury severity reported by 
i 

1971. This system was intended to store and process ac- the police indicates the accident outcome. 
cident data for a defined region to describe the accident The road network is divided into a main network which 
development, analyse the cause of the accidents, especially includes national, primary, and secondary roads, a loca! 
traffic environment factors, and to facilitate priority judg- network including feeder roads and local streets and other 
ments for traffic safety investments on the road network, places including parking places, etc. The greater part of 

A registration of traffic accident casualties at the hos- the accidents occur on the main road network. The ac- 
pitals in Grteborg was introduced in 1979. The primary cidents can be well located on the main network. On the 
intention was to complete the official accident outcome local network and other places the accidents can be lo- 
data and decrease the number of not-reported accidents, cated to districts only. 
A further intention was to classify the accident outcomes I. Action Effect Analysis. The effect of rebuildings and 
for different categories of road users and ages. of traffic regulations carried out during !974-1976 was 

In an earlier study the time in hospital, the hospital studied in some places of the road network by the Traffic 
costs, the time on sick-leave and the compensations from Planning Department of the Town Planning Council (6). 
the health insurance have been evaluated as indicators of The number of accidents before and after the changes 
the accident outcome. The time in hospital was suggested was subtracted and the corresponding injury cost differ- 
to be the most useful accident outcome estimate (4). ence was compared to the investments. Corrections were 

made for the average traffic development in the region 
and for the number of accidents not known by the police. 

SCOPE The real number of road-users killed and injured was 
estimated using correction factors recommended by the 

The aim of this presentation is Swedish National Road Administration: 1.06 for killed, 
I. To illustrate the method for traffic accident analysis 2.13 for seriously injured, 5.9 for slightly injured. The 

and the accident development in G6teborg. correction factor for accidents without human injuries 
II. To calculate the medical costs for different cute, was 8.0. 

gories of road users in traffic accidents. 1I. Accident Outcome Analysis. The individual accident 
outcome can be indicated by one or severat of the accident 

outcome variables: 

METHODS AND MATERIAL 
vt = time in hospital 

The method of the traffic accident analysis has been 
v2 = time on sick-leave 

described by the Town Planning Council of Grteborg (5), 
v3 = hospital costs 

The analysis is based on official police reports and local 
v4 = health insurance compensations. 

road traffic data. It includes the type and time of accident, The median or the mean value of vl, v~, v3, and v4 for 
the place of accident defined in a regional and’local geo- all categories of road users i are the accident outcome 
graphic reference system, and the characteristics of parameters Pi.1, Pi,2, Pi,3, and Pi,4, respectively. 

the local road traffic environment. The disturbance of the In the earlier study (4) the median values were used 
normal traffic flow preceding the accident indicates the to compare the accident outcome for the different road 
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user categories. A standardized accident outcome factor 
Number 

was defined taking into account all the four accident 
outcome variables mentioned above. Only 50% of the killed and ;niured 

injured were entitled to compensations from the public looo ’ 
health insurance. Thus, we concluded the time in hospital 
or the hospital costs to be the most useful accident out- o 51iqhtly injured 

come variables. The mean and the median values of these 
variables are used as accident outcome parameters in this "o--o-~° "-o 
study. Extra personal resources during March, October, "-o--o 
and November 1979 made a follow-up study possible of 

~o0 
the accident outcome for road users injured during these ~ Seriously in)ured 
months. 

Accident Development. Data from 50,000 accidents 
were stored and processed in the computer during 1971- 
1980. The traffic intensity increased by 22% but the total gilled 
number of accidents per year decreased from 6,000 to 
3,900 (35%) during this period (Fig. 1). Human injuries o ......... ~ Year 

occurred at about 20% of the accidents. A fuel rationing tq~t 2 3 q Y 6 7 ~ 9 1~8o 
occurred in 1974. This decreased the traffic intensity and 
reduced the total number of accidents during this year Figure 2. Number of persons killed and injured in traffic 
but not the number of accidents with human injuries (6). accidents i~ GOteborg during 1971-1980 accord- 

The number of injured decreased by 28%, equally for ing to official statistics. 

seriously and slightly injured. The number of fatalities 
decreased slightly but the difference was not significant 
(Fig. 2). Effect of RebuiMings and Traffic Regulations. Ap- 

The number of persons killed and injured exceeded the proximately 80% of the accidents occurred on the main 

number of accidents with human injuries by 20%. network, 15% on the local network and 5% in the other 

The number of children (< 17 years) killed and injured places. The effect of road rebuildings and traffic regula- 

during this period was reduced by 33%. The number of tions was studied in 9 and 166 places, respectively (6). 

elders (> 64 years) killed and injured was reduced by The number of traffic accidents before and after the 

15%. Approximately 50% of all road users killed in traffic changes was reduced by 44% (Table 2), 

accidents were pedestrians. Pedestrians more often were 
seriously injured or killed than slightly injured in traffic 
accidents (Fig. 3). The number of pedestrian accidents 

Number o~ p~cle~rian~ 

decreased less during the later part of the period. ~illed and inj,red 

Zoo -I 

accideM~ x 

(~t~) ] 
~,.ten~ity (%) - Seriously injured 

~; _ o~,. ~°~°"~o 

~ - Total ~ur~bero~accide.~°-~o 51ijhtl$ injured 

2 4ccident~ ~ilh human injuries " Killed 

Year 0 ~" ,    , ,    , ...... 

Figure 1. Number of traffic accidents and traffic intensity Figure 3. Number of pedestrians killed and injured in traffic 
index in GSteborg during 1971-1980 according to accidents in G0teborg during 1971-1980 according 
official statistics, to official statistics. 
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Table 2, Number of accidents before and after rebuildings Car drivers show the least serious accident outcome, mo- 
and traffic regulations in GOteborg during 1974- tor-cycles the most serious. Pedestrians account for 80% 
1976 according to official statistics, of the total costs for injured road users. 

........ Hospital Out-Patients. Sixty-five percent (231) of all 
.......... Number of 

accidents per injured left the hospital on the day of admission. Fifteen 

year were children and 23 elders not registered at the health 

Be- insurance office. The mean cost for examination and treat- 
Measure fore After Reduction % ment was 188 Sw.Cr. Ninety-one patients received pay- 
Rebuildings 572 319 253 44 ments from the health insurance office. The sum of these 
Regulations 468 267 201 43 payments was 139,000 Sw.Cr. in total. This is 4% of the 
Total 1.040 586 454 44 hospital costs for the 123 hospital in-patients. The mean 

costs for medical care and public health insurance com- 
pensations for the out-patients was 788 Sw.Cr. which is 

The average reduction in other parts of the road net- 2.5% of the corresponding costs for in-patients. 

work was 7%. 
The annual accident cost reduction was 24 X 106 

Sw.Cr. on eight of the rebuilt places corresponding to 
14% of the investments. On the ninth place both traffic 

DISCUSSION 

intensity and number of accidents increased. The calcu- 
lated profitability for all the investigated traffic safety 

According to official statistics the annual number of 
persons killed and injured in traffic accidents in Sweden 

investments was 18%. 
decreased during 1971-1980 by 30% and 12%, respec- 
tively. Seat belts, helmets, speed limits, mandatory day- 
time running lights, traffic regulations, and safer roads 

RESULTS and traffic environments are all factors being credited for 
this favourable development. The isolated effect of any 

Accident Outcome accident-preventing or injury-mitigating factor could not 

Relative Admission Frequency. During March, October, be confirmed so easily. 

............... and November 1979, 354 patients injured in traffic ac- The total number of traffic accidents in Grteborg de- 

cidents were admitted to hospital. Two of these died be- creased by 35% during 1971-1980 (Fig. 1). There was a 

cause of the injuries. Table 3 shows the number of in- 28 percent reduction of injured persons but only a slight 

and out-patients and the road user categories they rep- reduction of fatalities in traffic accidents (Fig. 2). 

resent. Pedestrians and car drivers were most frequently From data collected by the National Social Welfare 

...... admitted, each corresponding to 27% of the total number. Board of Sweden Nilsson and Thulin reported on hospital 

Thirty-five percent of all injured were treated as in-pa- in-patients injured in traffic accidents in 17 of 24 counties 

tients. This figure ranged from 20% for car passengers in Sweden during 1977 (8). The number of casualties, the 

to 54% for pedestrians, number of hospital periods, and the time in hospital were 

Median and Mean Time in Hospital and Hospital Costs. related to population and travel data. There was no con- 

Table 4 shows the median and the mean time in hospital nection to the accident data given in police reports. Their 

and the hospital costs for 123 in-patients injured in traffic report illustrates how existing data can be used for general 

accidents during March, October, and November 1979. traffic accident studies, The data indicate the average 

Table 3. Patients injured in traffic accidents admitted to hospital during March, October, and November 1979. Type of medical 
care. 

Type of medical care Total number 
Road admitted 
user Out-patients In-patients 

category Total Percent Total Percent Totat Percent 

Pedestrians 45 46 52 54 97 27 
Bicyclists 19 59 13 41 32 9 
Moped drivers 18 67 9 33 27 8 
Motor-cyclists 7 78 2 22 9 3 
Car drivers 66 69 29 31 95 27 
Car passengers 63 80 16 20 79 22 
Others 13 87 2 13 15 4 

Total 231 65 123 35 354 100 ...... ~ 
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Table 4. Hospital in-patients injured in traffic accidents admitted during March, October, and November 1979. Median and 
mean values of time in hospital (days) and hospital costs (Sw. Cr. × 103). 

Road Number Hospita~ median Hospital mean Total hospital 

user of Time Costs Time Costs Costs 

__cute_gory cases (Days) (× 103) (Days) (× 103) (× 103) (Percent) 

Pedestrians 52 7 11 39 51.4 2.672 80 

Bicyclists 13 5 4 9 13.2 0.172 5 

Moped drivers 9 7 8 5 7.5 0.068 2 
Motor-cyclists 2 20 25 18 23.4 0.047 2 
Car drivers 29 1 1 4 8.1 0.234 7 
Car passengers 16 2 2 8 9.1 0.145 4 

Others 2 2 2 2 2.7 0.005 0 

Tota~ 123 4 5 20 27.2 3.343 100 

accident outcome for urban and rural districts. The type are important risk groups. They are usually unprotected 

of accidents differs in these areas. Another accident out- and not adopted to the demands of modern traffic. Elders 

come is to be expected in urban traffic, more often sustain life-threatening injuries and permanent 
The real hospital costs is the most significant accident impairment is more frequently seen as a result of traffic 

outcome variable. In this study the mean daily cost of accidents in this age group compared to children (9). This 
the different care units were used as an approximate of analysis also indicates that pedestrians by far belong to 
the real costs. The real daily costs are highest for old the most expensive category of injured road users in G6- 
patients with multiple injuries as has been shown in a teborg. Eighty per cent of the costs for hospital in-patients 
study of the real costs for hospital in-patients in Sweden injured in traffic accidents were due to pedestrians. More 

!979 (7). than half of these were injured by cars. According to 
The time in hospital is a useful accident outcome var- these results a considerable part of the budget for traffic 

iabte for practical purposes. This accident outcome var- regulation measures should be directed to improve pe- 

iable and the real hospital costs are good estimates of the destrian safety as far as human injures are concerned. 

accident outcomes for injured road users who survive. These investments should be concentrated to areas where 
Fatalities. however, do not sufficiently influence the ac- elderly people stay. 

cident outcome parameters if the real time and costs in 
hospital are used. 

A fatality could be given an outcome corresponding to CONCLUSIONS 
hospital care during the rest of the expected lifetime. In 
that case the accident outcome would be continuous for This study of traffic accidents in G6teborg 1971-1980 
severely hurt patients who survive and equally hurt pa- indicates: 
tients who do not survive, In this study the actual time 
in hospital was used, --A markedly decreased annual number of accidents 

The time on sick-leave, and the corresponding pay- as a result of road rebuildings and traffic regulations. 

ments from the health insurance are complementary but --A more favourable development of casualties than 

less useful information. In this study 50% of the injured in the rest of Sweden. 

were not compensated by the health insurance office. In --A slightly reduced number of fatalities, less favour- 

some cases the injured were registered for illness not able than in the rest of Sweden. 

related to the accidents. The number of visits to medical --That pedestrians account for eighty per cent of the 

care as out-patient also give additional information about hospital costs for injured road users. 

the accident outcome. --The importance of hospital-based injury classifica- 

In this study car drivers and pedestrians were most tion to improve the cost benefit analysis for traffic 

frequently admitted to hospital; each in 27%. The average safety investments. 

accident outcome differed significantly. About 70% of 
the car drivers could leave the hospital on the same day. 
Half of the other car drivers could leave the hospital the 
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Feasibility of Relating Laboratory injury Measures in Simulated 
Accidents to Real-World Occurrences in Side Impacts 

WILLIAM A. BOEHLY and J.N. On the basis of this analysis, it is concluded that in 

KANIANTHRA specific crash environments, the relationship between 
dummy predicted chest injury and real-world driver chest 

National Highway Traffic Safety injury is good. In the case of head injury, the relationship 
Administration between laboratory tests and real-world accidents was not 

satisfactory. 

ABSTRACT Full-scale laboratory crash tests should be continued 

to assess the crashworthiness of motor vehicles. The re- 

....... A major tool utilized by safety researchers is full-scale suits of one crash test or one accident, however, should 

laboratory crash testing. The results of these tests on not be the basis for specifying a vehicle’s crashworthiness. 

baseline vehicles, and vehicles equipped with safety Additional research is required in biomechanics, accident 

countermeasures, are often utilized to predict the real- analysis techniques and laboratory crash simulation to 

world safety performance of the baseline vehicles, as well enhance the ability of predicting real-world performance 

as the expected performance of modified vehicles based upon laboratory tests. 

equipped with the countermeasures. 
This paper analyzes one particular crash configuration, 

left side impacts, to determine if a relationship exists INTRODUCTION 
between laboratory crash test results and real-world ac- 
cident injuries. This configuration is chosen because 1) One of the techniques utilized to evaluate vehicle crash- 

the necessary tools exist--a test barrier which represents worthiness the protection of its occupants in a crashm 

a motor vehicle in terms of weight and stiffness; and a is full-scale crash testing. Here, crashworthiness is based 

dummy which responds in a human-like manner and upon measures obtained from the responses of instru- 

whose responses can be related to injury, and 2) accident mented test dummies in controlled laboratory crashes. 

data exist which are consistent with the laboratory crash Two basic types of vehicles are utilized in these full-scale 

environment in terms of crash direction and velocity tests--baseline and modified. Baseline or production ve- 

change (delta-V). The NHTSA National Crash Severity hicles are tested, and the results analyzed to indicate the 

Study (NCSS) and the National Accident Sampling Sys’ need for crashworthiness improvement. Additionally, the 

tem (NASS) provided the accident data for this study, results serve to direct the approach utilized in counter- 

The laboratory crash test data were obtained from the measure development. Modified vehicles incorporating 

NHTSA Office of Vehicle Research, these countermeasures are crash tested to deterrnine the 
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level of improvement in crashworthiness obtained by in- tional Center for Statistics and Analysis (NCSA) accident 
c-9rporating the countermeasures. Of fundamental im- data files for side impacts and laboratory crash data in 
portance is the relationship of baseline and modified the Office of Vehicle Safety Research (OVSR). This effort 
vehicle crash test results to human injuries in real-world is limited to left side impacts and driver injury data ex- 
crashes. Regardless of the approach utilized to transfer isting in the data files of the National Crash Severity 
safety technology to the marketplace--regulation, evo- Study (NCSS) (1) and the National Accident Sampling 
lution of safety countermeasures in production, or rating System (NASS) (2) files for 1979 and 1980. The laboratory 
information--relating dummy measures in laboratory, test data pertain to side impact test data available in the 
crashes to real-world injuries is a vital component of OVSR dynamic crash test catalog. The approach pre- 
motor vehicle safety research. Admittedly, limitations on sented in this paper develops relationships between driver 
the knowledge of biomechanics, the complexity of the injury severity in real-world left side-impact accidents and 
dynamics in vehicle crash occurrence and the many prob- estimates of injury severity obtained from dummy loads 
lems associated with obtaining reliable and repeatable in side impact laboratory crash tests. The methodology 
laboratory and field measures, immensely increase the for translating crash test dummy loads into the commonly 
difficulty in relating laboratory crash results with real- used Abbreviated Injury Scale (AIS) Severity Code is 
world occurrences, proposed by the NHTSA OVSR Biomechanics research 

Nevertheless, the need for analysis and correlation of group. The paper describes briefly the various sources of 
injury measures obtained from vehicle crashes in the lab- data and the methodology used in correlating driver in- 
oratory to those experienced in the real-world far out- juries in accidents to dummy loads in laboratory tests. 
weigh the limitations. Such effort is extremely valuable This will be followed by a discussion of the methodology 
in many respects. First, it will serve to assess the state- for analysis of the data and the results. 
of-the-art procedures and methodologies used to describe 
real-world accident occurrences, their levels of crash se- 
verity and their injury consequences. Secondly, relation- 
ships of laboratory/real-world dam will yield improved THE ACCIDENT DATA 
laboratory test conditions which would better simulate 
those variables identified as relevant in causing occupant Data from three sets of accident data files existing in 
injury. Finally, analysis of the real-world and laboratory NCSA have been used in this analysis. These data sources 
data can result in improved relationships between injury are the NCSS, the NASS-’79 and NASS-’80. The NCSS 
levels predicted by test dummies and probabilities of in- data collection effort was undertaken by NHTSA in which 
jury, at various levels of severity, in actual crash victims, motor vehicle accidents involving a towaway were sam- 
Eventually, such analyses will provide safety researchers pled in eight areas of the U.S. during January 1977 
the ability to predict injuries based upon laboratory tests through March 1979. The cases were sampled according 
in vehicles if they were exposed to real-world crashes. As to the injury severity of the accident. The data gathered 
such, they can also determine benefits of safety counter- included information from medical records, autopsy re- 
measure development, assist in vehicle research and serve ports as well as police accident reports. The raw data 
as a means to rank real-world vehicle performance, were weighted by the inverse of the sampling fractions to 

In order to relate real-world injuries to dummy meas- represent actual accident frequencies. AIS-76 was used 
ures in laboratory crash tests, it is necessary that certain by the investigators to code the occupant injury classi, 
info:rmation be available. First, real-world accident data fication in NCSS. 
which include descriptors of crash severity and occupant The NASS data contain similar information from ac, 
injury must exist. Crash severity is a parameter which is cidents sampled by teams in a number of sites (currently 
extremely difficult to quantify. Many safety researchers fifty-two sites) throughout the U.S. The site selection and 
utilize the crash mode or direction, along with the velocity accidents to be investigated are selected on the basis of 
change, delta-V, of the vehicle to quantify the severity of probability sampling techniques. As only ten of the sites 
the crash. These parameters are utilized in this paper. A were operational in 1979 and 1980, the sample size of 
second required source of information relate to laboratory accidents investigated during those years are small. From 
crash tests which simulate a crash direction and level of these, NASS estimated the number of police-reported 
severity in the real-world. Finally, the tools utilized in traffic accidents, their crash mode and severity and oc- 
laboratory tests must be representative of the component cupant injury information. 
they are simulating. In laboratory crash testing, the test In this analysis, a subset of the NCSS and NASS data 
barrier is used to simulate another motor vehicle and the was used. These data pertain to left side impacts to pas- 
test dummy to simulate a human. The only set of crashes senger cars with driver injury. Lateral location of vehicle 
in which sufficient data exist to satisfy all these conditions deformation and accident classification codes were used 
is in side impact. This paper is an attempt to determine to sort the data from the entire files. The accident data 
the feasibility of relating available data in NHTSA Na, included all cases in which a vehicle was impacted on the 
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left side, where the side deformation areas were forward V calculation. In grouping the cases by delta-Vs, the cases 

of the left front door or the door itself. Specifically, SAE with unknown delta-V were excluded. 

J224 col]isior~ deformation codes for lateral location F, The "CRASH" algorithm generally tends to underes- 

D, P, Y and Z were selected. The direction of principal timate delta-V at low values and is fairly accurate at high 

force during impact was limited to 7-11 clock directions, delta-Vs. In the oblique side impact cases, where the 

The information retrieved from the files included the re- direction of force is less than 45° from the longitudinal 

sultant vehicle velocity change (delta-V) estimated by the axis of the struck vehicle, the delta-V tends to be over- 

"CRASH" computer program on the basis of damage estimated. Typical errors in delta-Vs calculated by 

measurements, the struck vehicle weight, the two major "CRASH" range from ten to twenty-five percent. (4) 

AIS codes and the overall AIS of the driver as well as Considering these factors, the delta-V interval for analysis 

the associated body regions and treatment/mortality in- of the accident data was selected to be 7 mph. 

formation. 

In NASS-’79, AIS-76 was utilized to code occupant 

injury levels. In NASS-’80, however, a new injury coding, THE CRASH TEST DATA 
AIS-80 was adopted. The use of AIS-80 compared to 

AIS-76 will cause injuries to be coded differently for the The laboratory crash data were obtained from the 

head through all AIS levels, making the comparison of NHTSA dynamic crash test catalog, as it existed in Au- 

head injury in NASS-’79 to NASS-’80 difficult. For the gust, 1982. A total of 17 side impact tests were identified 

chest, AIS-80 treats rib fractures differently from AIS- as potential sources of crash data. Of these, only the data 

76. Whereas a rib fracture would be coded as an AIS 2 for 13 tests were selected for inclusion in this analysis, 

in AIS-76, it would be coded as an AIS 1 in AIS-80. as complete information was not available for the re- 

Therefore when comparing AIS 1 and AIS 2 chest injury maining. All the tests were angular impacts at an off- 

frequencies in NASS-’79 to NASS-’80, these two injury entation of 300° (60° from straight ahead, towards the 

levels should be combined. That is, the AIS _< 2 injury driver side) at nominal closing speeds in the range of 30- 

frequencies of the two files should be compared. 40 mph. The crash partner in all the tests except two was 

The accident data obtained from the NCSS and NASS- the NHTSA moving barrier (5) (this is a 3,450 pound 

’79 and NASS-’80 files were sorted for delta-V ranges, barrier with stiffness characteristics close to a U.S. me- 

for driver body regions injured and AIS severity in single dium sized car). The remaining two tests were car-to-car 

vehicle and two vehicle side impact accidents. The per- impacts. The struck vehicles were either Volkswagen Rab- 

centage of single vehicle side impact cases being small, bits or Chevrolet Citations--some baseline and some 

the data for the single and two vehicle crashes were com- modified. In all cases, the impact condition was designed 

bined for the purpose of this analysis. Using the Statistical to obtain the maximum penetration at the driver hip- 

Analysis System (SAS) computer program, the number point. Instrumented dummies were used to simulate the 

of drivers sustaining injuries at each AIS level was de- driver. In eleven tests, the Side Impact Dummy (SID)(6) 

termined. The cases were further partitioned into various developed by HSRI was utilized, while in two tests, the 

delta-V groups. The delta-Vs were grouped as 1-8 mph, Association Peugeot-Renault (APR III) (7) dummy was 

9-16 mph, 17-24 mph, 25-32 mph, 33-40 mph and _> 41 used. The crash test conditions and resultant delta-V of 

mph. Since it was observed that for a significant number the struck vehicle are illustrated in Table I. 

of cases, the injuries were of unknown severity, it was The struck car resultant delta-Vs were obtained from 

decided to use the estimated maximum AIS available in a velocity-time trace of the vehicle floor pan tunne! for 

the data files. These are determined by a procedure for all the tests. The cut-off time for determining the velocity 

allocating missing maximum AIS (3) developed for change in each case was ascertained from their respective 

NASS. acceleration traces. The delta-Vs were also computed 

In all of the accident data files used, there were ap- from the conservation of momentum equations, which in 

proximately fifty percent of the cases where the delta-Vs all cases turned out to be higher than the velocity change 

were unknown for side impacts. This percentage of un- obtained from the velocity-time traces. All of the tests 

known delta-Vs in the side impact cases is about the same had either the APR or the SID dummies in the front left 

as for all accidents, and therefore, the data in this crash driver seating position. The dummies were instrumented 

mode should not be biased, compared to the overall file. to measure the acceleration response of the left upper rib 

It is likely that many of the side impact accidents are (LUR). This LUR acceleration response was utilized as 

sideswipes in which the colliding vehicles do not reach a an input for computation of the right upper rib (RUR) 

common velocity. In such cases, the "CRASH" algorithm response. The computation approach was the use of a 

utilized to estimate delta-V in NCSS and NASS does not model based on digital convolution theory. The technique 

allow computations of the delta-V. In other cases, due to is described by Eppinger and Chan. (8) Utilizing the 

the unavailability of vehicles for inspection and damage acceleration of the LUR and RUR, the maximum relative 

measurements, insufficient data are available for the delta- velocity between the left and fight upper fibs was corn- 
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TABLE I 

Sun  ary of Side iml  ct Laboratory Crash Test Results 

Impact Resultant 

Struck Vehicle Test Test Vehicle Angle Closing Delta-V 

No. Make/Model Config. Type Weight (Ibs) Deg. Speed mph mph 

1 ’76 ~,~/Rabbit i MBV DEV 2444 300 39.8 18.6 

2 ’76 VW Rabbit MBV DEV 2485 300 39.1 17.5 

3 ’80 VVV Rabbit MBV DE-~v’ 2456 300 40.1 22.8 

4 ’80 VW Rabbit MBV DEV 2477 300 39.2 16.6 

5 ’79 Chev Citation MBV BAS 3070 300 29.9 11.0 

6 ’80 Chev Citation MBV BAS 3089 300 35.3 13.3 

7 ’80 Chev Citation MBV BAS 3120 300 39.7 14.2 

8 ’80 Chev Citation VTV BAS 3090 300 29.4 11.1 

9 ’80 Chev Citation MBV MOD 3090 300 40.2 19.2 

10 ’80 Chev Citation MBV BAS 3096 300 39.6 17.0, 

11 ’76 VW Rabbit VTV MOD 2436 300 37.5 17.0 

12 ’80 Chev Citation MBV MOD 3102 300 40.1 17.0 

13 "80 Chev Citation MBV MOD 3987 300 40.1 17.0 

NOTE: MBV -- Moving Barrier into Vehicle DEV Developmental Test 

VTV    Vehicle to Vehicle BAS Baseline Test 

MOD -- Modified Vehicle Test 

puted by integrating the difference between the LUR and accident data and the laboratory crash test data is made, 

RUR accelerations. Similarly for the head, the head ac- keeping in mind that many of the proposed injury criteria 

celeration was used in a two-mass model of the head, to are being omitted in this analysis. 

obtain the Mean Strain Criteria (MSC). (9) 
Ir~ order to estimate injury severity from measured 

dummy parameters during staged collisions, the NHTSA RESULTS AND DISCUSSION 
Biomechanics group has proposed injury criteria for se- 

lected body areas. In this, several body areas such as Before addressing the issue of relating laboratory test 

head, face, neck, thorax, abdomen, pelvis, etc. have been results to real-world accident in driver side impacts, a 

addressed. For each, approximate "bogie" values of body number of observations on this crash configuration are 

area response which relate to an AIS severity level have beneficial. National estimates for maximum AIS for dfiv- 

been proposed. From dummy acceleration measures for ers in single and two vehicle accidents from the NASS- 

the chest and head, the AIS severity level for each was ’79 and NASS-’80 data, along with national estimates of 

computed utilizing the Eppinger equation (9) for the chest the number of fatalities which occurred in those accidents, 

and the MSC for the head. are given in Table III. In the left side impact modes 

The dummy AIS for the chest and head in the crash considered, forty percent of the drivers remained unin- 

tests, along with the computed maximum relative velocity jured (AIS = 0) in 1979. The comparable figure for 1980 

between LUR and RUR and the MSC are given in Table was forty-eight percent. Fatalities varied from 1.1 percent 

II. Additionally, the Head Injury Criterion (HIC) values in 1979 to 0.52 percent in 1980. Drivers receiving injuries 

are included, though not used for AIS predictions. While of AIS 3 or higher were about 5.9 percent in 1979, while 

it is recognized that several of the proposed injury criteria in 1980, this proportion was 3.6 percent. In both the years, 

in reference 9 based on dummy measures should be con- among drivers injured, the injury severity for about ninety 

sidered simultaneously in conclusively establishing injury percent was AIS 2 or less. 

severity, the available data preclude consideration of any To describe the AIS distribution of drivers injured in 

injury and computations of AIS other than that for the this crash mode, the estimated maximum AIS for various 

head and the chest. Therefore, the comparison of the delta-Vs are presented in Figure 1 (NCSS), Figure 2 
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TABLE II 

Summary of Side Impact Laboratory Crash Test Results 

Dummy Dummy Peak ’G’ Peak Rib Relative MSC 
No. Type Left Upper Rib Velocity FPS Chest Head HIC In./In. 

1 APR III 169.1 26.86 2 1 266 .002123 

............. 2 SID 72.7 22.62 2 4 777 .007/03 

3 SID 186.2 33.92 3 4 1414 .00628 

4 APR III 101.1 52.14 4 1 153 .002218 

5 SID 53.8 54.15 4 1 116 .001754 

........... 6 SID 62.3 59.10 5 3 346 .004820 

7 SID 87.5 68.92 5 2 456 .003463 

8 SID 69.6 26.20 2 2 257 .003684 

9 SID 115.0 24.83 2 1 291 .002239 

.......... 10 SID 97.5 27.27 2 2 780 .003524 

11 SID 29.6 12.60 1 1 288 .001627 

12 SID 73.0 24.89 2 2 707 :003653 

13 SID 67,4 32.94 2 N/A N/A NiA 

(NASS-’79), and Figure 3 (NASS-’80). The values on the again occur in the 9-16 mph delta-V range. There is no 
vertical axis of these three figures are the percent of driv- simple explanation for these shifts. As noted earlier, the 
ers with injuries at injury levels of AIS 1 through AIS 6, change from AIS-76 to AIS-80 will have an effect on 
in each of the delta-V ranges. The population on which injury coding. These three figures indicate that a large 
the percentages are based is the total number of all injured portion of the side impact injury problem is in the two 
drivers, AIS I through AIS 6 and non-injured. AIS 5 and delta-V ranges of 9-16 mph and 17-24 mph. 
6 occurred infrequently in most of the delta-V groups, As a complement to Figures 1, 2 and 3, Figure 4 pre- 
therefore they are not shown in Figures 1 through 3. The sents the percentage of uninjured drivers in the NCSS 
NCSS data (Figure 1) illustrate that most of the injuries and the NASS data for the delta-V ranges. At a low delta- 
occur at a delta-V in the range of 9’16 mph. However, V in the range of 1-8 mph a substantially higher number 
for the NASS-’79 data in Figure 2, most of the injuries of drivers remain uninjured in the NCSS than in the 
occur in the delta-V range of 17-24 mph. NASS-’80 data, NASS. This is probably due to the reporting thresholds 

as illustrated in Figure 3, indicate that most of the injuries of NASS and NCSS. In NCSS, the threshold was a tow- 

TABLE III 

of Maximum AIS for 
Drivers in Single Two Vehicle Driver Side Impacts 

AIS 
Non- 

Source of Data 0 1 I 2 I 3 4t5 6 Fatals Fatals Totat 

NASS 1979 117,475 142,955 15,592 13,259 968 1,057 2,026 3,171 290,161 ~,32~ 

NASS 1980 109,154 93,781 14,330 6,009 941 475 641 1,175 224,116 225,331 
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Figure 4. Distribution of uninjured drivers in side impacts. 
Figure 1. AIS distribution for driver inju~ in side impacts. 

NOTE: Cont}nu~s cu~es p}o~ed in this a~ subs~u~t figures are b~ upon discrete 

away accident, regardless of occupant inju~. In NASS, 
the threshold is police reposed accidents. Since most 
accidents are not investigated by police unless injury is 
involved, a lower percentage of non-injured drivers would 

"" be expected at a low delta-V in the NASS data base. At 

~ ~ ........ 
~ 

the higher delta-Vs; i.e., above the 9-16 mph, the towaway 
or police reposing threshold won’t make as much dif- 

’J~ // ~.N ference as indicated by the NCSS and NASS-’79 data in 

/ 
~ 

Figure 4. An explanation for the percent of uninjured 

~ "~~ drivers in NASS-’80 is not apparent. Perhaps the change 

~ ’~ // ~ from AIS-76 to AIS-80 would cause a shift to a larger 
percent of uninjured drivers, but not the magnitude il- 

’I ~ ,/*~ ~ lustrated in Figure 4. ~is discrepancy may be due to the 

,~// /..~.~/ 
~.:~_ ~ 

~ ~’~... differences in the sample size in the raw data. The 1980 

¯ ~ <...~...~ ,."~ .... 

~... NASS unweighted data for the crash mode und~ con- 
~ sideration had less than half the number of cases inves- 

tigated ~ 1979. Consequently, when pa~itioned for AIS 
and delta-Vs, the frequency of cases become small and 

Figure 2. AIS distribution for driver inju~ in side impacts, thus subject to error. 
Figures 1, 2 and 3 illustrate that the delta-Vs of 9-16 

mph ~d 17-24 mph represent the two ranges of velocity 
change at which the bulk of AIS injuries of va~ing se- 
verities occurred in the accident data. Coincidentally, the 
laboratory crash data were available for only these ranges 
of delta-Vs. Therefore, comparisons made between the 

¯ 
~ 

~. ’ ...... ’~ chest and head injuries in real-world accidents and lab- 

~ / "~ oratory crashes for these two delta-V groups have im- 
’ , 

~ 
po~ance, in that a significant number of injuries are 

~ ~ ~ ~ occurring in these groups. 
’~ / x Figures 5 and 6 show the chest injury severities in real- 

,~[ 
/ k~x 

world left side impact crashes in the NCSS and NASS 
data bases at 9-16 and 17-24 mph delta-Vs, respectively. 

’1 ~ "~ 
~ ~ 

As illustrated in Figure 5, for delta-V of 9-16 mph all the 
[; .............. ~ %~ "~’ chest injuries are AIS 1 in the NASS data base. In Figure 

~ ~ ~r ~ ,o~ 
5, for the NCSS data, approximately seventy percent of 

~ ~" ~" ~" " the chest injuries are AIS < 2. While the NASS data 
- show no significant chest injury (AIS ~ 2) to the driver 

Figure 3. AIS distribution for driver inlu~ in side impacts, at 9-16 mph delta-V, the NCSS data chest injuries of AIS 
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Figure 5. Comparison of driver AIS in real world crashes. Figure 7. Comparison of driver AIS in real world crashes. 

Figure 6. Comparison of driver AIS in real world crashes. Figure 8. Comparison of driver AIS in real world crashes. 

4 or greater account for about five percent of all the chest world side impacts at 9-16 mph and 17-24 mph delta-Vs. 
injuries in this delta-V range. One possible explanation is respectively. In the 9-16 mph delta-V crashes (Figure 

that the NCSS data, involving towaway accidents, result the NCSS and NASS data are in close agreement. Ninety- 
in a crash environment which requires more definition two to ninety-eight percent of the head injuries in this 
than simply the delta-V. Other crash factors may also be delta-V range were AIS <_ 2. In 17-24 mph delta-V 
causing injury, thus resulting in a risk of more severe crashes (Figure 8), essentially all of the head injuries in 
AIS. Figure 6 illustrates the distribution of the chest NASS were AIS I, while for the NCSS, approximately 
injury severities in NASS and NCSS at 17-24 mph delta- seventy-five percent of the head injuries were AIS < 2. 
V. In this delta-V range, ninety percent of the NCSS and Risk of AIS > 3 head injury is 0 in 9-16 mph and 17- 

one-hundred percent of the NASS driver chest injuries 24 mph delta-V crashes in the NASS data, and about two 
are ofAIS < 3. At this higher delta-V, NCSS and NASS percent in the NCSS data at 9-16 mph. In 17-24 mph 
data are becoming more similar as would be expected, delta-V crashes, the NCSS data indicate the risk of AIS 
since the towaway bias is less important. The NCSS and _> 3 head injury to be quite large---about twenty-five 
NASS-’79 data show a higher percentage of chest injuries percent. 
of AIS 1 compared to NASS-’80. When the severities of 
AIS 1 and 2 are combined, however, all the data bases 
are in good agreement. Considering the fact that the AIS DUMMY HEAD AND CHEST "INJURIES" IN 
coding in 1980 is slightly different from that used in 1979, SIMULATED CRASHES 
the discrepancy seen in AIS 1 and 2 in the NASS-’79 and 
NASS-’80 data is not unreasonable. As discussed previously, the laboratory crash data pro- 

Figures 7 and 8 show the head injury severities in real- vided the data for the chest and head AIS calculation for 
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the two ranges of delta-Vs. Nine of the tests were in the five percent at AIS 3. As noted, these data are based on 

17-24 mph delta-V range, while four were in the delta-V only four tests. In the higher delta-V range, 17-24 mph, 

range of 9-16 mph. The distribution of the chest AIS seventy-five percent of the head injuries are at AIS 2 or 

levels, based on dummy responses, for the two delta-V less, the remaining twenty-five percent being AIS 4. 

groups is presented in Figure 9. In the 9-16 mph delta- Comparisons of chest and head injuries from the ac- 

V range, the laboratory results indicate that chest injuries cident data and the staged laboratory tests at 17-24 mph 

of higher severity were more likely than those of lower delta-V are presented in Figures 11 and 12, respectively. 

severity. That is, twenty-five percent of the chest injuries In Figure 11, the distribution of chest injuries indicated 

at this delta-V were AIS 2, while AIS 4 and 5 accounted in the NASS-’80 data base and the laboratory crashes are 

for seventy-five percent of injuries. However, it must be strikingly similar. The frequency of occurrence of AIS 1, 

recognized that data from only four tests are included in AIS 2, and AIS 3 are approximately the same between 

the 9-16 mph delta-V range. Such a small sample, when NASS-’80 and the laboratory crashes. However, while the 

used to develop a frequency distribution can lead to in- NASS data do not contain any chest AIS greater than 3, 

valid conclusions. In the 17-24 mph delta-V category, the laboratory test data resulted in approximately eleven 

AIS _< 2 chest injury occurred seventy-seven percent of percent of the chest injuries occurring at AIS 3 and AIS 

the time. with the remaining at AIS 3 or 4. The distri- 4 respectively. Averaging all of the real-world accident 

bution of head AIS levels, based on dummy responses for data--that is, NASS-’79, NASS-’80, and NCSS, eighty 

the two detta-V groups is presented in Figure 10. In the percent of the chest injuries were of AIS 2 or less. In the 

9-16 mph delta-V range, seventy-five percent of the head laboratory tests, seventy-eight percent of chest injuries, 

injuries are at AIS 2 or less with the remaining twenty- as predicted by the dummy, were AIS 2 or less. Figure 

Figure 9. Comparison of driver AIS in simulated crashes, Figure 11. Comparison of chest AIS for 17-24 mph delta-V. 

Figure 10. Comparison of driver AIS in simulated crashes. Figure 12. Comparison of head AIS for 17-24 mph delta-V. 
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12 compares the driver head injuries in the accident data Specific 
and the dummy predicted head AIS for the laboratory 

crash tests in the 17-24 mph delta-V category. All of the 
While significant advances have been made in recent 

....... head injuries in the NASS-’79 and NASS-’80 data are years to improve the tools necessary to relate laboratory 

minor at a severity of AIS 1. In contrast to the NASS crash test results to real-world accidents, substantial re- 

data, approximately seventy-five percent of the head in- search remains to be done. 

juries indicated in NCSS and seventy-five percent of the 1. Accident data indicate a significant amount of injury 
dummy predicted head AIS levels were AIS _< 3 in the to the neck. Inasmuch as a test device to evaluate 
17-24 mph delta-V range, neck injury in laboratory crashes does not exist, this 

problem was not analyzed in this paper. It is critical 

that biomechanics research continue and a test de- 

vice to predict neck injury be developed, so that this 
CONCLUSIONS AND RECOMMENDA- significant safety problem can be addressed. 
TIONS 2. A significant amount of accidents in the NASS and 

NCSS data file did not have a delta-V calculation. 
General In certain conditions such as sideswipes, the delta- 

The basis for conducting the analysis presented in this Vs cannot be computed by the algorithms currently 

paper was to determine if the outcome of real-world motor utilized. It is imperative that valid comparisons re- 

vehicle accidents--bodyregionsinjuredandlevelofinjury quire delta-Vs in all cases where any appreciable 

severity--can be related to dummy measurements in lab- injury has occurred. Therefore, efforts must be made 

oratory crash tests. Based on the result of a small com- to improve the delta-V computation algorithm. 

.......... 3. A critical component missing for frontal .............. ponent of the problem, driver side impacts with a delta- 

V of 17-24 mph, it appears that a relationship does exist, crashworthiness evaluation is a barrier which pro- 

The data to support this conclusion are: vides a more realistic crash environment for the 

vehicle being tested. Currently, this is a major prob- 
1. In seventy-eight percent of the laboratory tests in lem in frontal crash testing, and makes a comparison 

this crash severity range, the dummy AIS prediction of real-world frontal crashes to laboratory frontal 
......... was AIS _< 2, while in real-world crashes of similar crashes essentially impossible. Although the delta- 
.............. severity, eighty percent of the drivers suffered AIS V is simulated in the laboratory, the time over which 

<_ 2. it occurs is not. Additionally, the fixed barrier of 
2. In both the laboratory crash tests and the real-world essentially infinite mass does not allow an acceptable 

accidents, there was a very low probability of AIS crashworthiness evaluation of vehicles with different 
_> 4 in this crash severity range, weights and structural characteristics. The devel- 

On the basis of this result, laboratory crash tests should opment of such a barrier should be of high priority 

be continued and utilized to assess the crashworthiness in vehicle safety research. 

of baseline cars as well as direct researchers towards meth- 

ods of improving crashworthiness by developing appro- 

priate countermeasures. REFERENCES 
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The Use of insurance Material to Study Traffic Safety 

M"Y’GREN injuries. The main decrease is concentrated to head in- 

Karolinska Hospital juries which decrease is due to seat belt use among front 
seat occupants. 

BERTIL ALDMAN An unbelted rear seat passenger has a higher injury 

Chalmers University of Technology severity than an unbelted front seat passenger and it is 
shown that an unbelted rear seat passenger is a consid- 

HANS GUSTAFSSON erable risk for the front seat occupant. 
Folksam Insurance Group 

CLAES TINGVALL BACKGROUND 
Folksam Insurance Group 

JAN WERS, LL Road traffic accident prevention and control require a 

Karolinska Hospital multidisciplinary approach as well as the application of 
many skills and tasks, such as epidemiology, biostatistics, 
communication science, economy, sociology, and engi- 
neering. 

One of the most difficult problems in studying road 

Road tra~c accident prevention and control require a traffic accidents is to identify reliable and meaningful 

multidisciplinary approach as well as the application of information. There are many examples where interna- 

many sciences. One of the most difficult problems in tional comparisons become difficult, e.g., the definition 

studying road traffic accidents is to identify reliable and of an accident or a serious or minor injury varies from 

meaningful inlbrmation. One possibility to study traffic country to country. Data are often inadequate as well as 

accidents with and without personal injuries is to use the being unreliable and incomplete. 

reports from an insurance company. Folksam, the largest Traffic environment is under the influence of contin- 

motor insurance company in Sweden, has during the last uous cl~’~aVnges. Some of these are the results of efforts to 

decade systematically studied traffic accidents, make road traffic safer, such as safety regulations, con- 

By studying all accidents during one year a lot of in- structions of new, safer cars, use of safety belts, etc, Others 

formation has been obtained, are consequences of unforeseen international changes, 

The injury frequency increases from 1.5 to 3.0% when such as the energy crisis that has given rise to a worldwide 

the service weight of the car decreases from 1,300 kg to tendency to downsize cars. It is, therefore, important to 

800 kg. The safety development that private cars have have continuous information about the outcome of such 

undergone during the last two decades has, however, in- changes by studying actual accidents. There are many 

fluenced the injury frequency in a positive way. ways to study such changes from an epidemiological point 

In this study the decrease in injury frequency due to of view. The use of hospital records is one way, in-depth 

seat belt use is shown as well as the redistribution of studies of all accidents from a representative part of the 
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country is another. However, one of the best ways is to Front sea~:passengers Rear seat passengers 
use an insurance material. In an insurance material both 78~ injured 

31 kmed \ / 
mortality and morbidity can be evaluated. Furthermore, 812 ........ ~ 

/210 
as information is available both from accidents with and 

~ Rear seat passengers 
without injured people, there is a possibility to study the I ~l I I I I 80 injured 
safety level of different types of cars, the influence of the 

/ -,,, age of the driver, etc. Economic evaluation of the con- 
sequences, both direct costs for the insurance company Dr~vers Rear seat passeogers 

t .518 injured 155 injured 

and indirect costs for society, can be made. Information 92 killed 6 killed 

that is normally stored can be completed through ques- i.610 ............ 161 

tionnaires and telephone calls. In a follow-up it is possible 
to see the outcome of curative and rehabilitative activities. 

Figure 1. Distribution of injured car occupants. 

Folksam, the largest motor insurance company in Swe- 
den, has accident prevention as an overall goal and has ance. During the studied period (1976-07-01~1977-06- 

during the last decade systematically studied traffic ac- 30) 80,891 accidents occurred that were reported to Folk- 

cidents, sam under tariff 01 (private cars for personal use only). 

The aim of this study was to show some of the pos- The distribution of the accidents can be seen from Table 

sibilities to study epidemiology by using an insurance 1. The number of private cars insured with Folksam rut- 

material. This presentation will be focused on five specific ing the studied period can be seen from Table 2. The 

questions, distribution of the injured is reported in Figure 1. 
Totally, 2,875 persons were injured or killed inside the 

.... 1. How does the size of the car influence the type and car. For 109 persons (106 injured and 3 killed) the position 

the frequency of bodily injuries? in the car is unknown; 

2. Is there any difference in the driver’s injuries when 
he has driven a new car compared to an old one? RESULTS 

3. How does the seat belt change the injury panorama 
in different severity grades of accidents? Car Weight 

4. Have all unbelted rear seat passengers the same Injury frequency among drivers is twice as high in a 
injury severity as a front seat occupant? 

car with a weight of 800 kg compared to a car weighing 
5. Can an unbelted rear seat passenger influence the 

injury risk among front seat occupants? 1,400 kg (Table 3 and Figure 2). 

Year Model and Production Start 
MATERIAL AND METHOD Car models have different production starts. A model 

The material consists of cases of damage with claims 
can be made for many years, e.g., several year models 

for compensation on the compulsory third party insur- 
are practically identical. This means that a row of year 
models with the same production start has the same safety 
level apart from minor modifications. The influence of 

Table 1. The total number of private cars involved in acci- 
dents broken down by type of accident. 

Table 3. Percentage share of injured drivers distributed on 

I 
Collision with more than 1 vehicle involved 77,268 car weight. 

Other types of accidents 3,623 Weight in kg No. of No. of % share of 

involved injured injured 

vehicles drivers drivers 

- 749 189 8 4.2 

Table 2. Number of private cars insured with Folksam during 750- 849 2,132 61 2.9 

the studied period (1976-07-01~1977-06-30). 850- 949 9,853 267 2.7 

950-1,049 14,195 333 2.3 

Number of insurances Number of accidents 1,050--1,149 17,955 358 2.0 

under annual risk with personal injuries 1,150--1,249 11,332 202 1.8 
(tariff 0l) 1,250--1,349 [ 15,264 219 1.4 

1,350-1,449 5,267 86 1 
711,989÷ 2,271 

1,450-- 1,255 17 1.4 

Unknown 3,449 59 1.7 
* Annual risk means that the duration of each insurance is counted as part 
of a calendar year. E.g. an insurance accepted on September 1st and in force Totall y 

i 80,891 
1,610 2.0 

for the rest of the year will get an annual risk of 1/3 = 0.333. 
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Figure 3. Injury frequency among drivers at different year 
models and production starts. 

Among cars weighing less than 1,100 kg the injury 
frequency among drivers is the lowest for cars with front 
engine mounting and front drive. For cars over 1,100 kg, 
cars with front engine mounting and rear drive have the 

weign~ lowest injury frequency. 

700 800 900 1000 1t00 1200 ]300 1400 1500 

Injury Severity Correlated to Car Weight, Year 
Figure 2. Percentage share of injured drivers distributed on 

car weight. Model, and Production Start 
Injury frequency is a way to calculate the risk for bodily 

the year model (the age of the car) and the production injuries in traffic accidents. This measure does not indicate 
start (the safety level of the car) can be seen from Figure the degree of severity of the injuries sustained. In order 
3 and Tables 4 and 5. to further elucidate the degrees of severity, we have en- 

There is a clear tendency showing that the injury fre- deavoured to find the answers to the following questions: 
quency decreases the newer the car. The tendency is the 

Is the degree of severity higher in small cars than in same for different production starts but the figures are 
large ones? somewhat inhomogeneous due to the fact that some years 

there are few car models with new production starts. 
However, a deep analysis has shown that the production Table 4. Number of vehicles involved in accidents broken 
start has a greater influence on car safety than the year down by production start. 

model. 
Production start No. of private cars 

Injury Panorama 1960 and earlier 13,257 
1961 962 

Injured drivers in small cars have more injuries in all 1962 2,545 
body regions apart from the face. Injuries to the face are 1963 1,976 

often caused by the steering wheel and in most cars the 1964 279 

distance to the steering wheel is the same irrespective of 1965 6,770 
1966 2,620 the size of the car. Injuries to the rest of the body are 
1967 15,181 

due to the fact that the interior of the car is closer to the 1968 3,768 
body in smaller cars resulting in a violent contact with 1969 8,036 
the body in case of an accident. 1970 1,844 

1971 5,253 
1972 4,562 The Influence of Engine Mounting and Type 1973 3,431 

of Drive 1974 1,182 

The cars in the study" are divided into 3 groups ac- 1975 4,559 

cording to engine mounting and type of drive. In Tables 1976 874 
1977 343 6-8 the injury frequency among drivers is shown for cars 
Unknown 3,449 

with front engine mounting and front or rear drive and 
with rear engine mounting and rear drive. Totally 80,891 
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Table 5. Number of vehicles involved in accidents broken Table 6. Injury frequency among drivers related to engine 
down by year model, mounting/drive and production start. Car weight 

below 1,100 kg. 

Year model No. of private cars Injury frequency among drivers 

Production Front engine Front engine Rear engine 

1963 3,637 start mounting/ mounting/ mounting/ 
1964 2,392 rear drive front drive rear drive 

1965 3,718 1960-1966 3.0% 2.8% 38% 

1966 4,009 
1967-1971 2.2 % 1.9 % 2.0 % 

1972- 2,3 % 1 7 % - 

1967 3,630 
1968 4,569 
1969            6,431                          Table 7. Injury frequency among drivers related to engine 
1970 6,205 mounting/drive and production start. Car weight 
1971 6,031 1,100 kg. and over. 
1972 6,74 ! 
1973 7,582 Injury frequency among drivers 

1974 7,228 Production Front engine I 
Front engine Rear engine 

start mounting/ mounting/ mounting/ 

.......... 1975 10,252 rear drive i front drive rear drive 

......... 1976 5,379 1960-1966 2.2% 1.8% 2.6% 

1977 2,176 t967-t971 1.5% 
1.8% 

- 

Unknown 911 
1972- ~ 1.4% 

- I - 

Totally          80,891 

Table 8. Injury frequency among drivers related to engine 
mounting/drive and car weight. 

Injury frequency among drivers 

Car weight Front engine      Front engine      Rear engine 
mounting/ mounting/ mounting/ 

i rear drive front drive rear drive 

850-1049 I 2.5 % 2.2 % 3.3 % 

1050-1449 

1450- 

Small car 
Big car 

N = 28,392 N = 51,604 

0.57% 0.39% --Is the degree of severity higher in old cars than in 

0.19% 0.17% new ones? 

--Does the distribution of injuries on different body 

areas differ for small and large cars? 

0.32%illi/ 

! .......... 

0.22% 
--What effect has the safety belt on car safety? 

The cars involved in accidents in this study have been 

divided into different groups concerning their production 

% 

considered old, production start later or equal to 1972 is 

~ a new one. In group 2 an old car has a production start 
0.09% 

~ 

--- ’ before 1967 and a new one equal or later than 1967. A 

heavy car is determined by 1,100 kg or more and a light 

one by less than 1,100 kg. 

Big, new cars have the lowest injury risk for all severity 

grades (> 1,100 kg, production start > 1972 and > 1967 

respectively). Small, old cars have the highest injury risk 

for all severity grades (< 1,100 kg, production start < 
0.57% 0.32% 

1972 and < 1967 respectively). The injury risk for small, 

new cars almost reaches the safety level of big, old cars 

(Figures 5-6 and Tables 9-10). 

General 0.13% General 0.14% 

Influence of Seat Belts 

Table 11 shows the belt usage rate among the different 

Figure 4. Injury panorama among drivers, a comparison be- types of injured car occupants in the present study. All 

tween small and big cars. cases where the belt usage is uncertain are in the unknown 
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Table 9. Risk figures for cars with production start < 1972 ~i, 
~ Small old car <~ 1,100 kg. production start < 1972 

and > 1972. 
~ Small new car <~ 1,100 kg. production start ~,~- 1972 

"l~ 

~ Big did car ~ 1,100 kg. production start <~ 1972 Minor Moderate Severe Killed 

~ Big ....... > lfi00kg production start ~ 1972 
injury injury injury 

Big new cars 100 100 100 100 

~ Big old cars 121 131 105 180 

~ ~,~ 
Small new cars 121 121 126 220 

Small old cars 181 223 178 380 

i ~ 1 _~’ group. The belt usage rate is judged from police reports, 
~ ~ hospital records, questionnaires, and telephone calls. The 

~ ~ 
belt usage rate for front seat occupants in this study is 

......... ~,~ . ~: ...... r--I ~" ~ 80%. 

Figure 5. Injury frequency among drivers in %, broken down Comparison between Belted and Unbelted Drivers. 
by production start, car size, and degree of so- Among the injured/killed belted drivers 58.2% had a very 
verity, production start < 1972 and >~ 1972. slight injury compared to 44.4% for injured/killed un- 

belted drivers. Severe injuries occur twice as often among 

unbelted drivers and these are killed three times more 

often than those belted. Injury severity increases with 

increased speed limits on the site of the accidents. Thus 

almost 1/3 of the injured/killed unbelted drivers got se- 

rious injuries or were killed when the speed limit exceeded 

50 km/h on the site of the accident. Only 1% were killed 

and 5.1% seriously injured among the belted drivers when 

the speed limit was less or equal to 50 km/h. 

[~ Small old car < 1,100 kg. production start <~ 1967 
Comparison between Belted and Unbelted Front Seat 

* ~, Passengers. The difference in injury severity between 
"~ ~ Small new car < 1,100 kg. production start ;- 1967 

belted and unbelted front seat passengers is smaller com- 

~ Big old ca, ~ 1,100 kg, production start ’~ 1967 pared to belted and unbelted drivers. No belted front seat 

~ Bi~ new car 1,100 kg, production start 1967 passenger was killed when the speed limit was 50 km/h 

or less. Among the belted front seat passengers 50.5% 

had slight injuries compared to 51.2% for those unbelted. 

40.3% of the belted front seat passengers had moderate 

to severe injuries compared to 45.6% for those unbelted. 

Distribution of Personal Injuries for Different Body Re- 

gions and Injury Severity due to Seat Belt Effect. Another 

way to study the seat belt effect is to compare the dis- 

Table 10. Risk figures for cars with production start < 1967 

[2-]~r~1~                              and > 1967. 

~ ~--~ ~¢ Minor Moderate Severe I Killed 

............. t injury i injury injury 

Big new cars ! i00 100 100 100 
Minor injury Moderate injury Sever~ ir~iurv K~lled 

Big old cars 135 137 200 112 
Figure 6. Injury frequency among drivers in %, broken down Small new cars 131 119 180 125 

by production start, car size, and dgree of severity, 
production strt < 1967 and > 1967. Small old cars 185 237 240 275 
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Table 11. Belt usage among drivers and passengers. 

Front seat Rear Seat 
Driver passenger passenger 

Survivors Belted 812 423 17 

Unbelted 169 123 243 

Belt usage unknown 535 203 49 

Fatalities Belted 27 14 1 

Unbelted 20 4 10 

Belt usage unknown 45 12 2 

< 14 years old 2 33 131 

1,610 812 453 

tribution of injuries due to the seat belt use. Figures 7-8 For example, if an injured person has got the following 

show the injury severity for different body regions. The injuries head AIS 3, arm AIS 2, stomach AIS 2, the ISS 

ISS has been divided into 4 groups: will be 17. If the person survives, he belongs to the group 

of severely injured. The head has AIS 3 and its contri- 
Slight injuries (survivors) 1-3 

bution to the ISS is 9. 9 out of 17 is 53%. The corre- 
Moderate injuries (survivors) 4-10 

sponding figures for arm will be 4 out of 17 which is 
Severe injuries (survivors) 11- 

23.5% and the same for the stomach. If a person has got 
Fatal injuries only 1 injury, it will contribute 100% to the ISS sum. In 

The body is divided into 6 regions: head and neck Figures 7-8 can be seen that the redistribution of injury 

injuries, facial injuries, injuries to the extremities or to for different body regions and injury severity due to seat 

the pelvic girdle, chest injuries, abdominal injuries or belt use is mainly concentrated to a decrease of head 

pelvic contents, general injuries, e.g., bums. injuries for serious and fatal injuries, while facial injuries 

All injuries have been classified according to the AIS- increase in severity more for belted than unbelted drivers. 

system where an AIS 1 is a very slight injury and AIS 6 Belt Usage in the RearSeat. Because of rising fuel prices 

is a fatal injury. To get a picture of the severity of all and propaganda for ride-sharing, we can expect the hum- 

injuries to an injured person the ISS (Injury Severity her of occupants per car to increase. How safe are you 

Score) can be used. ISS is the sum of the squares of the then in the rear seat? A comparison of the degrees of 

three highest AIS on different body regions. Thus it is severity for all injuries between unbelted front seat and 

possible to judge to what extent an injury to a certain rear seat passengers shows that the latter have a higher 

body region contributes to the ISS. In the figures the share of severe injuries (see Table 12). 

contribution in percent for each injury can be calculated. . Norin, Tingvall et al. 1980 showed that the injury fre- 

Figure 7a. Injuries distributed according to severity (ISS) and     Figure 7b. Injuries distributed according to severity 0SS) and 
body region for belted drivers,                            body region for unbelted drivers. 
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Table 12. Percentage distribution of injuries among unbelted 
drivers and front seat passengers compared to 
unbelted rear seat passengers. 

Positio~ Degree of severity in , for 
different ISS intervals 

l - 3 4 - lO II - 

:nbe~ted drivers 49 29 22 ; 

ir~be]ted front seat pass, 54 35 S l] 

Unbelted rear seat pass, 49 33 18 : 

quency as well as the injury severity are similar for all 
occupants’ positions if unbelted for individuals over 15 
years of age. This was also found by Andersson. These 
studies were made on Volvo and Saab cars respectively 
involved in accidents over a certain repair cost limit. In "~:~ 

the present study it can be shown that the injury severity 
is similar for the 3 groups of unbelted occupants. Figure 8a. Injuries distributed according to severity (ISS) and 

Experimental as well as single case studies have shown body region for belted front seat passengers. 
that rear seat passengers become an increased risk for 
front seat occupants when rear seat passengers move for- 
ward against front seat occupants in an accident. This 
risk primarily occurs when the collision direction is fron- 
tal or almost frontal. 

In the present study this effect called the "rucksack 
effect", is defined as when an injured rear seat passenger 
in a collision direction 10-2 (in a clock diagram) sitting 
at the same side of the car as the front seat occupant 
affects the injury risk of the front seat occupant. Four 
different situations have been studied. For one of them 
the injury frequency should be affected according to the 
definition of Table 13. 

In the three groups according to the definitions "not 
affected by rear seat passengers" the hypothesis of dif- 
ferent proportions of injured front seat occupants can be 
rejected. 

X2 = 1.08 < X2 (2)0.05 = 5.99 

The difference between the proportion affected and Figure 8b. Injuries distributed according to severity (ISS) and 

unaffected groups is statistically significant (t < 4.77 body region for unbelted front seat passengers. 

t 0.05 = 1.96). The conclusion is that apart from the fact 
that both the injury frequency and injury severity are 

DISCUSSION similar for front and rear seat occupants, there is, ac- 
cording to the definition of the rucksack effect, a higher This paper has shown some of the possibilities to study 
risk t’or injury for a front seat occupant when an unbelted traffic accidents using an insurance material. In the in- 
rear seat passenger is sitting behind in a frontal collision, surance records there are a lot of basic data that can be 
The average number of injuries and the injury panorama used. In this study all available data about cars have been 
are similar, completed by using car weight, production start, location 

Table 13. Proportion of injured front seat occupants for different combinations of seating position and collision directions. 

Collision direction 
Front seat Occupants combination Collision direction save frontal in- 
occupant vs. rear seat occupants frontal (10-2) cluding roll-over 

Diagonal side 32/88 = 36.4% 24/80 = 30.0% 

Same side 75/132 = 56.8% 48/150 = 32.0% 
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of the engine and type of driving. In cars where persons vehicle construction is linked to medical data. It is ira- 
that have sustained injury deeper investigation has been portant to study the effect of changes in traffic environ- 

made; hospital records, police reports, and questionnaires ment in order to improve positive trends and to stop 

have completed the information about car belt use and negative ones. Trends shown in this study are: 

personal injury. 
1. Small cars have a higher injury frequency than big 

The rising number of small cars and their ability to 
cars. 

adequately protect their occupants are continuing con- 2. Small cars have a higher injury severity compared 
cerns of vehicle and highway safety experts. The physics to big cars. 
of smaller cars prevent them from offering as much car 3. Drivers in small cars have more injuries in all body 

........... protection in every situation as larger cars. This study areas except for the face. Face injuries are often 
........... shows that small cars have a higher injury frequency than caused by the steering wheel. An improvement of 

big cars but the difference decreases when a small, new the steering wheel construction is desirable. 
car is compared to a big, old one. As to year model and 4. The difference in injury severity and injury fre- 
production start it is evident that the latter has more quency is levelled out for new cars. The efforts to 
influence on injury frequency. Production start means a make the interior of the car safer have been suc- 
fundamental change of the construction of the car and 

cessful. 
many changes are intended to increase the safety level. 5. Unbelted rear seat occupants have the same injury 
Different year models with the same production start have severity as unbelted front seat occupants. 
only minor changes. These changes have less influence 6. Unbelted rear seat occupants are a considerable risk 
on car safety than the fundamental ones for different 

for front seat occupants. 
production starts. 

.... It has also been shown that the seat belt diminishes 
the injury severity both for the driver and the front seat REFERENCES 
passenger. The seat belt makes a redistribution of injuries 
for different body regions and this redistribution is mainly 1. Joksch, Hans; Analysis of the Future Effects of Full 

concentrated to a decrease in head injuries, serious and Shortage & Increased Usage upon Traffic Death & 

fatal ones. Head injuries are the main killer for all types Injuries, US Department of Transportation, Jan. 1976 

of traffic accidents and the importance of seat belts is Report Nr:DOT-Tsc-OST-75-21. 
2. O’Neill, Brian; Ginsburg, Marvin; Ro’bertsson, Leon; obvious. Few rear seat passengers were belted and an 

unbelted rear seat passenger had the same injury severity The Effects of Vehicle Size on Passenger Car Occupant 

as an unbelted front seat occupant. Furthermore, it is Death Rates, Society of Automotive Engineers Pas- 

shown that a rear seat passenger who is not belted is a senger Car Meeting, Sept. 1977. 
3. The Costs of Automobile Safety Regulations, US De- considerable risk for front seat occupants in case of an 

...... accident, partment of Transportaton. 
.... 4. Norin, H., Nilsson-Ehle, Saratek, E., Tingvall, C.; Bit- 

’"    °k biiltets skadereducerande effekt hos baksatesa ande, 
CONCLUSIONS Rapport frfin Volvo Personvagnar AB och Trafiks~ik- 

erhetsverket. 

It is hoped that this paper has shown clearly that an 5. Bohlin, N. I.; A Statistical Analysis of 28,000 Accident 
insurance material has an enormous potential for amass- Cases with Emphasis on Occupant Restraint Value; 

ing information about traffic accidents, especially when 1 lth Stapp Car Crash Conference 1967. 

637 



EXPERIMENTAL SAFETY VEHICLES 

Pedestrian injury Accidents 

Fleport by a working group of . Chapter 3: Current knowledge in injury mechanisms 

THE EUROPEAN EXPERIMENTAL and human tolerances. 

VEHICLE COMMITTEE o Chapter 4: Increasing pedestrian safety by improve- 

ment of vehicle design. 

o Chapter 5: Test and assessment methods. 
ABSTRACT 

The European Experimental Vehicle Committee set up SUMMARY 
a working group to examine how car design could take 

into consideration pedestrian accidents in European coun- Importance of the Problem 
tries. This report, prepared by the group, deals with pe- 

In the countries studied, pedestrian fatalities ranged 
destrian accidents statistics and description, injury 

between 13 and 33 % of the entire number of people killed 
mechanisms and human tolerances, improvement of ve- 

in traffic accidents, children of less than 10 years and 
hicle design, test and assessment methods. It states some 

priorities for action and recommends a number of topics 
adults of more than 60 years being particularly involved. 

The data also show that injured pedestrians represent an 
for further research, 

important percentage of all traffic accident casualties. The 

uncertainties concerning data acquisition and the dispar- 

FOREWORD ities of definitions between countries makes it more dif- 

ficult however, to determine a quantitative valuation for 

Reducing pedestrian accidents is a very important task this aspect, despite the serious consequences of permanent 

to improve traffic safety. One of the most important coun- disability and the cost of recovery from injury. 

termeasures is to reduce the actual driven speed of cars, The difficulties that exist in obtaining accurate and 

specially in built up areas, since only few fatal accidents compatible accident data, which depends upon the co- 

occur below 30 km/h and many accidents above 50 operation of many different organisations in each country 

Km/h are fatal. This report is not concerned with this (police, hospitals, etc.) are fully realised; nevertheless the 

matter, but discusses according to the general task of group considers that further attention should be paid to 

the EEVC--appropfiate means applied on vehicles to this problem in order to provide data that are more useful. 

lower the severity of pedestrian injuries. 

Description of the Accidents 
INTRODUCTION 

The study of the statistics of different European coun- 

tries shows that the pedestrians killed or injured in ac- 
Conscious that accidents in which pedestrians are 

cidents are especially either children or old people. 
struck by cars constitute one of the major problems to 

be taken into consideration in designing safer vehicles, 
Figures 1.1. to 1.4. show that age groups 5 to 15 years 

and more than 60 years are clearly over-represented (the 
the EEVC in 1980 set up a Working Group on pedestrians 

first group especially under "injured", the last one under 
injury accidents, giving to it the following terms of ref- 

"killed"). 
erences. 

The vehicle hitting the pedestrian is a passenger car in 
To review the available accident data concerning in- 

juries to pedestrians of different ages involved in road 
the large majority of the cases (at least 80%). 

There is no accurate and reliable information available 
accidents in Europe and make recommendations includ- 

ing priorities for action, for reducing the numbers and ~ 
on the distribution of the vehicle speed at the moment of 

severity of such injuries. The group will start its work 
impact because a simple and precise method of deter- 

after the October 1980 meeting of the ESV-Conference 
mining this quantity does not exist for real world pedes- 

trian accidents. Some values are published however and 
and will report to the EEVC by October 1981. 

it seems that the 50th percentile of the speed of impact 
The Report prepared by the Group, in order to meet 

of the vehicles involved in the pedestrian accidents is 
this requirement, is broken down into the following parts: 

included in the range 16/36 km/h and the 90th percentile 

¯ Summary in the range of 44/58 km/h. 

¯ Priority for action As for other types of accidents, the speed of the vehicle 

~ Recommendations for future research is a major factor that influences the severity of the re- 

¯ Chapter !: Pedestrian accident statistics in relation sulting injury and measures which tend to reduce this 

to the overall accident situation,             speed are always helpful in terms of pedestrian safety. 

, Chapter 2: Description of pedestrian accidents.           Pedestrian body areas, most frequently injured are head 
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r-i 

..... injured I I injured 

...... B B I 

200. 

100’ 

0 +0    20    30    40    58    60    70    eO    90    100 

Figure 1.1. Number of killed (B) and injured (A) pedestrians Figure 1.3. Number of killed (B) and injured (A) pedestrians 
per 100.000 people of the different age groups, per 100.000 people of the different age groups, 
Federal Republic of Germany 1979 [9]*. Great Britain 1978 [6/7]*. 

* Mind the different scales for A (injured pedestrians), *Mind the different scales for A (injured pedestrians). 

60’          15’                     killed 
150"         15~            ~ killed 

..... injured                                                                   ~ ..... seriousl~ injured 

Figure 1.2. Number of killed (B) and injured (A) pedestrians Figure 1.4. Number of killed (B) and seriously +njured (A) 

per 100.000 people of the different age groups, pedestrians per 100+000 people of the different 

The Netherlands 1979 [4]*. age groups. France 1978 [8]*. 

"Mind the different scales for A (injured pedestrians)+ *Mind the different ~ales for A (injured pedestrians)+ 
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and lower limbs, followed by the arms, the thorax and Reduction of the Severity of Accidents by Im- 
the pelvis. If we consider only the severe injuries, the provement of the Conception of the Vehicle 
order of the three areas is different but the head and the 

lower limbs stay more frequently involved. 
The analysis of accidents and of injury mechanisms 

shows the importance of the kinematics of a pedestrian 
The cause of injuries (vehicle or ground) is difficult to 

during an accident. Compared with car occupants whose 
determine in real world accidents because the same area 

of the body can successively strike both the vehicle and 
position at the moment of an accident is roughly always 

the ground; also an impact with the ground generally 
the same, the pedestrian can be hit by different elements 

leaves no trace. The data suggest however that above a 
of the car and in varied configurations; the position in 

value of impact speed (possibly between 20 and 30 
which he falls to the ground is also variable. This com- 

km!h) the vehicle is the leading cause of injury, 
plexity is worsened by the variety of the victim’s stature, 

Injuries caused by the vehicle are especially attributable 
particularly with respect to the considerable proportion 

to the bumper or bonnet leading edge striking the lower 
of children involved. 

The characteristics of car design must therefore be con- 
body regions, while injuries to the head result from im- 

sidered under two requirements: 
pacts to the bonnet or the windscreen area. 

The shape of the front of the car has an influence on --their influence on the general kinematics of an ira- 

the pedestrian kinematics, not only on its trajectory but pacted pedestrian which mainly depends on their 
also on the velocity of each body segment. The kinematics geometric definition (shape of the front end of the 
of a pedestrian is a major factor in determining the oc- car). The kinematic response directly controls the 
currence of contacts between the different body segments impact speed of the head, for example against the 
of a pedestrian and areas of a vehicle, or the ground and bonnet, the windscreen or its frame; 
also the impact velocity of these contacts. --their behaviour in the direct impact against areas of 

The shape of the front of the vehicle is therefore im, the body, which is related to their stiffness and their 
portant because it can influence the location, occurrence capacity of energy absorption. 
and severity of impacts to different body segments against 

a vehicle and the groundl Some improvements of the design of the vehicles can 

bring safety benefits in two ways: 

---by localised improvements in the behaviour under 

impact of the most aggressive components; 

Tolerance Limits and Estimation Criteria --a more general and widespread improvement may 

result from controlling the kinematics, in particular 
The choice of criteria to allow an estimation of the by limiting the impact speed of the head and the 

pedestrian protection performance of a vehicle, will be rotational speed of the body. 
dependent on the type of simulation chosen. For a com- 

plete assessment the criteria should consider the head, The published data concerning the relationship between 

the thorax, the pelvis and the lower limbs, a vehicle’s configuration and the kinematics of an ira- 

Head criterion. The current standard for assessing head pacted pedestrian do not allow precise conclusions to be 

impact severity is HIC with a tolerance limit of 1000. drawn. A more uniform definition of characteristic vehicle 

The Group considers however that a more complete un- shapes and dimensions would be a starting point from 

derstanding of injury and tolerance levels of the head is which to make progress in this field. 

necessary. 

Thoracic criterion. A criterion of deflection seems the 

most pertinent and the value of 30% deflection would be 

acceptable. Crash Simulation 
Pelvis criterion. A value of a limited strength seems There are three main ways of pedestrian accident sire- 

more realistic than a value of acceleration. It is anticipated ulation: 

that current research will determine a suitable value in 
--the full-scale tests in which a vehicle hits a dummy 

the near future. 
(or possibly a cadaver); 

Tolerance tbr the lower limbs is related to the bending 

moment at any section of the limb, but the location of 
--the rig tests in which an impactor simulating a seg- 

ment of human body hits a chosen area of a vehicle; 
the maximum bending moment is difficult to predict and 

--the mathematical modelling of a vehicle hitting a 
its position may change for different shapes of car front. 

pedestrian. 
Measurement of this quantity is therefore difficult and a 
possible solution is to equip dummies with frangible lower Full-scale tests use dummies to represent a pedestrian 
limbs which fail at a chosen level, that corresponds to and to assess the interaction between the vehicle and the 

the tolerance, pedestrian. The tests are complicated, have poor repeat- 
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ability and their high cost makes an extensive series of complexity of this problem particularly with regard to 

tests very expensive, the very different size of victims (children, elderly people) 

The value and scope of this form of test is to a large and that of very different injury types (of which the most 

extent restricted by the limitations of the design of existing frequent are those to the lower extremities and to the 

.... pedestrian dummies (realism, reproducibility, faithful- head). 

ness). Work in progress on dummies for side impact work Thus, the only improvements to the car that the Group 

should assist in the design of pedestrian dummies that can at this moment encourage, concern the following: 

have a more realistic performance. 
1) the use of energy-absorbing materials in the front 

Rig tests cannot give a global view of the safety po- 
structures of cars; 

.......... tential of a vehicle for a pedestrian and in particular give 2) the elimination or masking/concealing of car fea- 
no evaluation of the kinematics; moreover, the values of 

criteria to be taken into consideration have to be deter- 
tures that are aggressive by their rigidity or their 

shape (windscreen frame and scuttle, A-pillars...). 
mined empirically from full-scale tests, However, the re- 

sults of these tests depend on the behaviour of the Even though it is not possible on the basis of these 

dummies which will, therefore, also influence the rig test general recommendations to propose definitive rules for 

criteria. In the case of a regulation, rig tests could have vehicle construction, vehicle manufacturers should be en- 

the advantage of being simple, reproducible and could couraged to take account of the above general recom- 

classify the capabilities of energy absorption of several mendations for development when making improvements 

components of the vehicles, to their vehicles. 

Mathematical models are very interesting tools because In parallel, the more in-depth research indicated in the 

they have a perfect repeatability and they therefore enable following recommendations, which is necessary before 

an assessment of the influence of even minor modifications establishing a regulatory test procedure concerning pc- 

to a vehicle. They are cheap in use and can even be used destrian safety, should be undertaken. 

before the vehicle is actually produced. However, they 

can give good results only if they are correctly validated. 

Since the validation is principally based on the results of 
RECOMMENDATIONS FOR FUTURE 

full-scale tests, mathematical models suffer from the pre- 

......... viously discussed limitations of existing dummies and fur- 
RESEARCH 

.... ther development and validation will be necessary, 

particularly in order to reproduce improved test methods. 
1. More notice should be given to pedestrian accidents, 

No single method, from amongst the three proposed 
especially to: 

above can give an overall evaluation of the safety offered --accident registration systems; 

by a vehicle in its interaction with pedestrians, but all --standardisation of definitions and registration to 

three methods can be looked upon as being complemen- give data that are more useful and also directly 

..... tary. comparable internationally.. 

---Because of their low cost, component tests make it 
2. The safety benefits to be expected from improvements 

possible to verify a larger number of situations than 
in vehicle design seem to be most important for the 

speed range up to 40 km/h, and research should be 
the full-scale tests. 

--The mathematical model makes it possible to per-        focused on that speed range. 

3. More attention should be paid to long-term conse- 
form full-scale tests in what are, a priori, the most 

critical configurations for pedestrian protection: in- 
quences of injuries; this is considered a deficiency of 

versely, the full-scale test is necessary to validate the 
existing injury-scaling systems (like AIS). In pedes- 

trian casualties even "minor" (e.g., ligament) injuries 
kinematics established by the mathematical model. 

seem to be important under this respect. 
--The mathematical model provides impact speeds to 

4. Further research is needed into injury producing mech- 
be taken into consideration in component testing: 

anisms (e.g., the influence of translational and rota- 
inversely, certain parameters of the model (charac- 

teristics of rigidity) must be measured by means of 
fional accelerations on the brain) in order to develop 

more pertinent protection criteria for head injuries. 
component testing. 

5. The present knowledge on lower limb tolerance levels 

PRIORITIES FOR ACTION 
is not satisfactory and a more precise range of values 

should be determined for this tolerance. The influence 

The Working Group has examined the possibilities of of mss, height and ge on the tolerance limits should 

pointing out avenues for immediate action that would be determined. 

lead to improvements for vehicles in terms of pedestrian 6. Further research is needed on the influence of vehicle 

safety, characteristics (shape, stiffness of impacted parts...) 

The Group has run up against the difficulty of the on the victim’s kinematics and the resulting injury" 
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patterns and severity. A uniform definition- of char- Definitions 
acteristic vehicle shapes and dimension parameters 

Part of the differences between the numbers who were 
must be developed, 

killed or injured in the different countries can be ascribed 
7. The dummies presently available are not satisfactory 

to differences in definitions, and some of these are there- 
fi~r reproducing pedestrian kinematics and further re- 

fore given: 
search is needed to obtain dummies that give a more 
realistic representation of pedestrians. The definition of traffic accidents [2]: 

8. When using human substitutes for pedestrian protec- Accidents included are those: 
tion research and tests, examples should be chosen 
that represent the age, height .... of pedestrians most (a) which occurred or originated on a highway or street 

frequently involved in accidents. These differ from the open to public traffic, 

50th percentile rnale commonly used in vehicle oc- (b) which resulted in one or more persons being killed 
cupant and pedestrian tests, or injured, and 

9. Available mathematical models should be further val- (c) in which at least one moving vehicle was involved. 
idated. 

These accidents therefore include collisions between 
vehicles, between vehicles and pedestrians, and between 

CHAPTER 1. 
vehicles and animals or fixed obstacles. 

Single vehicle accidents, in which one vehicle (and no 
ACCIDENT STATISTICS IN    other road user) was involved, are excluded. 

RELATION TO THE OVERALL ACCIDENT 
Multi-vehicle collisions are counted as only one acci- 

SITUATION 
dent, provided that the successive collisions happen at 
very short intervals. 

The definitions of a pedestrian differ in some countries. 
.SUMMARY For instance in the United Kingdom [3] and The Neth- 

erlands [4] it includes persons riding toy cycles on the 
Tables are given of numbers of killed, seriously and footpath, persons pushing for instance bicycles, but in 

slightly injured pedestrians and other road users for the Germany these groups are not included [5]. 
countries participating in this Working Group* for the Definitions of"traffic accident death" are generally the 
years 1975 to 1979, (statistics for 1980 are generally not same for most of these countries; they concern victims 
yet available). Some information is also given for Italy. who die within 30 days of a traffic accident, with the 
Finally an age distribution for killed and injured pedes- exception of France and Italy where a period respectively 
trians is included for the year 1979. of 6 and 7 days is used. Comparable figures can be cal- 

Differences in the definitions of some of the terms used culated, for which a factor of 1,09 for France and 1,07 
by the various sources of statistical information are dis- for Italy for all road users is used [1]. Care must be taken 
cussed, when using this factor for a specific group of road users, 

for instance pedestrians. 
Greater differences exist in the definitions of seriously Sources and Definitions 

and slightly injured. In Germany and The Netherlands 
the criterion is whether the victim has been hospitalized 

Sources 
(in-patient) or not and in France whether the duration of 

Statistica! material for this chapter comes from the the hospitalisation is more or less than 5 days. In the 

official national statistical authorities, i.e., for: United Kingdom and Sweden no precise definition exists 
for all cases: A casualty detained in hospital as an in- 

-Federal Republic of Germany "Statistisches Bun- patient should always be classified as serious. Examples 
desamt" of (other) serious injuries are: fracture, internal injury, 

--France: "Statistiques Nationales" severe cuts, crushing, concussion, severe shock requiring 
--~qae Netherlands: "Centraal Bureau voor de Statis- 

hospital treatment, injuries to casualties who die more 
tick" than 30 days after an accident. 

--Sweden: "Official Statistics of Sweden" and "Swedish Slight injury: any non-fatal injury not classified as se- 
Road Office" rious. 

--United Kingdom: "National Road Accident Statis- Examples are: sprains, bruises, minor cuts, slight shock. 
tics" There are however some other factors which cause a 

--Italy: "Ministero dei Trasporti". part of the differences in the numbers presented by the 
countries. 

* Federa~ Republic of Germany, The Netherlands, Sweden, the United Kingdom and 
Fray. mCriteria for hospitalisation differ from country to 
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country, and even between hospitals within coun- --France and United Kingdom: The total traffic death- 
tries, toll varies from 1975 to 1979 whereas the pedestrian 

--National statistical authorities get their information share falls off. 
from police reports. Presence of policemen therefore --Germany and The Netherlands: The total number 

........ is a condition for admission into the databank, this varies from 1975 to 1978 and decreases in 1979. 
presence being strongly influenced by the seriousness Furthermore the proportional share for pedestrians 
of the accident, goes down. 

Less serious accidents are often not reported to or by 
--Sweden: The total number killed in traffic decreases 

the police: this is more common in some countries than 
from 1975 to 1978 and decreases sharply in 1979, 

in others. It is safer to compare the relative proportion 
while the percentage for pedestrians rises in that last 

of injured pedestrians because the above-mentioned dif- 
year. 

ferences between countries may apply a great extent to 
wItaly: The total number killed in traffic accidents 

both pedestrians and other casualties, 
decreases from 1975 to 1978, but rises in 1979, con- 

Reporting of traffic fatalities will be about 100 percent, 
trary to the other countries. The pedestrian share 

so comparisons based on the number of deaths will be 
decreases in all these years. 

far more reliable than those based on the number injured. 

Distribution of Pedestrian Casualties by Age 
Numbers To know something more about the pedestrians that 

Although it seems to be difficult to compare the num-     are killed or injured in road accidents, a distribution of 
bets of the injured road users for the different countries, casualties by age is made. 

it follows from the numbers of the fatalities that the Age is one of the pedestrian parameters, which is easy 

pedestrian accident situation is an important one to get, and is related (to some extent) to height and 

(Table 1.1.). resistance against injury. 

The proportional share of killed pedestrians shows re ..... The distributions were not available on the same base 

markable differences from 13,3% in the Netherlands to for all the countries. Therefore a subdivision is made into 

33,3% in the United Kingdom in 1979. For the other a number of common classes: 

countries the figures are: Less than 15 years, 15 to 64 years and more than 64 

Germany 23,9% years (Table 1.4.). The percentage of the fatalities in the 

Sweden 22,7% 0.14 year group ranges from 9,0% in Sweden to 22,4% 

France 17,1% in The Netherlands. The age group 15-64 years, from 

....... Italy 21,5% 35,4% in Germany and The Netherlands, to 48,8% in 
........ France. And the elderly adults from 35,4% in France to 

This may be partially explained by a difference in the 55,6% in Sweden. For the injured the age distribution 

modal split. For instance in The Netherlands the bicycle generally shows an opposite tendency. With the excep- 

is very popular and as a result of this high exposure, many tions of Sweden and Italy: the percentage of the injured 

bicyclists are injured and killed in accidents (in 1979 more in the age group Or 14 years is much higher than for elderly 

bicyclists than pedestrians were killed: 19,9% against adults. 

13,3%). The number of seriously and slightly injured An indication of the risk that pedestrians from specific 

casualties, show the same tendencies (Tables 1.2., 1.3.): age groups have of being killed or injured in traffic aco 

11,9% in The Netherlands against 22,8% in the United cidents, may be obtained by relating the numbers killed 
Kingdom for seriously injured pedestrians; for slightly ...... or injured to the corresponding population in each age 
injured the figures are 8,5% against 18,7% (all figures group. 

for 1979). Several other exposure measures such as miles tray- 

The less serious the injuries, the lower is the relative elled, or time in traffic are used in calculating risk factors. 

pedestrian share. A possible explanation: pedestrian ac- Discussion about the most suitable criteria is still going 

cidents generally lead to more life-threatening injuries on. 
than other accidents. Another reason may be that with Details of age distribution were available for France, 

pedestrian accidents generally there will be less damage Germany, The Netherlands and the United Kingdom 

to the car (etc.) involved, which may result in less in- (Table 1.5-1.8.; Figs. 1.1.-1.4.). 

volvement of--and reporting by--the police, especially in The number of casualties differ between the four court- 
cases of less serious injury, tries, but there is a similar trend between them: 

Different tendencies during the years 1975 to 1979 can The elderly are over-represented in the death-toll, while 

be recognised in the countries: the contrary is true for the injured. 
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Table 1.5. Detailed data from West Germany 1979 [5/9]. 

Fatally injured pedestrians                  Injured pedestrians 
Age group 

........ (from under ..................... Per Per 
......... to ........................ years) 

M~,~e 
Females 

~.~ 
I00,000 

~.~ 
I00,000 People in this 

~ 
persons Slightly Seriously persons age group 

-~ < 6 118 78 196 5.6 3207 2836 6043 171.3 3,528,116 
~: 6-10 101 81 182 6.0 5110 4148 9258 307.7 3,008,564 
O ! 0-15 57 36 93 1.8 3686 2660 6346 126.0 5,035,455 

15-18 42 44 86 2.8 1675 1099 2774 89.3 3,! 06,566 
18-21                            43       21        64       2.2     1379      900     2279      78.2    2,914,553 

~ 21-25 74 12 86 2.4 1351 826 2177 61.3 3,551,247 
~ 25-35 114 33 147 1.8 2601 1385 3986 49.3 8,079,867 
< 35-45 214 48 262 2.8 2957 1838 4795 51.4 9,335,784 

45-55 193 65 258 3.5 2427 1604 4031 54.1 7,453,323 
55-65 157 !43 300 5.1 2162 1678 3840 65.7 5,845,819 

~ 
> 65 673 808 1481 15.6 4932 5500 10432 109.8 9,499,539 

Without 
information 3 -- 3 -- 139 50 189 -- 

61,358,833 

Table 1.6. Number of killed and injured pedestrians; number of killed and injured pedestrians per I00,000 people of the 
different age Iroups in 1979 in The Netherlands [4]. 

People in this age Killed per Injured per 
Age [years] Killed Injured group 100.000 100.000 

O- 4 17 430 882,115 1,93 48,7 
5- g 32 1.391 1,O79,301 2,96 128.9 

10-14 10 677 1,222,704 0,82 55,4 
15-19 19 452 1,247,665 1.52 36,2 

20-24 10 286 1,191,238 0,84 24,0 ... 
25-29 5 208 1,146,856 0,44 18,1 

30-34 6 191 1,187,724 0,51 16,1 

35-39 7 136 915,761 0,76 14,9 

40-44 5 124 804,944 0,62 15,4 
45-49 11 134 767,397 1,43 17,5 

50-54 6 136 727,818 0,82 18,7 
55-59 7 160 719,816 0,97 22,2 
60-64 17 182 582,351 2,92 31,3 
65-69 21 221 540,279 3,89 40,9 
70-74 24 270 443,627 5,41 60,9 

75 + 66 415 631,418 10,46 65,7 

Total 263 5.439 14,091,014 1,87 38,6 
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Table 1.7. Detailed pedestrian injury data for Great Britain 1978 [6/7]. 

Fatally injured Injured 
People 

Per I Per in age 
Age group 100,000 

1 

100,000 group 
years Male Female ~ persons Slightly Seriously persons (thousands) 

~ 0-4 69 44 113 3.3 2880 1003 3883 113.9 3409 
-o 5-9 138 78 216 5.1 9822 3591 13413 315.5 4251 

~ 10-14 78 56 134 2.9 8282 2868 11150 240.9 4628 

1’5-19 69 55 124 2.8 5199 1772 6971 157.5 4424 

~ 20-29 93 45 138 1.8 4986 1705 6691 85.1 7857 

~ 30-39 85 29 114 1.6 3246 1002 4248 58.4 7271 
< 40-49 75 48 123 ! .9 2705 1053 3758 59.3 6339 

50-59 133 84 217 3.2 2900 1365 4265 63.9 6671 

"~ 60-69 199 175 374 6.6 3305 1669 4974 87.4 5692 
~ 70 ÷ 385 482 867 16.4 3948 2786 6734 127.1 5295 

Without 
Information 7 -- 1683 98 1781 

~ 2427 -- 48956 18912 67868 55837 

Table t.8. Detailed pedestrian injury data for France 197818]. 

Fatally injured                     Injured 

Age group                            Per                           Per     People 
years                        ~ 100,000                   ~ 100,000 in age 

Male Female       persons Slightly Seriously        persons    group 

0-4                          72     28     100     2.7     1663      681     2344    62,6    3.741.779 
5-9                         126     83     209     5.5     5180     2191     7371 194,0    3.798.586 

10-14                         40     27      67     1.6     2761     1134    3895    92,1    4.227.843 

!5-19 65          44          109          2.6           1902            790     i’ 2692         63,1        4.269.154 
20-24 44          18            62          1.5           1683            606         2289         54,3        4.213.738 

125-34                                             86         34         120         1.5          2762           963        3725        45,4       8.208.785 
35-44                                                118          26          144          2.4           2140            928         3068         50,8        6.036.551 
45-54 164          62          226          3.5           2411           1260         3671         56,7        6.474.679 
55-64 152          77          229          4.9           2047          1202         3249         69,8       4.656.647 

> 65                    424 428    852    11.1     4363    3373    7736 101,1 7.648.826 

1291        827        2118                        26912        13128       40040                       53.276.588 

The difference ~ resistance to injuries will be the cause 

of ~hat to a great extent; older people die more frequently 

as a result of an accident than do children, who com- 1. Statistical Report on Trends in Road Accidents in 

paratively tend to come away with (slight) injuries only. 1979 CM(81)12. (European Conference of Ministers 

The wide age distribution of injured pedestrians with of Transport). 
peak levels for the age group < t5 years, brings into 2. Statistics of Road Traffic Accidents in Europe 1979 

question the appropriate stature for a representative United Nations 1980. 

dummy (or model). The use of 50th percentile height of 3. Department of Transport-Scottish Development De- 

pedestrian accident victims has been reported as 1,60-1,65 partment Welsh Office. Accidents in Great Britain 
m ~6/26]*~ the dummies in current use are 1,75 m high. 1979, London 1981 (H. M. Stationery Office). 

4. Statistiek van de verkeersongevallen op de openbare 

* Numbers refer to literature of chapter 2, weg 1979. Centraal Bureau veer de Statistiek. 
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5. Strassenverkehrsunf~ille 1979. Statistisches Bunde- In [22] for 87,6% of the accidents studied, the pedes- 
samt Wiesbaden. Statisfische Jahrbficher ffir die trian was struck by a car. The sample in this project 

BRD. consisted of pedestrians who were taken to a hospital. 

6. Department of Transport, Scottish Development, De- In [15] the group is quoted in an insurance data base, 
partment Welsh Office. Road Accidents in Great and cars were claimed to have been involved in 80% of 
Britain 1978, London 1980 (H. M. Stationery Office). the cases. In [23] the group consisted of fatally injured 

7. Central Statistica! Office, Annual Abstract of Staffs- pedestrians: the proportion for cars was 64%, only those 
tics 1980 Edition. London 1980 (H. M. Stationery cases were considered where one pedestrian collided with 

Office). one vehicle. 
8. France, Minist~re des Transports, Direction des As a general rule, the private car is in most cases the 

Routes et de la Circulation Routi~re. Accidents cur- opponent for the pedestrian casualties. 
porels de !a circulation routi~re 1979. Paris 1981. 

9. Verkehr in Zahlen. Per Bundesminister ffir Verkehr 
Location of the Primary Impact 

DIW, Berlin, 1980. 

10. Official statistics of Sweden and Sweden Road Safety The next distribution which is of interest is the position 

Of~ce. of the pedestrian relative to the car, prior to impact. 

11. Italy: Ministero dei Trasporfi. Details available are almost all concerned with the dis- 

tribution of location of the first impact to the car (Figures 

2.1. and 2.2.) with no correlation of the orientation of 
the pedestrian. Studies show that about 75 % of the cases 

a pedestrian is impacted by the car front (as mentioned 

in chapter 1; differences in injury severity, of the group 
CHAPTER 2. considered, may influence the resulting distributions). 
DESCRIPTION OF PEDESTRIAN In [18] a distribution of the location of primary contact 
ACCIDENTS to the pedestrian is given. In almost all these cases (92%) 

SUMMARY Front 
The purpose of this chapter is to determine the types / 

of pedestrian accident that occur most frequently, and to 6[~.5 

identify the important features of car to pedestrian im- 

pacts. 
The rate of involvement of cars in pedestrian accidents 

is first described and this is followed by the distribution 

of location of primary impacts on the car, after which a 

listing is given of body parts most frequently and/or most 

seriously injured. In a number of research projects (es- 
pecially "in-depth, at the scene studies") an attempt has Left Side Right 
been made to establish the sections of a car which caused 

injury and a description of some published results is given !0.7 % 1 
in 2.4. In 2.5 some cumulative distributions of impact 

speeds, found in several publications, are described, while 

in 2.6 the chapter ends with some information, as to 

whether the car was braking or not before the accident. 

Pedestrian Accidents and the Involvement of 
Cars 

Distributions of crash partners can most frequently be 

found in in-depth studies. Re(If’ 

In several of these studies the groups of pedestrians 

forming the samples were of different types. These dif- 

ferences are not only due to the differences between coun- 

tries, but also due to the fact that the groups under study Figure 2.1. Location of primary impact for cars in pedestrian 
differ; for instance, in injury severity, accidents [12]. 
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Table 2.1. Percentage distribution of pedestrian’s injured 

~    76,5 ! 
body segment. 

¯ ,.[=,=...=.= ~ [16] [22] 

Head 44% 37% 

5.6 9,7 Legs 31% 34% 
rr~,, Arms 10% 14% 

Chest 6% 7% 
,=..,=, ,..=..= Pelvis/Abdomen 9% 7% 

Back -- 1% 

The number of injuries in both studies are 100% 

t~,4 12,5 The percentages from the two studies are shown in Table 

2.1. In both studies 100% represents the total number of 

injuries. 

In [10] only pedestrians are considered who were im- 

pacted at the side by the front of a car. A division is made 

based on the Overall Injury Severity Scale. If all severities 
~ (n=313) of injury are considered then the legs and the head are 

~ / l the most frequently injured body areas, followed by the 

arms, pelvis, chest and abdomen. 

i                            If only non-minor injuries are considered, the head 

Figure 2.2, Location of primary impact for cars in pedestrian MINOR INJURIES 

accidents [24]. 0% 20% ,0% 60% 8o~ lo0% 
I I 

,:.:.:.:: :.:.:; ;.~.~ ~., ............ .end i.c foce :::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Neck 

the pedestrian was hit from the side. [6] gives a compa- 

rable figure: 91%. 
Abdomen 

Pelvis 

Arms 

Injury Distribution 

Several pedestrian injury distributions in literature 
NON-MINOR NUN-LIFE-THREATENING INJURIES 

show remarkable differences. These are to a large extent 0% 20% 40% 60~ 80% 100% 
due to the following: I ~ I ~ -----J 

the groups of casualties under study differ in injury Neck 

Back 

severity. Che,, 
some groups consist of all pedestrians killed or in- Abd .... 

jured, some consider only those killed or injured by 

a conflict with a private car. 

Others consist of casualties from a specific impact type, 

e.g., car front/pedestrian side. 
LIFE-THREATENING OR FATAL INJURIES 

0% 20% 40% 60% 80% 100% 

I I I I 
--The number of body areas differs for most of the He~d 

studies. Neck 

Due to all these differences, comparison of the various 

studies is very difficult, although some tendencies can be Abdo~ 

described: 
The head and the legs are the most frequently injured 

body areas, followed by arms, chest and pelvis [16] [22]. 

One sample [22] was formed by 2,000 pedestrians who Figure 2.3. Patterns o{ in]ury by overall injury severity for 

were injured in an accident and brought to a hospital, 568 pedestims with minor iniuries, 739 pedes- 
trins with non-minor non-life-threatening injuries, 

while another [16] consisted of all pedestrians who were and 253 pedestrians with life-threatening or fatal 
brought to that group of hospitals that receives 95% of injuries.~Frontal contacts, all injuries counted 
all the traffic casualty in-patients in The Netherlands. [10]. 
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:~ Totc~[: 321£hildren Body ’~’~erity AI AIS 2 AIS 3 AIS4/5i AIS 6 ~,,,,.,~ .~. 

! N:.~ 
No. ~/." No., ~/~, No.=’.~ ~/, {uptothe~geof.~Ye~rs) Areas Injur~ No. 0/o~ No. % ~{ % ~ 

=IOOY, Head 152 64.1 35, 148 1 5.9 18 76 18 7.6 237 ~73~ 

~ervicet Spine       2 ...... 

8orsoL/Lumbor ~ 5 - 2 ~ 22 
~ C’~est        & 33.3 2 16.7 2 25.0 3 25.0         ]2 3.7 

-’ ~elvis/Abdo~n &O 51.9 10 13.0 19 24.? 8 10.4 ?? ’24Q 

gpper ~rm 29 69.0 

F~earm ? - 5 - ]2 3.7 

Hand ] 5 - 5 ~ 62 

Fem~ 26 32.9 &6 5a~ ? 8.9 79 245 

Knee 3& - 5 - 39 12.1 

~ L, ~ LowerLe9’ ’ "~ 3, 37.4 ,7 51.61 10 11., - - 9’ 283 

Foot 

Figure 2.4. Injuries related to frequency and seve[i~ of children (up to the age of 15 years) (321 frontal car collisions) [15]. 

emerges as the body area most frequently injured, with Severity Score, etc. The ranges of the scales used in these 
the legs as the second and the pelvis as the third most systems go from no injury up to death, whilst the long 
frequently injured area. term consequences of the injures (for instance, temporary 

........... A similar trend is shown in [15] where injuries are or permanent disability), are of little influence. 
related to frequently severity and three age groups.           These factors are important with leg injuries, such as 

Injury Severity can be scored by several rating systems knee ligament injuries [1]. This kind of injury" might be 
such as Abbreviated Injury Scale, Overall AIS, Injury underreported. 

....... ~ !njury Total 
~g Total~ 432Adults o eod~ "-.~erity AIS 1 AIS 2 AIS 3 AISt,/5 

Bodylnjuries~Ar~ ~ ~ 
(15-55Years 0f Age)= 100 ~0 Areas tnjured~ No. I °/o~ No.I °/o~ No.I o/,~ No. 0/0~ No.=lO0~ % 

Head lh8 51.2 58 20.C 2S 8.7 X 8.3 289 J669 

Dors~l/LumbarSpine 1~ 1 6 2 - 2~ J 5.3 
~Chest 21 44.8 7 14.9 12 25.5 2 4.2 ~7 10.9 

Pelvis/Abdomen &8 55.3 3 3.4 33 37.9 2 2.3 87 ~20.1 

:/~ 

Shoulder 31 - 15 - 1 - - &7 

(~1°9 

[ 
UpperArm G2 63.6 17 25.8 710.6 66 15.2 

Fo,eo~= ~ - 5 - 3 22 ~ 5.1 
Hand 32 5 2 3£ J 9.1 
Femur 60 58.3 26 25.2 17~ ]03 23:8 

Lower Leg 85 39.7 53 2&B 7& 34:6~ 2 0.g 2]& 49.5 

Foot 18 - 6 ....... 2& 5.6 

Figure 2.5. Injuries re ated to frequency and severi~ of adults (432 frontal car collisions)[15]. 
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: Totc   207Eiderly! d l, tslBody "-,~erity AISI 2 AIS 3 AIS6 
(~5 Yearsand up) :100/~Are~s Inlur~ No °/o~ No, "/o~ No.] °/o~ No.I °/o~ No,I o/~ No.=100"~ "/o 

~,ead 58 40.6 35 24.5 5 3.5 15 11.2 29120.~ ]~3 69.1 

Cervical Spine 2 - 1 l - 1 - S - 10 4.B 
Dorsal/Lumbar Sp~ & - 1 & - 1 - - 10 4.8 

~ Chest 16 6~.~ 5 139 6 16.? 2 5.6 7 ~ 35 17.6 

Pelv~s/Abdomen 16 30.8 5 11.5 2& ~ 5 9.6 1 !.9 52 25.11 

Shoulder 12  5.5 ...... 22 10.6 

gpperArm 10 61.7. ~1 ~5.8 3 12.5 .... 2~ !1.6 

Forearm 6 - 5 - 1 ..... 12 5~ 

~nd ~ ~ ~ ....... 17 82 

~Femur 21 66.7 I~ 29.8 I~ 25.51 .... ~ 22.7 

~0~t " 28 - 5 ~ 2 ..... 36 17.4 

Figure 2.6, Injuries related to frequency and seved~ of elderly adults (207 frontal car collisions) [15], 

The Causes of Injuries 
Head inju~: 

~hethe[ a head/car impact occurs depends on several 
Ground contact versus contact with the car parameters such as impact speed, size of pedestrian/size 

of car, a~d fo~ of car. ~o~ impact speeds below 20 
The first interesting question is if the inju~ is caused km/h no head/car impact [5, 6] was found. In [2’ 9, 14, 

by contact with the vehicle or with the ground. Much is !5, 18, 20] it is stated that the more severe inju~es to the 
written about this subj~t, 

head are caused by the pfima~ impact with the car. 
The main problem is that the body may hit both the Influence of rotational acceleration on brain injuries is 

car and the ground, so that it is difficult to establish the still under discussion. The impact on the ground might 
cause of specific i~uNes, have a greater effect on injury seventy if rotational ac- 

Methods of doing this are described in [5] and [8] where celeration is an impo~ant parameter. 
it is claimed that only careful in-depth at-the-scene study Although it is difficult and not always possible to es- 
can provide the kind of data that are necessa~ to deter- tablish the precise cause of an inju~, careful at-the-scene 
mine the cause of injury. In thee studies the number of accident investigations seem to prove that the more severe 
cases inv~tigated are, however, very small, injuries to pedestrians are caused by impact with the car. 

The cause of surface wounds can usually be clearly 
The results of some car/pedestrian accident simulations 

dete~ined but brain injuries are more difficult to analyse, 
[4, 18] are in good agreement with this. 

because of the continuing discussion concerning the brain In [ 10] the share in total injury severity of ground and 
inju~~ mechanism; whether it is the result of translational 

car impact, as a function of impact speed is as given in 
or rotational acceleration. Figure 2.7. 

In most of the older studio, which are discussed in [2, By increasing the impact speed the injuries caused by 
9,18,21], it is stated that the i~ufies occur as a result of the car become much more severe than those from ground 
seconda~, impact with the ground. More recent studies, impact. 
discuss~ below, show a different result. 

Relation of impacted area on the car and pedestrian 
inju~ 

Lower limb inju~: 
Although the relationship between the section on a car 

With all the pedestrian/car front accidents there will that causes injury and the body region that is injured is 
be a lower limb/car contact. The more severe injuries to dependent upon several parameters such as, pedestrian 
the tower limbs are generally caused by contact with the height/dimensions of the car, fo~ of the car, impact 
vehicle. The less sedous injufi~ are caused by vehicle speed (chapter 4); an ove~iew of this relationship is given. 
and ground in equal propo~ion [6, 10]. A number of studies only give dist~butions of pa~s of 
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Figure 2.8. Definition "V-form," "Pontoon-form", see Figure 
2.10. 

Overall damage frequency of car body areas in fronta~ impact ("V" and "Pon- i0    2o 30    4o    5o 6o    7o    8o toon") [12]. 
IMPACT SPEED KM/H 

Figure 2.7. Predominant’injury severity by impact speed for though stiffer parts of the car may however not be dam- 

vehicle contact and ground contact injuries [10]. aged in an accident they Can be the cause of severe injuries. 

Mere inspection of damage is not therefore enough. 

the car which are damaged as a result of an impact with Tables 2.2., 2.3 and 2.4. show from in-depth studies 

a pedestrian. Other studies give information about the the relationship between body parts injured, divided into 

relationship between impact areas and injury. Figure 2.8 children, adults, and elderly adults, and the car body areas 

shows the damage frequency of car body areas in frontal which caused the injury. 

.... impacts. The front is the part of the car most frequently Despite the small numbers, it can be seen that the 

damaged, followed by bonnet and windshield. But even bumper front of the car is responsible for the lower limb 

Table 2.2. ~ncidence of injury to children (aged under 15 years) by body region and by factors causing injury [7]. 

Numbers of children in sample = 96 

Back 
neck 

Cause Body and Upper Lower 
of injury Region Head spine Chest Abdomen Pelvis limbs limbs Total 

Roof .............. 

Windscreen glass 1 1 ........ 1 - - - 2 1 

Windscreen frame 1 1 ........ 1 - - - 2 1 
and scuttle .......... 

........ 1- 1- 1 - 3 - 
Air grille .............. 

Top surface of 18 13 .... 1 1 - - 2 - 21 14 
bonnet or wings 3 2 .......... 3 2 

Bonnet front 2- 1- 2 1 1 1 3- 9 3 18 5 
edge .... 1 ..... 1 - 

Wing loading .... 1 1 2 4 - - 4 - 7 5 
edge and lights - 1 -- 1 - 1 - 1 - -- 3 1 

1 ......... I4 10 15 10 
Front bumper .......... 8 - 8 - 

Run over or 31 11 2- 2 ..... 23 3 58 - 116 14 
ground (*) 2 ........... 2 - 

Other structures 8 2 -- 1- 1- -- 7 2 13 - 30 4 
or not known 1 1 - 1 ...... 1 - 2 2 

Note: The four values shown at each combination of body region/causation, correspond to different severities of injury. The degrees of severity are AIS 1, 2, 3 
and 4-6 arranged thus (1 2 ) 

(3 4-6) 

*Injury was attributed to "run over" in only 2 cases. These were both of severity AIS2. 
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Table 2.3. Incidence of injury to adult (aged 15 to 59 years) by body region and by factors causing injury [7]. 

Numbers of adults aged 15-60 years in sample = 63 

Back 
Neck 

Cause Body and Upper Lower 
of injury region Head Spine Chest Abdomen Pelvis Limbs Limbs Total 

Roof .............. 

Windscreen glass 9 2 ...... 5 - - - 14 2 

Windscreen frame 5 8 - 1 ...... 2 - - - 7 9 
and scuttle 1 8 ............ 1 8 

Air grille ............ 1 1 1 1 

Top surface of 2 2 1 - 1 - - 1 1 - 6 1 - - 11 4 
bonnet or wings - 2 ........... 2 

Bonnet front -- 1 ..... 2 4 1 - 11 4 15 8 
edge ........ 3 - - - 3 - 6 - 

Wing loading ...... 1 ..... 4 4 5 4 
edge and lights ........ 1 - - - 1 - 

Front bumper ............ 18 10 18 10 
............ 15 - 15 - 

Run over or 12 8 4 2 2- 1 - 1 - 14 3 19 1 53 14 
ground(*) - 3 -- 1 1 - 1 1 - 1 - 1 - 4 5 

Other structures 8 4 3 3 2 2 -- 1 - 16 6 18 2 48 17 
or not known - 3 - 4 2 4 2 5 -- 1 - 1 - 6 16 

Note: the four values shown at each combination of body region/causation, correspond to different severities of injury~ The degrees of severity are AIS 1, 2, 3 
8rid 4-6 arranged titus (1 2 ~ 

(3 4-6) 

" injury was attributed to "run over" in only 5 cases. The severity of these injuries were 1 of AIS 1; 3 of AIS 3 and 1 of AIS 5. 
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Table 2.4. Incidence of injury to adults (aged 60 years or over) by body region and by factors causing injury [7]. 

Number of adults aged 60 years in sample = 52 

Back 
neck 

Cause BodY and Upper Lower 

of injury region Head spine Chest Abdomen Pelvis limbs limbs Total 

Roof - 1 ............. 1 
-1 ........... 1 

........... Windscreen glass - 4 ........... 4 

1 ........... 1 - 

Windscreen frame - 3 ......... 3 - - - 6 

and scuttle 3 7 1 - - 2 ........ 4 9 

Air grille .............. 

........... Top surface of 7 5 - - 1 1 .... 1 4 9 10 

bonnet or wings 2 1 - - 1 2 ...... 3 3 

Bonnet front ....... 1 - 4 - - 6 8 6 13 

edge ...... 1 - 10- -- 7 - 18 - 

Wing loading ............ 1 1 I 1 

........ edge and lights ........ 2 - - - 3 - 5 - 

Front bumper ............ 13 15 13 15 
............ 25 - 25 - 

9 6 1 ....... 20 1 21 1 51 8 

ground                  1 6 ............ 1 6 

Other structures         11 3 - 3      1 2      - 1      --      7 4 13 5 32 18 

or not known -5 4 5 4 1 1 - 1 - 1 - 2 - 13 11 

Note: the four values shown at each combination of body region/causation, correspond to different severities of injury~ The degrees of severity ar~ AIS 1, 2, 3 

and 4-6 arranged thus (1 2 ) 
(3 4-6) 

......... injuries, while the "wing leading edge and lights" are 50% of all pedestrian accidents with casualties occur 

.......... responsible for pelvis and lower limb injuries, except for in the speed range: 

the children who also sustain chest and head injuries. 
0-16 km/h [12] 

The "top surface of bonnet and wings" are the cause 
0-36 km/h [3] 

of many of the head injuries to the children and also to 
some of the elderly adults. The "air grille/windscreen While 90% of these accidents occur in the speed range: 

frame and windscreen glass" are the cause of a great 
0-44 km/h [11] 

number of the head injuries to adults. The windscreen 
0-58 km!h [31 

frame causes the more severe injuries. 

Braking of the Car 
Impact Speed While the car is braking not only the velocity of the 

One of the main problems in pedestrian accident in- car is decreasing but also the bumper and bonnet height. 

vestigation is the determination of the speed at impact. To be able to make statements about points of impact at 

Most of the investigations use a combination of witness the pedestrian, one must know whether or not the car 

statements, and brake marks, was braking, and if so, to what extent. 

But the reliability of a witness is questionable and brake According to [7] 55% of the cars were braking or 

marks are not always available. In Figure 2.9 a description skidding before the impact, 15.7% were braking or skid- 

is given of some cumulative distributions of impact speeds, ding after the impact, while 13.8 % were braking or skid- 

It will be clear that the distribution depends on the se- ding but whether skidding commenced before or after the 

verity of the injuries which are considered, impact could not be established. A more recent statement 

The numbers in Figure 2.9 refer to the literature in from the same author [28]: "Braking at impact was con- 

which the distribution is described, sidered to have occurred in 30% of all the cases." 
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~ v-.P~ 

Figure 2.10. Definitions of "V-form" and "Pontoon-form", used in Figure 2.8 [15], 

Table 2.5. Action of vehicle at impact by age for pedestrians struck by the front of cars and light goods vehicles [7]. 

Age group 

Action of Vehicle 0-14 15-59             60 + All 

N Percent N Percent N Percent N Percent 

No braking 3 3.1 9 14.3 5 9.6 17 8.1 

Braking 
--Before impact 18 18.7 2 3.2 3 5.8 23 10.9 
mAfter impact 10 ! 0.4 4 6.3 6 11.5 20 9.5 
--Time not known 10 10.4 6 9.5 5 9.6 21 10.0 

Skidding 
mBefore impact 44 45.8 29 46,0 20 38.5 93 44.1 
--After impact 5 5.2 2 3.2 6 11.5 13 6.2 
--Time not known 2 2.1 2 3.2 4 7.7 8 3.8 

Other m -- 1 1.8 1 1.9 2 0.9 
Not known 4 4.2 8 12.7 2 3.8 14 6.6 

96 63 52 211 

654 



SECTION 5: TECHNICAL SESSIONS 

[25] states that nearly all the drivers saw the pedestrian when hit by Cars and some resulting Implications". 

who was "running or darting into the street" prior to Accident Research Unit, University of Birmingham. 

impact, and thereby reducing the impact speed. IRCOBI, September 1979, Gothenburg. 
[26] is in agreement with [7]: 54% of the vehicles were 12. M. Danner, K. Langwieder, W. Wachter, "Injuries 

............ braking before impact, while [27] concludes that 62% of to Pedestrians in Real Accidents and their Relation 

the drivers could reduce their speed before impact by to Collision and Car Characteristics". Department of 

more than 20%, and 18% did not brake at all. Automotive Engineering Association of Automobile 

Insurers (HUK Verband). 23rd Stapp Car Crash 

Conference, Oct. 1979, San Diego. 

13. R. Haar, E. Luccini, R. Weissner. "Automobile and 

............ 1. B. Aldman, L. Thorngren, O. Bunketorp, B. Ro- Pedestrian--the Accident Situation". Volkswagen- 

manus. "An Experimental Modes Systems for the werk AG. Int. Conf. on Pedestrian Safety, December 

Study of Lower Leg and Knee Injuries in Car Pc- 1976, Haifa. 

destrian Accidents". 8th ESV Conference, Wolfs- 14. M. Kramer. "4-4 Berechnung der Unfallschwere in 

burg, October 1980. Expefimentellen Fussg~inger-Fahrzeug-Unf~llen". 

2. H. Appel, G. Stiirtz, L. Gotzen. "Influence of Impact T.U. Berlin. Proceedings of the 16th internationa! 

............ Speed and Vehicle Parameter on Injuries of Children FISITA Congress, May 1976, Tokyo. 

and Adults in Pedestrian Accidents". Institute of Au- 15. K. Langwieder, M. Danner, W. Wachter, Th: Hum- 

tomotive Engineerig, T.U. Berlin, Medical University mel. "Patterns of Multi-Traumatisation in Pedestrian 

Hannover. Accidents in Relation to Injury Combinations and 

3. H. Appel, A. Kuehnel, G. Stiirtz, H. Gloeckner. "Pc- Car Shape". HUK Verband. 8th ESV Conference 

destrian Safety Vehicle--Design Elements--Results Wolfsburg, October 1980. 

of the In-depth Accident Analyses and Simulation". 16. Stiching Medische Registrafie 1978. 

Institute of Automotive Engineering, T.U. Berlin. 17. G. Stfirtz, E. Suren, L. Gotzen, K. Richter. "An- 

4. S.J. Ashton, H. R. M. Hayes, G. M. Mackay. "Child alyse yon Bewegungsablauf, Verletzungsursache,-- 

Pedestrian Injuries". Accident Research Unit, Uni- schwere und--Folge bei Fussg~ingerunf~illen mit Kin- 

versity of Birmingham. dern dutch Unfallforschung am UnfalloW’, T.U. Bet- 

5. S.J. Ashton. "The Cause and Nature of Head Injuries lin, medizinischen Hochschule Hannover; 

............. Sustained by Pedestrians". Accident Research Unit, Krankenhaus Nordstadt Hannover. IRCOBI, Sep- 

University of Birmingham. IRCOBI, September tember 1974, Lyon. 

1975, Birmingham. 18. G. Stiirtz, E. G. Suren. "Kinematic of Real Pedes- 

6. S. J. Ashton, J. B. Pedder, G. M. Mackay. "Pedes, trian and Two-wheel Rider Accidents and Special 

trian Injuries and the Car Exterior". Accident Re, Aspects of the Pedestrian Accident". Institute on 

search Unit, University of Birmingham. SAE, Automotive Engineering T.U. Berlin, Accident Sur- 

International Automotive Engineering Congress and gery Medical Highschool Hannovero IRCOBI, Sep- 

Exposition, Feb.-March 1977, Detroit. tember 1976, Amsterdam. 
7. S. J. Ashton. "Cause, nature and severity of the in. 19. SWOV. "Factors Which Influence The Severity Of 

juries sustained by Pedestrians struck by the fronts Injuries Sustained by Pedestrians, Cyclists, Moped 

of cars or light goods vehicles". Thesis University of Riders and Motorcyclists in Accidents" Preliminary 

Birmingham, 1978. Report, Unpublished. 

8. S. J. Ashton, J. B. Pedder, G. M. Mackay. "Pedes, 20. K. J. Tharp, N. G. Tsongos. "Injury Severity Fac- 
trian Head Injuries". Accident Research Unit, Uni’ tors--Traffic Pedestrian Collisions". University of 

versity of Birmingham. 22nd AAAM conf. and 7th Houston, Texas, U.S. Department of Transportationo 

IAATM conf. July 1978, Ann Arbor, Michigan. IRCOBI, September 1976, Amsterdam: 

9. S. J. Ashton, G. M. Mackay. "A Review of Real 21. R. G. Vauhan. "A Study of Measures to Reduce 

World Studies of Pedestrian Injury". Accident Re, Injuries to Pedestrians". Traffic Accident Research 

search Unit, University of Birmingham. The German Unit, Department of Motor Transport. N.S.W. Na- 

Association for Traffic Medicine, March 1979, Keu- tional Road Safety Symposium, Canberra, March 

len. 1972. 

10. S. J. Ashton, O. M. Mackay. "Car Design for Pc. 22. H. Weinreich. "Der Verkehrsunfall des Fussg~in- 

destrian Injury Minimisation’. Accident Research gets". (Ergebnisse cinder analyse von 2000 Unf’~illen). 

Unit, University of Birmingham. 7th Internat. Techn. Unfallchirurgische Klinik, Sti~dtisches Krankenhaus, 

Conf. on Experimental Safety Vehicles, June 1979, Braunschweig. Untermitarbeit: Abte~ung Forschung 

Paris. Fahrzeugtechnik, Volkswagen A.G. 

11. S. J. Ashton, G. M. Mackay. "Some Characteristics 23. Centraal Bureau Voor De Statistiek. Netherlands~ 
of the population who suffer Trauma as Pedestrians Conflicttabellen 1979. 
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24. "Abschlussbericht, Erhebungen am Unfallort" For- 1) The contact between the leg(s) and the bumper 
schungsprojecten 7263/7506, BAST. Unfallchirur- makes leg fractures mainly in the area of the knee 
gische Klinik, Medizinische Hochschule Hannover. and/or knee ligamentum rupture for an adult pe- 
Institut ftir Fahrzeugtechnik, Technische Universit~it destrian, and femur fracture for a child pedestrian. 
Berlin. Figure 3.1 shows the location of the bumper impact 

25. K. J. Tharp, N. G. Tsongos. "Factors in Urban Ve- on the lower limbs, for a child and for an adult. 
hicle Pedestrian Collisions". University of Houston, The normal bumper height is approximately 500 
National Highway Traffic Safety Administration. mm for a non-braking situation and 420 mm in a 
Third International Congress on Automotive Safety, panic braking. The adult height is 1.64 m which is 
July 1974, San Francisco. the average height value of pedestrians involved in 

26. C. Thomas, G. Stcherbatcheff, P. Duclos, C. Tarri~re, a traffic accident in France [1]. 
J. Y. Foret-Bruno. "A Synthesis of Data from a Even if leg injuries are not very severe, in terms of 
Multi-Purpose Survey on Pedestrian Accidents". La- fatal risk, they have often important long-term con- 
boratoire de Physiologic et de Biom~canique de l’As- sequences. 
sociation Peugeot-Renault. IRCOBI 1976, 2) The shape of the car front end has a great influence 
Amsterdam. on the pelvis impact but the pedestrians sustain few 

27. E. M. Geagauf, E. Niggli, A. Wehren. "Das Fuss- pelvic and/or abdominal injuries. Nevertheless the 
gangerunfallgeschelen in der Stadt Ziirich 1978/79". front shape of the car (and especially the front 
Ziirich, June 1981. edge) is important in influencing the subsequent 

28. S.J. Ashton. "Factors associated with pelvis and knee kinematics. 
injuries in pedestrians struck by the fronts of cars". 3) Thoracic impact--the shape of the car also has a 
25th Stapp Car Crash Conference, September 1981, great influence on the thoracic impact, but the arm 
San Francisco. position can also change the occurring of thoracic 

injuries, depending if the arm is placed between the 
thorax and the bonnet or not. 

4) Head impact--the severity of head impact has to 

CHAPTER 3. 
be related to two main parameters: firstly the stiff- 

CURRENT KNOWLEDGE IN INJURY MECH- 
hess of the specific car area contacted by the head, 

ANISMS AND HUMAN TOLERANCES secondly the normal head velocity during the impact 

600 -~ ---~ -----~ ----~ -- hip 

The kinematics of an adult pedestrian hit by a car can 

be described as follows: 

A) First part of the kinematics (in general) [21]. 
330 ___ 

1) Contact between the leg(s) and the car bumper. 
2) Bending of the body, and contact of the pelvis to 

the front edge of the bonnet.                               66 ~J’@ ~-- -- ----~ ~’ ~-- -- -- ~ -- -- --~ ~-~-- -- -- ~ - -- -- b@@ - -- -- ank I e 

3) Contact of the arm(s) and/or the thorax on the        L( 600 500 ~00 300 200 ~ O0 
height 

bonnet. 
4) Contact of the head on the bonnet or on the wind- 

screen area.                                                         ~ 
B) Second par~ of the kinematics. 

The second part of the kinematics is more linked to 
chance and depends mainly from the pedestrian -6~ 
height, the car shape, the car behaviour .... For a 
child pedestrian it is normally not very different, but 
the impact point depends from the pedestrian height. 

Injury Mechanisms 

The injury mechanisms of the first part of the pedes-     Figure 3.1. Location of bumper impact on the leg as a func- 
trian motion are clear:                                            tion of bumper height. 
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o The tolerance of the face is lower than the tolerance 
of the skull. Table 3.2 summarizes the main results found 

child A in the literature. 
~ It is not possible to measure head forces (or head pres- 
~ o sures) on actual dummy heads; nevertheless these values 

o~--~_~ could be taken in consideration when determining the 
criteria for a component test. 

~ ~u~ ~ For small impacted areas the tolerance is lower than 
the values indicated in Table 3.2. 

c, Q o ~_~iJ~ Brain tolerance to impact 

I ch;~d c 
The brain tolerance is not well established, and brain 

~ /~ injuries have no evident correlation with skull fractures. 
~    © 

f~7--~            ~/~ ~ 
Tolerance of head as a function of pulse duration has 

O~~ ©~ 
been established by Lissner [10] and is called "Wayne 

.............. ............ ~ I adult D State Curve". The corresponding parameter to this curve 
is the GSI (Gadd Severity Index) which is defined by: 

Figure 3.2. Child and adult pedestrian kinematics for two                           ct 
bonnets edge heights.                                         GSI =Jo a2~dt 

........ on the car, which depends on the whole body in which a is head accel. In g’s and the value of 1000 is 
.......... kinematic, considered as the tolerable limit. 

During the second part of the pedestrian kinematic, 
A new index called HIC has been developed more 

the level of the bonnet edge related to pedestrian height 
recently and is used for car occupants frontal impacts. 
The HIC is defined by the maximum value of: 

seems to have a great influence [2] as summarized on 

........ The second part of the kinematics (between car impact 1 
~2 

and ground impact) influences the pedestrian position at ~2 -- t---’--~    adt    (t2 tl) 

ground impact. The happening of injuries during ground 
impact depends mainly from which body area hit the 

The proposed limit of tolerance for HIC is 1000 or 1500, 

ground first and at which speed. The body impact speed 
but recent studies have shown that this criterion is not 

to the ground seems less dependent on the car speed at 
very pertinent to predict head injuries. Some other criteria 

...... the impact than the head impact speed on the car. 
have been proposed but none were widely accepted. How- 

..... ever in the absence of a more pertinent criterion, the HIC 
can be accepted in dummy tests. 

Current Knowledge in Human Tolerance 
Thorax Tolerance 

Head Tolerance 
To summarise for frontal impacts tolerable force levels 

Concerning head tolerance, it is necessary to investigate range from 15130 N to 6000 N and tolerable deflection 

separately cranial and/or facial head injuries and brain from 4 to 9 cm. Normalized chest deflection which in- 

head injuries, dicates the percentage of reduction of thorax depth is 
tolerable in the range of 0.25--0.45 [11, 12, 13, 14]. 

Bone injuries Only one experiment deals with side impact tests, it 
shows levels well in the ranges of frontal tolerance (force 

The tolerance of skull to fracture depends mainly from 
= 2500 to 4900 N, deflection = 5.8 to 6.1 cm) [15]. 

the dimensions of the impacting structure. The main val- 
ues published by the literature are reported in Table 3.1. 

Table 3.2. Tolerance of facial bones to fracture in N 
Table 3,1. Tolerance of skull to fracture in KN 

Tolerance force 
Impacted area     Small              Large 

zygoma 800 to 1800 [8] 
frontal 5 [4] 7 [5] maxilla 650 to 1000 [7/8] 
temporal 1.8 [6] 8.3 [7] mandible 800 to 3000* [8] 
parietal 3.4 [4] 8.5 [5] nose 1300N [9] 
occipital ? 9.6 [7] 

* depending on impact direction. 
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Loading of a single rib with a small impactor indicates 3. S. J. Ashton, J. B. Pedder and O. M. Mackay. "Pe- 

a force tolerance between 580 and 850 N with a deflection destrian injuries and the car exterior". Society of 

of about 5 cm. The force values seem more usable in Automotive Engineers Transactions Paper 770092. 

component tests; on dummies the most frequent thoracic Society of Automotive Engineers, Warrendale, USA, 

criteria are based on thoracic accelerations; but new side 1977. 

impact dummies include thoracic deflection and this pa- 4. J. W. Melvin, P. M. Fuller, R. P. Daniel, G. M. 

rameter seems more realistic. Pavliscak. "Human head and knee tolerance to lo- 
calized impacts". SAE 690477, 1969,. Mid. Year 

Pelvis Tolerance Meeting, Chicago IL, May. 
5. G. E. ¥oigt, V. R. Hodgson, L. M. Thomas. "Break- 

There are no data available concerning the tolerance ing strength of the human skull vs. impact surface 
of the pelvis under direct loading; but research is con- curvature". Contract n° DOT HS 146.2.230 Final 
ducted within the frame of the EEC biomechanical re- Report, 1973. 
search program [20] to determine the tolerance of the 

6. O. Messerer. "Elasticity and strength of human 
pelvis in side impact. The results of this research will be 

bones". Verlag d.j.G. Gott’s schow Buchhandlung, 
helpful. Stuttgart, 1980. 

There is a previous proposal for a pelvic criterion (100 
7. R. L. Stalnaker, J. W. Melvin, G. S. Nusholtz, N. 

g’s 3 ms) [16] but a force value, which is directly related 
M. Alem, J. B. Benson. "Head impact response". 

to the tolerance seems more realistic, and some side im- 
Proc. of 21st Stapp Car Crash Conference, Paper 

pact dummies are designed to measure transverse pelvic 
770921, 1977. 

forces. 
8. V. R. Hodgson, W. A. Lange, R. K. Talwalker. "In- 

Fibula and Tibia Tolerance jury of the facial bone". 9th Stapp Car Crash Con- 

ference, 1965. 
Fibula is a weak bone, but it is generally not directly 9. D. C. Schneider, A. M. Nahum. "Impact studies of 

exposed to impact and it has a certain degree of freedom, facial bones and skull". 16th Stapp Car Crash Con- 

so the lower leg tolerance depends mainly on the tibia ference, Paper 720965, 1972. 

tolerance. 10. J. J. Swearingen. "Tolerance of the human face to 
Tibia tolerance to horizontal loading seems to be be- crash impact". Federal Aviation Agency, Office of 

twc-en 30,30 N and 9800 N depending on the impacted Aviation Medicine, 1965, Rept AM. 65.20. 
area with an average value of 5000 N [17]. However a 11. H. R. Lissner, M. J. Lebow, F. G. Evans. "Experi- 
recent study conducted in Sweden [18] has found a much mental Studies on the relation between acceleration 
lower value of lower limb tolerance. The value of the and intra-cranial pressure changes in man". Surg. 
momentum corresponding to the fracture is about 200 Gyn. Obst., 1960, Vol. III, pp. 329-338. 

Nm [3]. However these values are related to a small 12. A. M. Nahum, C. W. Gadd, D. C. Schneider, C. K. 
surface impact and the tolerance in a bumper-like impact Kroell. "The biomechanical basis for chest impact 

is probably higher, protection: I force deflection characteristics of the 
thorax". J. Trauma, 1971, Volume 2, n° I0. 

Overall Remarks 13. A. M. Nahum, C. W. Gadd, D. C. Schneider, C. K. 
Kroell. "Deflection of the human thorax under ster- 

The tolerance limits are greatly affected by the age: a hal impact". International Auto. Safety Conference 
younger person has much higher tolerance to impact than 

compendium, SAE Editor, Paper 700400, 1970. 
an older one, and the values chosen should correspond 

14. C. K. Kroell, D. C. Schneider, A. M. Nahum. "Im- 
~o the population at risk. 

pact tolerance and response of the human thorax". 
Proc. of 15th Stapp Car Crash Conference, Paper 

710851, 1971. 
15. H. R. Bierman, V. R. Larsen. "Distribution of impact 

forces on the human through restraining devices". 
1. G. Stcherbatcheff, C. Tarri~re, P. Duclos, A. Fayon. Naval. Med. Res. Inst. Project X.630, Report n* 4, 

"Simulation of collisions between pedestrians and ve- Feb. 1946. 
hicles using adult and child dummies". 19th Stapp 16. R. L. Stalnaker, V. L. Roberts, J. H. McElhaney. 

Car Crash Conference, Paper 751167, 1975. "Side impact tolerance to blunt trauma". 17th Stapp 

2. H. Appel, G. Sttirz, S. Behrens. "Influences of front Car Crash Conference, Paper 730979, 1973. 

and design of passenger cars on injuries of pedestrians 17. "Joint biomechanical project". KOB, Unfall- und 

in car-to-pedestrian collisions". Proc. of the Meeting Sicherheitsforchung im Strassenverkehr, Heft 34, 

on Biomechanics of Injury to Pedestrians, Cyclists Khln, 1982. 
and Motorcyclists, IRCOBI, 1976. 18. J. W. Young. "Applied forces of lower leg impact, 

658 



SECTION 5: TECHNICAL SESSIONS 

1966" reported by R. G. Snyder, Human impact tol- bumper height and bonnet height can be expressed in the 
erances. 1970 International Auto. Safety Conference following way [12]. (see also Figure 3.2 in chapter 3): 
compendium. 

Absolute Bumper Height 
......... 19. O. Bunketorp, B. Aldman, R. Jonson, B. Romanus, Relative Bumper Height = 

........ B. Roos, L. Thorngren. "Experimental studies on leg Pedestrian Height 

injuries in car pedestrian accidents". 6th IRCOBI, Relative Bonnet Height= Absolute Bonnet Height 
1981. Pedestrian Height 

20. D. Cesari, M. Ramet. "Pelvic tolerance and protec- The data of the car geometry in the above mentioned 
tion criteria in side impact". To be presented at the studies were taken from undamaged cars although de- 

.......... 26th Stapp Car Crash Conference, 1982. pending on the stiffness of the impacted car area, the car 
.......... 21. V. Montanari. Fiat Technical Presentation, 5th ESV shape is altered during impact. The Group feels that there 

Conference, London, 1974. is a need for a uniform and more realistic definition of 
undeformed car shapes taking into account the ability to 
deform and to absorb energy. 

An examination of the relationship between injury se- 
verity and the car shape showed that the overall pedes- 
trian injury severity was about in the same range for 

CHAPTER 4. "pontoon" and "V-for-re" cars, but the patterns of injuries 

INCREASING OF were different. 

PEDESTRIAN SAFETY BY Serious head injuries in conjunction with serious lower 

IMPROVEMENT OF VEHICLE DESIGN leg injuries are typical for the V-form. The pontoon-form 
was found to have a higher incidence of serious head 

Results of experimental simulations of car-to-pedes- injuries in conjunction with injuries to the pelvis and 

trian accidents, as well as the results from on-the-scene femur [4, 5]. In the case of children, the trapezoidal form 

analyses of accidents show the influence of the shape and (T-Typ), as a subgroup of the pontoon-form, causes in- 

design of cars on the injuries of pedestrians involved in juries of the thorax or the abdomen, depending on the 

accidents. The main problem is the design of a car front height of the children. Box-form cars show the highest 

end, which should be less aggressive to the speed range degree of traumatisation (product of injury severity and 

of up to 40 km/h [1, 3, 5]. injury frequency) for children as well as for elderly per- 

Two aspects in car design have to be considered: sons and therefore the box-form is the most aggressive 
car shape. It should be remembered that the traumatisa- 

--The overall shape of the car and its influence on the tion scale only considers injury severity and injury fre- 
kinematics of the impacted pedestrian due to the quency; it will give no indication of the long term 

........ primary impact on the car structure and also due to consequences, for example healing time or disability 
....... the secondary impact on the road surface, which may be an important feature, for pedestrians who 

--The local dynamic stiffnesses of sections of cars that are frequently elderly. Figures 4.1, 4.2. and 4.3. show 
are impacted by pedestrians. the injury severity and injury frequency for children and 

In most accidents analyses the shape of the car involved elderly persons for different car shapes resulting from at- 

has been classified in three to five main ~roups, mainly the-scene accident investigations [3]. 
From the demand for a controlled impact force, min- because of the small number of analysed cases per car 

type. imum rebound velocity and long contact time between 

Figure 2.10 shows the definition of car shapes from the the pedestrian and the striking car, three requirements 

literature [5]. The main data for the classification of for the car front structure can be given: 

shapes are: --sufficient deformation to give low impact fi~rce 

--bumper lead and radius of the front edge [20, 21] --high energy absorption 
--collapsing structure does not bottom out on to a 

--bumper/front lead angle = arctan rigid internal structure. 

The stiffness of every part of the front structure should 
bonnet height -- bumper height [5, t2, 21]. be based upon the established biomechanical tolerance 

bumper lead levels of the body areas impacted. As seen in chapter 2, 
the bumper, the bonnet edge and the windshield frame, 

Although the shape of the front structure of a car can including the A-posts, are the most dangerous parts of 
be described in this general way, difficulties arise in con- the front,end of cars. 
sidering the effects of the pedestrian’s height. Many proposals have been made for increasing pedes- 

In order to eliminate the effects of pedestrian height, trian safety by the improvement of vehicle design; some 
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Injury frequency Degree of traumatisation Average AIS per single injury 

O,O3 

0,18 0,40 2,2 
OAIS Number of cases 

0 5 

1 6 

0,32 0,51 ! 1,6 2 15 

3 7 

4 2 
0,91 1,73J 

r~ 

~9 5 1 

6 

injury distribution for children 7-14 years 
collision with Pontoon-form vehicle; n = 36 
average age = 10 years 
total degree of traumatisation = 4,33 

Injury frequency Degree of traumatisation Average AIS per single injury 

0,1S 0,57: 3,8 

] 
1,78 j 2,7 

OAIS Number of cases 

1 2 

0,22 0,62 2,8 2 8 

3 19 

4 12 
0,~0 2,34 2,6 5 12 

i 6 2 

injury distribution for persons > 55 years 
collision with Pontoon-form vehicle; n = 55 
average age = 74 years 
total degree of traumatisation = 11,37 

Figure 4.1. Injury distribution "Pontoon-form" [3]. 
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Injury frequency Degree of traumatisation Average AIS per single injury 

I OAIS Number of cases 

, 0 1 

1 3 

2 4 

3 3 

4 1 

6 

injury distribution for children 7-14 years 
collision with V-form vehicle; n = 12 
average age = 10 years 
total degree of traumatisation = 4,24 

Injury frequency Degree of traumatisation Average AIS per single injury 

I 

o,~ 

2 2 

6 2 

in~u~ 6istdbution Ior ~ersons > 55 ~ears 
collision with V-Iorm vehicle; n = 20 
average a~e = 7~ ~ears 
total 6~r~ of traumatisation = ~ 0,82 

Figure 4.2. Injury distribution "V-form" [3]. 
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Injury frequency Degree of traumatisation Average AIS per single ir~]ury 
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0,48               i i                 2.2 
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OAIS Number of cases 
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inju~ distribution for children 8-14 years 
~ollision with box-form vehicle; n = 14 
average age = 8 years 
total degree of traumatisation = 8,30 

Injury frequency Degree of traumatisation Average AIS per single ~njury 

0,62 I 1,74 2,8 OAIS Number of cases 

1 

0,17 0,43 2,5 2 

3 2 

4 3 

0,67 1,61 2,4 5 4 

6 3 

injury distribution for persons > 55 years 
collision with box-form vehicle; n = 12 
average age = 73 years 
total degree of traumatisation = 17,92 

Figure 4.3. Injury distribution "Box-form" [3]. 
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are listed below, others can also be found in [25]. The An elimination of local rigid areas on the top surface 
data for car geometry or deformation characteristics have of the hood, for instance, the joints of the bonnet 

been taken from the literature: and wings, will reduce the risk of serious head in- 
juries. In [10] a deformation of 80 mm is required 

--the bumpers of passenger cars have an average static 
for the hood, when struck by the head of a pedes- 

height of 450 mm which drops to between 320 mm 
and 390 mm in the braking position [11]. 

trian*. Hard parts of the engine at a distance of less 
than 100 mm under the hood should be avoided. 

This height is very unfavourable. A lower static height RFor the windscreen the question whether laminated 

of 300 up to 330 mm could prevent complicated knee or tempered glass might be the better solution has 
injuries with possible long-time consequences to adult not been answered yet. A thick cushioning of the 

pedestrians [6, 11]. windscreen surrounding would provide a somewhat 

This is almost in agreement with the required bumper greater extent of deformation [24]. 

level of 340 mm in [22]. Lowering the bumper to the level --Masking of the stiff lower edge of the windscreen 

of the doorstep is also required for better side impact frame by means of a compliant structure, perhaps 

protection. In a mathematical simulation, which also in- by extending the rear edge of the bonnet farther back 

cludes the aspect of head impacts, an optimum bumper over the frame and fitting compliant material over 

height for children as well as for adults was found by a the A-posts, would provide a reduction in the severity 

height of 5130 mm [7]. of head impacts [12]. Air bags for the hood, especially 

The influence of bumper height on the amount and 
kind of head impact, which is also depending on the height * The head impact velocity is in the range of 80-120% of the impact velocity of 

and shape of the bonnet edge, is still under discussion, the car and is dependent on the car shape, found in full scale tests [23], 

Further research is needed. Other authors call for a sec- 
ond (soft) bumper system, mounted below an existing 
(high) front bumper [8, 9, 15]. 

--The~frontface of the car should have a lead angle of 
less than 80° in [22] a lead angle of even less than 
60° is required. Dummy tests and theoretical cal- 
culations suggested that for an impact of 40 km/h 
and a tolerance level of 4 kN for the hip make it 
necessary to have a crush depth of 200 mm for the 
front face when the car strikes a pedestrian [15]. 

--The bonnet front edge should be compliant and cur- 
vatured. A radius of 150 mm can help to avoid pelvis 
injuries to adult pedestrians and abdomen or thorax 
injuries to children [7]. Proposals for a bonnet height 
between 670 and 730 mm have been made to avoid 
head impacts of small children on the hood edge [10, 
11]. 

--The soft face conception" with a compliant front 
structure, made, for instance, of polyurethane (PU) 
or PU-foam and extended over the whole front face 
of the vehicle, is beneficial in the case of pedestrian 
accidents. It can also protect the vehicle from dam- 
ages in low-speed car-to-car accidents [12]. All re- 
search vehicles with soft faces, built for better 
pedestrian protection, showed better results than 
common cars in the experimental tests conducted [2, 
13, 14, 17]. 

--The bonnet should be as long as possible to avoid 
head impacts on the windscreen or the windscreen 
frame. For a head impact on the soft hood area a 
length of 1200-1400 mm from hood edge with a Deflection ~mm_~ ÷ 
bonnet height of 700 mm is necessary [7, 10, 11]. 
This length cannot be attained in the case of small Figure 4.4. Force characteristic of a PU-bumper versus de- 
cars. flection. 

663 



EXPERIMENTAL SAFETY VEHICLES 

for the windscreen frame area have been proposed ation in Pedestrian Accidents in Relation to Injury 

too [19]. Combinations and Car Shape, 8th ESV-Conf., Wolfs- 

o--I-ieadlarnps should be recessed and windscreen wipers burg 1980. 

and--shafts should be concealed. 6. Stiirtz G. et al.: Analyse yon Bewegungsablauf, Vet- 
--Air dams and any other device for better aerody- letzungsursache, Verletzungschwere, Verletzungs- 

namic behaviour mounted on the car front should folge bei Fussgiingerunfiillen mit Kindern durch 

take the safety of pedestrians into account and should Unfallforschung am Unfallort, Der Verkehrsunfall, 
therefore be constructed by flexible materials and Heft 2, Februar 1975. 
should give also a widely distributed loading to the 7. Appel H., G16ckner H.: Fubgiingerschutz am Pkw-- 

impacted body parts with no sharp edge contacts. Ergebnisse mathematischer Simulation, Berlin 1981. 

Although still open problems exist and technical ques- 
8. Harris J.: Safer Cars for the Pedestrian, 1980. 

tions still are under discussion and although still no stand- 
9. Matthes D.: Sicherheit im Strassenverkehr---der Bei- 

ardized test methodology for pedestrian accidents exists, 
trag der Fahrzeugtechnik, unpublished. 

10. Neilson I.: The Protection of Pedestrians and Pedal it can be said, that also a step-to-step approach by leg- 

islation for testing car front components can be done for 
Cyclists by the Improved Design of Road Vehicles, 

OECD Symposium on Safety of Pedestrians and better pedestrian protection. 
Cyclists 1979. 

Due to the applied materials for the car front structure, 

for the bonnet and the wings, sheet steel has the best 
11. Sttirtz G.: Das Kind im Verkehrsunfall: Biome- 

deformation characteristics. A covering with soft plastic 
chanik, Anforderungen an die ~ussere und innere 

material is possible [24]. An energy-absorbing soft-face 
Sicherheit yon Kraftwagen, Fortschr.~Ber. VID.Z 

for cars can be made of soft sheet steel or Polyurethane Reihe 17, Nr. 8, Dfisseldorf 1981. 

(PU) and/or PU-foam. The plastic material provides the 
12. Ashton S. J., Mackay G. M.: Car Design for Pedes- 

trian Injury Minimization, 7th ESV-Conf., Paris possibility of achieving every degree of stiffness wanted 
1979. 

by varying foam-concentration and including fibs or col- 
13. Luccini E., Weissner R.: Experimental Simulations lapsing areas into the structure. This is shown in Figure 

4.4 as an example. I1 shows the force deflection char- of Car-to-Pedestrian Collisions with the Calspan 

RSV, 7th ESV-Conf., Paris 1979. 
acteristics in four phases for a plastic bumper, which was 

not specially developed for pedestrian protection [18]. An 
14. Kiihnel A., Appel H.: First Step to a Pedestrian 

energy absorption of 70% is possible for foam-filled plas- 
Safety Car, 22nd Stapp Conf. 1978. 

tic structures. A well-constructed soft-face can reduce the 
15, Harris J., Radley C. P.: Safer Cars for Pedestrians, 

7th ESV-Conf., Paris 1979. 
car weight (and fuel consumption), but a small increase 

16. McLean R. F., Eckel C.: Cost Evaluation for Four in consumer costs will be unavoidable*. The varnish of 
Federal Motor Vehicle Standards. Task 7: Cost Re- plastics is no longer a problem today. Compared with a 

sheet steel structure, the construction of plastic parts re- 
view of Pedestrian Safety Modifications, Final Re- 

quires special experience because of the different tech- 
port, Troy 1979. 

nologies. 
17. Pritz H. B.: Vehicle Design for Pedestrian Protection, 

7th ESV-Conf., Paris 1979. 
18. Hoffman J.: ~lber die Durchffihrung von Aufprall- 

versuchen mit Stossf~ingern aus Chemiewerkstoffen 

fiir Kraftfahrzeuge, Hrsg.: HBM, Messtechnische 

1. Luccini E., Weissner R.: Results from Experimental Bfiefe 14 (1978), Heft 2. 
Simulations of Car-to-Pedestrian Collisions with VW- 19. Appel H., Kiihnel A., Rau H.: Sicherheitsauto ffir 

Production Cars, 7th ESV-Conf., Paris 1979. Fussgiinger und Insassen, ein Widerspruch? VDI-Ta- 

2. Glaeser K. P.: Results of simulated Car-to-Pedestrian gung 11, 1976 in Berlin. 
Collisions with the Minicars Research Safety Vehicle, 20. Appel H. et al.: Pedestrian Safety Vehicle--Design 

8th ESV-Conf., Wolfsburg 1980. Elements--Results of In-Depth Accident Analyses 
3. Tscherne, Appel H.: Abschlussbeficht "Erhebungen and Simulation, 23.AAAM, 1978. 

am Unfallort" im Auftrage der Bundesanstalt fiir 21. Bez U., Hoefs R., Stahl H.-W.: The V-Shaped Vehicle 
Strassenwesen, unpublished 1980. Front--Its Influence on Injury Severity in Pedestrian 

4. Danner M., Langwieder K.: Collision Characteristics Accidents and Side Collisions, 7th ESV-Conf., Paris 
and Injuries to Pedestrians in Real Accidents, 7th 1979. 

ESV-Conf., Paris 1979. 22. Bunketorp O., Aldman B., Jonson R., Romanus B., 

5. Langwieder K. et al.: Patterns of Multi-Traumatis- Roos B., Thorngren L.: Experimental Studies on Leg 

Injuries in Car-Pedestrian Accidents; 6th IRCOBI, 

1981. 
* By modifying a 1978 Pontiac with a soft face, a reduction in weight of 130 N 
arid an hncrease in costs of 12 DM was found [16], 23. Cesari D., F~irber E., Glaeser K.-P., von Wijk J., 
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Wismans J.: Proposed Standardized Pedestrian Test points of impact, but because the structural stiffness char- 

Methodology, EEC Biomechanics Programme Proj- acteristics are often constantly changing with respect to 

ect G 6, 1981. location, the results obtained in such a test may not be 

24. Appel H., et al.: Das Sicherheitskonzept des For- applicable to impacts at any other location on the vehicle. 

schungs-PKW UNI-CAR, VDI-Berichte 418, 1981. The tests are complex, requiring extensive facilities and 

25. Appel H. et al.: Biomechanik des Fussg~ingerunfalls, suffer from poor repeatability, making the result of small 

Schriftenreihe der Forschungsvereinigung Automo- changes in vehicle design difficult to detect. They will, 

biltechnik e.v., Heft Nr. 7, Frankfurt 1978. therefore, be difficult to use as a standard test but are an 
indispensable basic research tool for determining criteria 
for rig testing and for validating mathematical models. 

Body Segment Impact Tests 

CHAPTER 5. These tests are generally simple, give good repeatability 

TEST AND ASSESSMENT METHODS and are suited to assessing the stiffness and energy-ab’ 
sorbing capability of discrete structures for both standards 
and development testing, The tests give no assessment of 
the overall shape of a car, or an analysis of the kinematics 

Comparison of Test Methods of a pedestrian. In the past they have sometimes given 

When a pedestrian is struck by a vehicle the severity poor agreement with results of ful!-scale tests because of 

............... of the resulting injury is mainly dependent upon the kin- the difficulty of determining a representative mass of the 

........... ematics of the pedestrian and the crush characteristics of impactor. 

the particular locations on the vehicle struck by the pe- 
destrian. 

Pedestrian kinematics are dependent upon all of the 
Mathematical Models 

following factors: shape and stiffness at the front of a car, An inherently repeatable process, which when fully 
........... the impact velocity, the size of the pedestrian and his validated to a satisfactory standard, will probably be the 
....... standing position. The important crush characteristics are most precise method available for analysing and corn- 

stiffness, crush depth and energy absorption, paring the performance of the profile, stiffness and design 
When reviewing test methods for assessing these char- features of a vehicle for pedestrian protection. 

acteristics, the impact sequence has been considered as The advantages of this method are: 
essentially a two-dimensional problem with a three-di- 
mensional aspect introduced in situations which cause the i) It is repeatable, giving a complete picture of the event 

pedestrian to rotate about the vertical axis of its spine, and is, therefore, suitable for studying the influence 

The Group suggest that the relevance of the third-di- of changes to single components. 

mension is examined in order to determine if the problem ii) It is able to predict the responses for different sizes 

may be adequately assessed by only a two-dimensional of pedestrians. 

analysis, iii) In many circumstances it can calculate quantities 

The methods currently used to assess the effectiveness which are difficult to measure exper~mentally~ 

of these characteristics in a vehicle structure may be iv) It enables a simulated vehicle or component to be 

broadly divided into the following three main groupings: assessed before it is actually produced. 

i) full-scale tests in which a vehicle or simulated vehicle The main disadvantages are: 

impacts a dummy or cadaver; i) All of the characteristics of the pedestrian model have 
ii) body segment impact tests, in which an impactor to be determined. 

representing a segment of a dummy strikes an ap- ii) The sections of the vehicle structure that influence 
propriate component of a vehicle; the response of the pedestrian model to impact have 

iii) mathematical model which gives a theoretical pres- to be identified and appropriate characteristics deo 
entation of a vehicle striking a pedestrian, termined. 

iii) Features that may influence a pedestrian’s response 
in an impact but are overlooked when setting up the 

Full-scale Testing 
model, may pass unnoticed. 

These tests give the most comprehensive data on the iv) When assessing vehicles or components that are still 

interaction of vehicles and pedestrians in an accident, in the design stage an estimate must be made of the 

They test the performance of the vehicle structures at the appropriate crush characteristics: 
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Full-Scale Vehicle Test Procedures the leg will leave contact with the bumper before brake 
dive commences. 

Introduction On standard cars the fully dived condition at impact 
may be achieved with more assurance of repeatability by 

For this test a vehicle or simulated vehicle is accelerated pre-clamping the suspension system in the dive attitude. 
to a selected speed to strike a standing dummy placed in 
its path. The vehicle is then decelerated by a braking Pedestrian Dummy 
system during the impact. The resulting response of the 
dummy is monitored by appropriate instrumentation and The two dummy sizes normally utilised represent a six- 

photographic recordings, year-old child and a fiftieth percentile adult male, mod- 
ified as necessary at the pelvis and shoulder/neck joint 

Impact Vehicle to allow a standing posture. 
Some road accident data claim that the fiftieth percen- 

The impacting vehicle may take the form of either a tile height of a pedestrian victim is 1.60-1.65 m compared 
complete car running on its own road wheels [1, 2, 3, 4] to the 1.75 m of the dummies commonly used [1, 2, 12]. 
or the front section of a car mounted on a test trolley The use of the taller dummy is however probably ac- 
[5]. Simple changes in design may be represented by ceptable since its head is more likely to strike in the region 
mounting simulated body panels on to a trolley fitted of the windscreen or its surround which are a frequent 
with a variable geometry mounting frame [6, 7, 8]. source of serious head injuries [11, 12]. 

Greatest accuracy of acceleration, guidance and brak- Claims are frequently made that it is difficult to obtain 
ing of the vehicle or trolley is obtained by mechanical or repeatable results from existing dummies and also that 
electrical control, but driver controlled car tests have been they require improving in order to give a more accurate 
successfully conducted [9]. Impact speeds have ranged representation of a human pedestrian in an accident. 
from 10 to 60 kin/h, with particular attention given to The neck, torso and pelvis of the child dummies are 
the 25 to 45 km/h region. Vehicle braking decelerations considered to be too inflexible. The adult dummies cur- 
corres~gnding to emergency brake levels are at 0.6 to 0.7 rently in use have been criticised for the following reasons 
g and in some instances decelerations of 0.5 g have been 

[3,4,9,13,14]. 
used in tests. 

Tests have shown that the speed and height of a vehicle 1. The lumbar joint, torso and neck are too inflexible. 

at the moment of impact are important parameters in The spine should be flexible over its total length and 

determining the charcteristics of the impact to the also have vertical compliance and elasticity. 

dummy. During brake application the height of the car 2. The shoulders are too stiff in lateral compression. 

may change appreciably (brake dive). Accident data [10] 3. The knee joint requires lateral compliance, 

suggest that both the ’brake dive’ and the normal running 4. Leg adduction is insufficient. 

height conditions occur at pedestrian impact and tests to 5. The ankle joint requires lateral rotation. 

represent both vehicle settings should be considered. A two-dimensional pedestrian dummy has been pro- 
When tested, complete cars runming on road wheels posed and in view of the predominately two-dimensional 

usually have their suspension free to operate and they characteristics of a pedestrian accident, the Group believe 
therefore reproduce ’brake dive’. Trolley mounted body that this possibility should be examined to determine if 
shells are generally set at a fixed height to reproduce such a device may simply, successfully and repeatably 
either the normal running height or the brake dive con- reproduce all of the necessary features of a pedestrian 
dition, accident. 

In order to achieve comparable test conditions, it is 
important that vehicle speed and ride height at the mo- Dummy Stance 
ment of impact should be both predictable and repeatable. 
This may be easier to achieve if the brakes are applied The dummy may be positioned at any location in front 
just after the instant of impact. Dummy leg to bumper of the car to test the different stiffnesses of the front 
contact time has been reported as only 100 ms [11]. structure and bonnet top with the location, stance and 

With braking prior to ’striking the dummy, the velocity joint conditions closely controlled so that tests may be 
[2], and on cars with active suspensions, the ride height repeated as accurately as possible. 
will also be rapidly changing at the instant of impact, The dummy is normally positioned so that it is totally 
thus making a specified ride height and impact velocity in the path of the car; difficulty may be experienced in 
difficult to achieve, obtaining repeatability from comer impacts in which the 

On a vehicle with an active suspension system, there car strikes only a portion of the dummy. 
may be a ~sk that a descending bumper will hold an Dummies are normally supported from the head and 
impacted leg to the ground. With brake application at or released electrically just before impact. With this arrange- 
after impact, this possibility will be minimised because ment the joints are torqued to approximately the lg level 
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but greater flexibility may be obtained by reducing this Additional cameras positioned over the point of impact 

value to 0.5g or less. and mounted on the vehicle to view the dummy from the 

Some tests have been conducted with free standing roof and from the side have also proved to be useful. 

dummies and in these instances, there was no joint friction 
and weak shear pins were fitted at the adult hip and knee Accelerometers and load cells 

and the child knee [8,15]. The free standing arrangement Triaxial accelerometers are fitted to the head, upper 
is more difficult to set up. The weight of the dummy is thorax and pelvis of both the adult and child dummies, 
usually equally distributed between both feet but on some with additional accelerometers at the knee and ankle of 
occasions 90 percent of the load was on the impacted leg the adult. 
which was considered to reproduce the most severe leg Rotational acceleration of the head is a cause for con- 
impact condition [7]. ceru, but there is no acceptable current measurement. 

Impacts have usually been to the side of the dummy Bending moments have been measured on both the 
with a small number to the front and rear, thus reflecting upper and lower leg segments as well as loads on hip joint 
the directional frequency in the real world accident sit- and occasionally loads on neck and the leg in compression 
uation. 

[8,16]. 
The impact tests to the side of a dummy may give the On the impacting vehicle, bumper loads and bonnet 

most severe leg impact condition [7]. fore and aft and vertical loads have been recorded. 
Impact of the shoulder or elbow to the bonnet top 

frequently occurs and because on current dummies these Assessment 
components are far more rigid than on a person, they 
give to the dummy an unrealistically high degree of pro- Precise assessment of an impact is usually conducted 

............. tection to the head [5,9]. In some instances this has been for all stages up to the headform striking the bonnet or 

overcome by standing the dummy essentially at right windscreen area. Subsequent impact with the ground is 

angles to the impacting car but rotated towards the bonnet often considered only in general terms because the re- 

by 30 degrees and with the impacted leg rearwards. This sponse of the dummy is unlikely to accurately reproduce 

is claimed to give a representative loading to the lower the actions of a pedestrian for kinematics of such duration 

limbs and also imparts sufficient rotation to the dummy and complexity. 

.......... during the impact to ensure the headform strikes the The main purpose of the test is to assess the kinematics 

........... bonnet without shoulder contact [14]. It has been noted, of the dummy, the velocity of the different body regions 

however, that with this stance a dummy has virtually no when striking the car and the exact location on the car 

residual adduction at the leg. of each particular impact. 

The arms have, where necessary, been lightly taped to Acceleration and force measurements are primarily of 

the torso to ensure that they do not interfere with head value for comparison with other tests, using an identical 

or thorax to bonnet impact. There may be an advantage dummy to show if there are significant changes in the 

..... in removing the arms from the dummy if it can be shown severity of impact. 

that their omission does not cause a significant change Severity of leg impact may be assessed by consideration 

in the subsequent trajectory of the dummy. It would be of the bending moments in the long bone and the bending 

appropriate to partially ballast the torso to compensate moments and shear force in the knee joint. Knowledge 

to some degree for the arms being removed, of these parameters is particularly necessary when mul- 
tiple impacts to the leg occur. 

Instrumentation In conditions where the leg is struck only by the 
bumper, and the shape and position of the bumper is 

High-speed cameras and instrumentation for recording unchanged, then some indication of the relative severity 
accelerations and forces are necessary for a comprehensive 

of the leg impact may be obtained from consideration of 
assessment of the impact, the knee or ankle acceleration or the bumper load. Cot- 

Photography 
relation of knee acceleration against injury has been re- 
ported in one series of cadaver tests [17], but generally 

Cameras running at up to 500 frames per second can researchers have not been able to show any correlation 
give a clear close-up of the initial impact and an overall of leg accelerometer measurements to injury. 

view can also be taken from a distant position at right Comparison of impact severity at other body regions 

angles to the impact location. This second camera must may be related to the following measurements: 

be duplicated if an accurate assessment is required of the 
Pelvis---Impact load on hip joint or pelvic acceleration 

dummy kinematics up to subsequent impact with the Thorax--Thoracic acceleration 
ground. If accuracy is required only for the dummy,to- 

Head--Head acceleration 
car impact period of the test, then a panned camera may 
be sufficient to give the overall scene. For tests into all types of structures, impact location 
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and impact velocity of the different body segments are more complex test method a trolley mounted bumper or 
important. Accelerations are only meaningful if the struc- car front is propelled into a sophisticated dummy leg 
ture impacted is a section of a real car or is suitably attached either to a complete dummy or to a mechanical 
designed to represent an appropriate automobile struc- system representing this. 
ture. 

Additional factors may help to assess the risk of severe Moving legform tests 
head injury from ground impact. These are, the extent of 
rotation of the dummy on to the bonnet and then to the The impactors shaped to represent the knee or shinform 

ground, the throw height and throw distance and the are propelled by a gun or pendulum device at speeds up 

contact time of the dummy on the vehicle, to 40 km/h into the front face of a rigidly mounted 
bumper. The effective mass of the legform will partly 
depend on the height of the bumper and, therefore, the 

Rig Component Tests region of the leg that is struck and partly on the lateral 

Introduction 
compliance at the knee. 

Full-scale tests using dummies having no lateral com- 

This form of tests consists of an impact between a pliance at the knee have shown that the effective mass 

section of a vehicle and a body segment of a dummy or may range from 5.5. kg with a bumper height of 180 mm 

cadaver. The impacting device may be either a pendulum, to 18 kg with a bumper height of 400 mm [8]. 

or a form fired from an air or hydraulic gun or mounted Tests with cadavers, which have a lateral compliance 

on a small trolley, at the knee approximating to that of real pedestrians, 
indicate that the effective mass used by a bumper mounted 

Head Impact Tests at 500 mm is approximately 3.2 kg [17]. 
The most realistic value of effective mass is probably 

In this test an impactor representing a headform is best derived from knee acceleration and bumper forces 
propelled into a test structure at an appropriate speed measured on full-scale cadaver tests with the magnitude 
and direction that has been determined either from full- of the impact in the tests chosen to give a closely defined 
scale tests described in paragraph 5.2 or from a mathe- severity of knee, or knee ligament injury. 
matical model. The method used to assess the moving leg test is by 

A firmly mounted air or hydraulic gun is probably the consideration of the magnitude of the acceleration of the 
most suitable device to accelerate the headform, allowing impactor. This may be satisfactory over a limited range 
for impact at nearly any angle, but free fall or pendulum of impactor shapes and stiffness, but it is unlikely that 
system are also satisfactory in many situations, the performance of a wide range of car frontal shapes can 

Establishing the effective mass of a headform has be accurately assessed. 
proved to be difficult and values ranging from 4.3 kg to 
7.12 kg have been used [18,19]. Moving bumper test 

When the headforn-i and torso of a dummy simulta- 
neously strike a flat panel, such as a bonnet top, there is A bumper or car front face is mounted on a small test 

probably only a smal! loading transmitted through the trolley (300 kg has been used) and propelled into a so- 

neck and the effective mass of the headform corresponds phisticated legform fitted with a knee joint having a small 

approximately to its own weight. If this dummy were to measure of lateral compliance. A mass representing the 

dive head-first into the same panel, the effective mass of torso is pin-jointed to the top of the upper leg [20]. 

the headform would be increased by a proportion Of the Performance of the impacting device may be assessed 

torso mass and the magnitude of this increase would be by considering either the angle of flexure at the knee or 

influenced by the angle and stiffness of the neck. the bending moment across the knee or the forces acting 

Several researchers have experienced difficulty in re- on the ligaments if these are fitted. An analysis of shear 

producing on the component test rig the headform ac- forces across the knee may also prove to be necessary. 

celerations measured in full-scale tests, and this difference When fully developed this procedure is potentially more 

has been attributed to unrepresentative or constantly suitable for assessing the performance of a much wider 

changing effective masses. It is possible that the choice range of shapes than the first method considered. 

of effective mass of the headform may vary depending 
upon the location on the car of the component under test. Bonnet Leading Edge Tests 

Leg Impact Tests The bonnet leading edge is for many cars the compo- 
nent which gives the major force of impact to the pedes- 

Rig tests relating to legs, fall into two main groups, triano It strikes either the pelvis or femur of an adult, or 
The simpler tests consist of an impactor representing a the thorax of a six-year-old child. Tests to assess the 
legform, striking a car bumper. In the alternative and performance of this important component take account 
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of the effective mass of the adult pelvis which is probably tests would be necessary, however, to demonstrate the 
the heaviest of these segments and will, therefore, require limits to which this process may be used with acceptable 

the greatest crush depth and also the child thorax, which accuracy [14]. 
is the lightest and requires the least stiffness. The effective 
mass is, however, influenced by the shape of the front of Pedestrian Model 

a car and consequently full-scale tests measuring bonnet 
The specification of the pedestrian model is based on 

leading edge fore and aft loads and equivalent adult pelvis 
and child thoracic accelerations are necessary to deter- 

the characteristics of a dummy, that is, a series of rigid 

mine a range of realistic values [21]. 
elements connected by joints. Cadavers and real people 

...... A gun or pendulum device is suitable for projecting have semi-flexible elements which are much more difficult 

............. the impactor horizontally into the car component at ve- to represent. 
For two-dimensional models, 7 or 8 segments are nor- 

locities up to 40 km/h. Performance of the component 
is assessed by analysis of the acceleration/time history of 

mally used and 14 or 15 for the three-dimensional model. 
Each segment is defined by: 

the impactor measured by an accelerometer mounted at 
its centre of gravity, i. Mass. 

........... ii. Location of joints. 

iii. Location of centre of gravity. 
Mathematical Model iv. Moments of inertia in x, y, and z directions. 

v. Dimensions of the semi-axis of ellipsoids of 
Introduction                                                contact. 

A mathematical model is a process which utilises a Joints generate two sets of forces: constraint forces, 
computer program to predict the kinematics and the im- that keep the segments together and spring forces. 
pact forces on a pedestrian struck by a vehicle. A com- The constraint forces are composed of tension compres- 
purer run of the program is closely equivalent to an sion, shear and the components of torque not caused by 
experimental test with a car and a dummy pedestrian, friction. 

Similarly to the Full-Scale Vehicle Test, its main pur- The spring forces are generated by a movement between 
pose is to show the kinematics of the dummy, the velocity two adjacent segments. These are composed of elastic and 
of the various body regions when striking the car, and viscous torques and coulomb friction using polynomial 
the location of the respective impacts to the car. joint stops where appropriate. The joints are further de- 

When used as a research tool, it may also provide time fined by the positions of the centres of rotation and of 
histories of the forces and accelerations acting at the knee, the joint stops. 
pelvis, thorax and head of the pedestrian dummy when 
striking the car. The kinematics when thrown from the Vehicle Model 

bonnet to the ground are only of general interest, to show 
the probable orientation of the thorax and head at impact 

The vehicle is described by up to twenty deformable 

with the ground, 
panels each with an appropriate stiffness. Stiffness values 
at certain locations will be applicable to many models of 

General Description car. 
The ground is represented by one of the vehicle panels. 

The model may be either two or three dimensional. If the panel is depicted as stationary relative to the stand- 
The three-dimensional version is much more expensive ing dummy, then foot friction may be reproduced. In the 

to run and also requires a larger computer. Nevertheless instances where the panel moves with the vehicles, zero 
when the relatively expensive development of the com- foot friction is assumed so that the pedestrian does not 
puter programme is complete, it can be used for many move before impact. 
tests at costs which are considerably cheaper than those Full-scale tests have shown that foot friction has a 
of a full-scale dummy test. It should furthermore be ca- significant influence on the kinematics of a dummy and 
pane of giving accurate results for most configurations also on the impact forces to the leg. 
of vehicle frontal and corner design and pedestrian stance 
[22,23,24]. Operating Model 

The two-dimensional model is most suited to impacts 
with symmetrical loadings which do not induce lateral 

Realistic contact forces have been represented by the 
model in the following situations: 

displacement or rotation apart from pitching. A limited 
number of studies using a two-dimensional model have i. Narrow sections----When a narrow section of 
been conducted in which some measure of asymmetric a vehicle (eg., a bumper) struck a long segment 
loading was present and good agreement with the results of a pedestrian, (eg., a leg) then a reactive 
of full-scale tests was noted. A large number of validation force was always generated. 
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ii. Soft panels--When a segment penetrated a improvement research". Proc. 8th Int. Tech. Con- 

soft panel, (eg., a bonnet top) then the reactive ference on Experimental Safety Vehicles, Wolfsburg, 

force was maintained. Germany, October 1980, 

iii. Adjacent panels--When a segment strikes two 5. H. B. Pritz. "Comparison of the dynamic responses 

adjacent panels, then the development force of anthropomorphic test devices and human anatomic 

took account of the loading to the adjacent specimens in experimental pedestrian impacts". Proc. 

panel. 22nd Stapp Car Crash Conference, Ann Arbor, USA, 

iv. Reactive force---Calculations of reactive force October 1978. 

differentiated between recoverable planes, in 6. M. Kramer. "Pedestrian vehicle accident simulation 

which energy is stored and fractured planes through dummy tests". Proc. 19th Stapp Car Crash 

(eg., windscreens) in which impact energy is Conference, San Diego, USA, November 1975. 

destroyed. 7. H. B. Pritz, C. R. Hassler, J. T. Herridge, E. B. Weis. 
"Experimental study of pedestrian injury minimiza- 

To simplify operation of the model it has proved helpful tion through vehicle design". Proc. 19th Stapp Car 
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Models are validated by comparing the output with the Proc. 7th Int. Tech. Conference on Experimental 

result of full-scale tests to show the measure of agreement Safety Vehicles, Paris, France, June 1979. 
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be standardized it may be helpful if an agreed set of ri~re. "A synthesis of available data for improvement 
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Sources of Head Injuries and the Reconstruction of Vehicle Head 
Contacts in Pedestrian Accidents 

S. J. ASHTON INTRODUCT!ON 
T. A. GREETHAM 

The Ohio State University, Columbus, Ohio Pedestrian accidents currently result in approximately 

H. B. PRITZ 
80o0 people dying, and approximately 150,00© people 
sustaining non-fatal injuries, in the United States of Amer- 

National Highway Traffic Safety ice each year. A recent study by Wolfe and O’Day (t) 
Administration showed that over 75% of U.S. pedestrian accidents occur 

M. PEREIRA in urban areas and that in about 80% of the accidents, 

Transportation Research Center of Ohio the pedestrian is struck by a car. Data from the Pedestrian 
Injury Causation Study (PICS), a NHTSA-sponsored in- 
depth study of urban pedestrian accidents involving cars 

ABSTRACT and light trucks, indicate that roughly two-thirds of the 
pedestrians struck by a car or car derivative receive a 

The relative importance of head injuries in pedestrian direct blow from the front of the vehicle (2). Combining 

accidents and the influence of head impact location on these results indicates that in over one half of all U.S. 

the severity of head injuries is examined by reference to pedestrian accidents, the involved pedestrian is struck by 

the PICS data file. the front of a car or car derivative. 

The results of an experimental program, in which the Head and leg injuries have been identified as the injuries 

relative stiffnesses of different locations on the hood most often sustained by pedestrians struck by the fronts 
fender top surface were determined are described and of cars; head injuries being particularly important as they 

compared to the accident data analysis, are the injuries most frequently responsible for death (2, 

The initial findings of a program to reconstruct pc- 3). In this paper, the sources of head injury in U.S. pe- 

destrian head to vehicle contacts is reported and problems destrian accidents are described. The factors influencing 

relating to the reconstruction of head impacts discussed, the severity of vehicle contact head injuries are examined. 
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An experimental test program examining the properties dicated that almost twice as many head injuries were 

of the vehicle structures contacted by pedestrian’s heads caused by contact with the ground than by contact with 

is described and the effectiveness in reproducing real the vehicle (Figure 1). 

world head impacts is commented upon. 

Relative Importance of Vehicle Contact and 
PEDESTRIAN HEAD INJURIES Ground Contact Injuries 

Atthough contact with the ground was the main source 
The Data of head injury, a high proportion of the injuries resulting 

The results presented in this section were obtained from from ground contact were relatively minor injuries; 84% 

analysis of the final Pedestrian Injury Causation Study of the ground contact injuries being minor or moderate 

(PICS) data file. In the PICS study, data on a total of (AIS 1-2) injuries compared to 64% of the vehicle contact 

1997 accidents involving 2021 vehicles and 2068 pedes- injuries (Table 2). It was found that the importance of 

tfians were obtained by investigations conducted in vat- the vehicle as a source of injury increased as the severity 

ious cities in the United States between 1977 and 1980 of the head injuries increased (Table 3). While contact 

by five accident investigation teams. Each team investi- with the vehicle was responsible for 34 to 39% of all head 

gated a stratified sample of accidents involving cars, car injuries, it was responsible for 55-58% of the AIS 4-6 

derivatives or light trucks such as pickups or vans. To head injuries. Malliaris, Hitchcock and Hedlund (4) re- 

allow for combination of the data, weighting factors based ported that 62% of the harm to pedestrians’ heads re- 

on each team’s sampling plans were computed for each sulted from contact with the vehicle: harm being a concept 

case. Weighting the data in the data file produced an in which the importance of a particular injury or injury 

effective data base of 5152 accidents involving 5317 pc- source is assessed using injury cost data to weight the 

destfians and 5280 vehicles. AIS ratings. 

Restricting the analyses to only those cases where a Contact with the vehicle is thus currently an important 

single pedestrian was struck by the front of a car or car source of pedestrian head injury and is more important 

derivative, and details of the pedestrian’s age and injuries than contact with the ground. 

were known, reduced the effective data base to 2686 cases. 

General Location of Vehicle Head Contacts 
The Injuries 

The top surface of the hood and fenders was the area 
Head injuries (including injuries to the face) were sus- most frequently struck by pedestrians’ heads, approxi- 

tained by 62% of the pedestrians struck by the front of mately 60% of all head contacts with the vehicle being 
a car or car derivative. Just over half (52%) of those with to this area. Contact with the windshield or windshield 
a head injury were noted as having received just one such surround accounted for about 22% while contact with 
injur~’; while 20% received three or more head injuries the front structure of the vehicle, i.e., the leading edges 
and 3% received 5 or more head injuries. However, many of hood and fenders and the radiator grill, accounted for 
of these injuries resulted from a single cause. For instance, 13%. As would be expected, age had a strong effect on 
a person who received a blow to the head which resulted the location of the contacts. The proportion of vehicle 
in a scalp laceration, a skull fracture and a period of head contacts that were to the top surface of the hood 
unconsciousness would be recorded as having three in- or fenders rising from about 30% for the very young child 
juries. The majority (87%) of the head injuries were at- (< 5 years old) to about 80% for the older child, and 
tfibuted to a single cause or contact (Table 1). then declining to about 35% for adults aged 30-44 years 

Further analysis of the source of the head injuries in- but increasing to about 75% for elderly adults (>60 

years) (Figure 2). These differences with age in the pro- 

Table 1~ General source of head and face injuries by number portion of vehicle head contacts to the hood and fender 

of distinct injury sources for pedestrians struck by top surface can be explained by consideration of the var- 
the fronts of cars or car derivatives--weighted PICS iation in height of pedestrians with age and in variation 
data. in impact circumstances with age. 

General source Number of distinct injury sources 
of Injury 1 2 3 All Specific Vehicle Location and Severity of 
Vehicle only 423 16 439 Vehicle Head Contacts 
Ground only 940 6 946 
Vehicle and 168 19 187 The relative importance of the various structures con- 

ground tacted by the head is related to the frequency of contact 
Not known 80 2 82 and the injury severity if there is a contact. An analysis 

1443 192 19 1654 on the relative importance of vehicle components was 
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I S truck by Front of I 2685 
Car or Car Derivative 

With Head or 1654 
Face Injury 

Vehicle Contact VehicLe Ant Ground Contact Source 
OnLy Ground Contact Only Unknown 

439 187 I 946 82 

I Ve hi c le ’ Ground 
Contact : Contact 

i     626 1133 

Figure 1. General source of head injury for pedestrians struck by the fronts of cars or car derivative. 

performed taking into account both of these concepts. In Contact with the top surface of the hood occurred about 

conducting this analysis, all distinct sources of injury were 4 times as often as contact with the next most frequently 

considered, contacted structure, and was the cause of just under 50 

The main structures contacted, in order of decreasing percent of the vehicle contact head injuries. 

frequency of contact, were: In terms of injury severity, however, contacts with the 

top surface of the hood, front face of the vehicle, and the 

the top surface of the hood windshield were found to be less likely to result in AIS 

--the top surface of the fenders 4-6 injuries than contacts with other structures (Figure 

--the front structure of the vehicle 4). Contact with the top edge of the windshield frame 

--the lower edge of the windshield flame/cowl was the most hazardous; 60% of such contacts resulting 

--the windshield glass in AIS 4-6 injuries. This reflects the high speed necessary- 

--the "A" pillars to reach these structures. Ranking the structures in order 

--the top edge of the windshield flame of decreasing hazard, hazard being related to the risk of 

Table 2. Severity of head injuries by general source of injury for pedestrians struck by the fronts of cars or car derivatives-- 
weighted PICS data. 

General source 
AIS 

of injury 1 2 3 4 5 6 

Vehicle contact 334 86 118 53 40 23 654 
Ground contact 718 239 102 43 34 10 1146 
Not known 43 24 11 5 1 84 

1095 349 231 101 75 33 t884 
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Table 3. Percentage of head injuries resulting from vehicle 
pedest uck by the f    of contact for rians str ronts cars .... 

or car derivatives weighted PICS data. 

Percentage vehicle contact 
Injury Excluding Including 

severity unknowns unknowns 
group (1) (2) (3) 

AIS 1 31.6% 30.3% - 34.2% 
AIS 2 26.5% 24.5% - 31.5% 
AIS 3 53.6% 51,1% - 55,8% 
AIS 4 55.2% 53.5% - 57.4% 
AtS 5 54.1% 53.3% - 54.7% ,o 
AIS 6 69.7% 69.7% - 69.7% 
AtS 1-6 36.2% 34.6% - 39,1% Figure 3. Frequency of contact for various vehicle structures 

AtS 2-6 42.8% 40.6% - 45.8% as the source of the most severe head injury sus- 

AnS 3-6 55.3% 53.2% - 57.0% tained by pedestrians struck by the fronts of cars 

AIS 4-6 57.1% 55.5% - 58.4% or car derivatives--weighted PICS data. 

A~S 5-6 58.9% 58.3% - 59.3% 

Note: If "V" is the number of veNc~e contact injuries, then (1) -- 100.V/ 
(V+G). the injuries sustained. On the basis of frequency of con- 
if "G" is the number of ground contact injuries, (2) = 100.V/ tact, the top edge of windshield frame ranked seventh 
(V+G+N). 
if "N" is the number of unknown contact injuries, (3) -- 100(V+ N)/ and the top surface of the hood ranked first, while on the 
(V÷G÷N). basis of the severity of the injuries sustained, the top edge 

of windshield frame ranked first and the top of the hood 
sustaining an AIS 4-6 head injury from a head contact 

fifth. 
with the structure, gave: The concept of harm used by Malliaris, et al. (4) pro- 

--the mp edge of the windshield frame vides a method of taking into account both frequency and 

the "A" pillars severity. Figure 5 shows a comparison of the percent total 

the top surface of the fenders harm for each vehicle component. Ranking the structures 

the lower edge of the windshield frame/cowl on the basis of the percent total harm gives, in order of 

the ~op surface of the hood decreasing harm: 

the front structure of the vehicle 
the top surface of the hood 

the windshield glass 
the top surface of the fender 

The relative importance of the different structures is a the lower edge of the windshield frame/cowl 

function of the frequency of contact and the severity of --the "A" pillars 

the top edge of the windshield frame 

the front face of the vehicle 
.........~ __~___~    ~    ,    o~         ,    ~_~100~ the windshield glass 

Figure 2. Influence of age on the proportion of vehicle head Figure 4. Risk of ~ecei~ing a serious head injury by vehicle 
contacts that are to the top of the hood or fenders structure contacted for pedestrians struck by the 
for pedestrians struck by the fronts of cars or car fronts of cars or car derivatives--weighted PICS 
derivatives--weighted PICS data--, data. 
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Figure 5. Percent total harm associated with head contacts 
on various vehicle structures struck by the heads 
of pedestrians struck by the fronts of cars or car 
derivatives--weighted PICS data. 

Figure 6. Experimental test setup. 

From these results it is concluded that although the 
The impactor is similar to the impactor developed to 

hood is one of the least hazardous structures contacted, 
simulate pedestrian knee/bumper impacts (6). The im- 

it is the most important structure due to the frequency 
pactor uses pneumatic pressure to accelerate a drive piston 

with which it is contacted. The fenders, although con- 
which accelerates the impacting ram and headform. The 

tacted with a frequency only 1/4 of that of the hood, are 
drive piston is stopped by a snubber piston, and the im- 

nearly as important as the hood due to increased risk of 
pacting ram continues in free-flight until it strikes the 

injury once contacted. Contact with the top edge of wind- 
target location on the hood. The impacting ram is a free 

shield frame, the most hazardous type of contact, for- 

tunately was relatively infrequent. Overall, contact with 
projectile confined to uniaxial motion. 

The headform is a modified Part 572 dummy head. 
the hood, top surface of fender, the cowl and lower edge 

The rear of the head has been removed and a mounting 
of the windshield frame accounted for 70% of the harm 

plate welded in place as shown in Figure 8. The mounting 
to pedestrians’ heads as a result of vehicle contact. 

plate is oriented in such a way that the direction of motion 

is the same as the impact direction used in the calibration 

EXPERIMENTAL INVESTIGATION OF procedure for the Part 572 dummy head. The weight of 

HOOD AND FENDER CHARACTERISTICS the entire headform projectile is similar to that of the 

original dummy head, and including the modified head- 

The analysis of the first 450 PICS cases indicated that form and skin, attaching bolts, and tubular impact 

contact with the top surface of the hood was the leading ram, weighs 9.81 pounds. The headform is instrumented 

cause of non-minor vehicle contact head injuries for adults to independently measure acceleration, velocity, and dis- 

and the second most frequent cause of non-minor vehicle placement in the direction of impact and to provide an 

contact head injuries for children (5). An experimental impact event marker. 
program was initiated to examine the properties of current A review of the first set of PICS cases was done to 
vehicle hoods. The objectives of the initial program were identify principal locations on the hood where head ira- 

to determine (a) baseline properties of current vehicle pacts are likely to occur. This review produced 47 cases 

hoods and fenders, and (b) the viability of using a head- in which a head impact was clearly identified on the 

form impactor in simulating the head impact of a pedes- ’ vehicle and was also clearly dimensioned. Of the 47 cases, 

trian with the hood or fender. 24 involved Children, 13 involved adults~ and !0 involved 

The use of a headform impactor permits precise posi- elderly persons. 

tioning of the impact on the vehicle surface. The exper. To compare the impact locations of the head on the 

imental technique is straightforward and permits tests to hood for the various vehicles, a calculation was ~de of 

be conducted at a minimal cost. the distance from the ground around the profile to the 

The experimental test setup is shown in the photograph center of the head impact location, ~is measurement, 

of Figure 6 and in schematic in Figure 7. A headform termed the wraparound distance; is a parameter that 

positioned above the vehicle hood surface is propelled should be somewhat independent of the Various Vehicle 

downward into the hood by an impactor. The impactor frontal profiles for defining the head impact location. 

is cantilevered over the vehicle front. Both the vertical Figure 9 illustrates for the47 cases of clear head contact 

position of the headform and the angle of impact are the percent of the cases with a given wraparound distance. 

adjustable (Figure 7). The horizontal positioning of the Two distinct areas of interest are indicated. A significant 
headform is accomplished by moving the vehicle, percentage of impacts occur at a wraparound distance of 
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Figure 7. VRTC pedestrian head impact simulator. 

64 inches which is consistent with an average adult tem- based on a very large or statistically proven sample, the 

poral height. A second large percentage of cases are seen indications of these two principal impact zones suggest 

having a wraparound distance of approximately 40 inches that it may be possible to focus attention on particular 
which represent the child injury cases. Half of the 47 areas of the hood and fender rather than the entire surface. 
cases involve children. Although these findings are not Using these findings to determine the probable head 

contact locations a test matrix was developed that would 
allow the relative injury potential of a number of different 
production vehicle hoods to be established. Specifically, 
the test matrix was structured to examine variables in 
dynamic response resulting from such factors as (1) 
changes in impact location, (2) differences in bottoming 
distances to various engine components, (3) side-to-side 
symmetry, and (4) basic test reproducibility and repeat- 
ability. 

The test matrix consists of 7 impacts as shown in Figure 
10. Seven impact locations were specified on the right 
side of the hood of the vehicle. Points 1-5 were located 
at a wraparound distance of 64 inches and equally spaced 

from the hood!fender seam to the center of the vehicle. 
Points 6 and 7 were forward of axial points 2 and 4 and 
at a wraparound distance of 58 inches. All seven impacts 

Figure 8. Test headform, were conducted at an impact velocity of 25 mph. 
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Figure 9, Frequency distribution of wrap distance~48 cases, 

The experimental test matrix was conducted on eight vehicle type. HIC values are the same at some point for 
distinct vehicles selected to span the range of production both the subcompact Datsun and the futlsize Catalina. 
hood designs and vehicle types. Vehicle sizes range from Further analysis of these experiments indicate a strong 
sub-compact to full size and include an "X" body and relation between HIC and dynamic displacement. The 
two intermediate sizes, An Oldsmobile Cutlass was in- dynamic displacement is very dependent on the clearance 
cluded to examine differences between hood materials, 

and a BMW was used to investigate a different hood 

design. 

Figure 11 shows the principal results of these experi- 

mental baseline impacts. Plotted are the HIC values for 

the seven impact locations. Position 1 is the hood/fender 

seam and position 5 is the center of the hood. All tests 

are at 25 mph. 

The HIC values for Position 1, the hood/fender seam, 

range from 3600-6200 and are considerably greater than 

the remainder of the surface. The majority of impact ! 
positions have HICs from 1000-2000, The HICs for the 

_~2 
hood/fender seam are approximately 3 times that of the 

hood. It is to be noted that a similar ratio was obtained 

from the analysis of the PICS data in determining the --~ 
hazard of an impact on the hood or fender. It was found 

that a contact with the fender was about 4 times as haz- 

ardous as contact with the hood. This suggests in a general 

way that there is probably a relation between structural 

properties as measured by a head impact simulator and 

actual head injury severity. 

Referring again to Figure 11, it is evident that the HIC Figure 10, Experimental test matrixminjury severity map- 
values are also largely independent of vehicle size and ping. 
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distance between the hood and engine structure compo- scribed in this section is to further define and establish 

nents. For example, a 1 inch clearance as in areas near this relation between injury and head impact dynamics. 

shock towers produced a HIC of 4000-6000 whereas a Accident investigation provides details of the injuries 

2-1/2-3 inch clearance produced a minimum HIC of sustained and the residual damage to the vehicle; it does 

about 1000. Thus it is likely that pedestrian head injury not, and cannot, provide any information about the actual 

severity could be reduced by simply permitting a larger forces applied to the head or the vehicle. The damage to 

stroke distance in key areas on the hood. the vehicle, however, provides a record of the impact 
dynamics of the actual accident. 

RECONSTRUCTION OF HEAD IMPACTS        Reproducing the damage to the vehicle in the labora- 
tory should make it possible to determine the forces acting 
at impact and, by reproducing sufficient cases, to obtain 

The PICS study, and other accident studies, have en- information about the relationship between impact dy- 
abled the nature and causes of pedestrians’ head injuries namics and resultant injuries (Figure 12). 
to be documented. These studies have shown that the A pedestrian accident reconstruction program has, 
structure contacted by the head has a large influence on therefore, been initiated by NHTSA and has as its 
the severity of the head injury sustained. Experimental objectives: 
testing just described has shown that the dynamic re- 
sponse of the various structures that pedestrians’ heads ~The determination of the complexity required of im- 

contact, as measured by an impactor device, does appear pactors in reproducing accident damage. 

to relate to the severity of the head injuries sustained in --An examination of the relationships between impact 

real world accidents. The purpose of the research de- dynamics and resultant injury. 
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Laboratory Reproduction of Accident Dents 

The impactor used in the investigation of the impact 

t I response of hoods was used for the reconstruction tests. 

I This is a modified Part 572 headform weighing 9.81 lb; 
A~d ...... ~ ............. The impactor was aligned such that at impact the fore. 

head of the dummy head struck, normally, to the same 

I 
structure that had been contacted by the pedestrian’s head 

i in the accident. Tests were conducted over a range of 

I A~oi~oo~ .o~od ....... ~ 
t 

impact velocities such that the dents produced in the 
........... ~ ..... ,c~o ~ experimental tests banded the accident dent. 

I ! It was found that when the accident dent was located 
on a relatively flat panel there were few problems in 

I i 
~ producing similar dents in the laboratory. However, when 

~o~oo,~Z~ ~ .... ~. the impact occurred on a curved panel it was more dif- 
ficult to obtain a satisfactory reproduction of the dent, 

....... Figure 12. Rationale for reconstruction of impact damage. The procedures used and some of the difficulties are il- 
lustrated in the following example. 

Example Case 81-08-211 

This program developed out of the test program re- A 7-year-old girl, height 44.5 inches, weight 40 
ported in an earlier section of this paper, which examined lb., was struck by the front of the vehicle at an 

........... the properties of hoods, impact speed of about 20 mph. The vehicle was 
braking at impact. Her head contacted the top sur- 

Selection of Cases for Reconstruction face of the hood on the feature line on the right 
side of the hood, resulting in a small dent. There 

At the start of the program, the only cases available was a contusion on the back of the head caused by 
were those investigated as part of the PICS study. The contact with the hood. This injury is coded as an 
PICS data file was interrogated and those cases identified, AIS 1. The damaged hood was obtained after the 
in which a pedestrian had been struck by the front of a accident. 
car or light commercial vehicle and had a head injury Twelve impactor tests were conducted before it 
attributed to contact with the vehicle. The original case was considered that a satisfactory reproduction of 
files were then examined. It was found that in the majority the accident dent has been obtained. As the defor- 
of the cases there was a lack of detailed information on marion was very localized, tests were carried out at 
the damage to the vehicle. The PICS study was structured the location of the accident dent and also at the 
to provide an overall description of the pedestrian acci- mirror image location. This reduced the tota! hum- 
dents and to document the structures contacted by pc, ber of undamaged hoods that had to be purchased. 
destrians and the resultant injuries. It did not require Figure 13 compares the ac~zident cross section and 
detailed documentation of the vehicle damage, the dam- the experimental test cross sections for the tests; 
age being described only in gross terms of type and extent, these cross sections were taken at right angles to 
Many of the cases did, however, have fairly good pho- the longitudinal axis of the vehicle through the point 
tographic coverage of the dent. of maximum deformation. On these cross sections, 

An accident investigation study was initiated to provide the arrow indicates the general location of the ira- 
cases in which there was documentation of the vehicle pact and the direction of travel of the impactor. 
damage in sufficient detail to enable the damage to be The initial tests were conducted with the impactor 
more clearly reproduced experimentally. This study, the in a vertical position striking the hood inboard from 
Pedestrian Accident Investigation Data Support (PAIDS) the top of the feature line curve, tt was found from 
study, is being performed for NHTSA by Traffic Safety these tests that the damge was located on the top 
Research (TSR) in Palo Alto, California. In the study, surface of the hood rather than on the curved section 
100 accidents in which a pedestrian is struck by the front of the feature line. The impactor was then tilted 
of a car or car derivative and sustains a head contact with and a further series of tests run. It was found that 
the vehicle are to be investigated. If there is damage to small variations in impact angle and position influ- 
the vehicle as a result of the pedestrian’s contact with the enced the nature of the dent; for example, the de- 
vehicle, the investigating team has been instructed to ob- formations produced in runs SRL39-111 and SRL 
tain the damaged sheet metal whenever possible. If this 39-112 were different in profile even though both 
is not possible, the damage is to be documented using a runs were at the same angle and impact speed. These 
standardized recording procedure, two runs were at a slightly different position. 
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Undamaged Cross Section 
Accident Dent Cross Section 
Experimenta! Test Dent Cross Section 

5RL39-64 VELOCITY: 28.9 MPH SRL39-78 VELOCITY: 13.2 MPH 

HIC : 1679 HIC : 285 

PEAK ’C’ : 186 PEAK ’G’ : 92 

SPJu39-65 VELOCITY: 15.9 MPH SRL39-79 VELOCITY: 13.3 MPH 

HIC : 496 : 300 

PEAK ’G’ : 125 PEAK ’G’ : 86 

SP~L39-68 VELOCITY: 11.2 MPH SRL39-92 VELOCITY: 13.1 MPH 

HIC : 232 HIC : 436 

PEril ’G’ :    91 PEAK ’G’ : 117 

Figure 13. Comparison of accident and experimental test dents. 
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Undamaged Cross Section 
Accident Dent Cross Section 
Experimental Test Dent Cross Section 

SRL39-93 VELOCITY: 13.2 MPH SRL39-111 VELOCITY: 10.6 MPH 

HIC : 286 HIC : 184 
PEAK ’G’ : 83 PEAK ’G’ : 67 

SRL39-95 VELOCITY: 11.5 MPH SRL39-I12 VELOCITY: 10.5 

HIC        : 270                                                   HIC        : 227 

PEAK 91                                                   PEAK ’G’ :    80 

SRL39-94 VELOCITY: 11.5 MPH SP-.L39-113 VELOCITY: 10.2 MPH 

}{IC : 268 HIC : 267 
PEAK ’G’ : PEAK ’G’ : 89 

Figure 13. (Continued). Comparison of accident and experimental test dents. 
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Test SRL39-113 was judged to be a good repro- computer models. The complete accident sequence from 

duction of the accident dent, the test dent and ac- initial bumper contact to hip impact with the hood edge 

cident dent being in the same location and of similar to head and upper body impacts will be examined and 

shape, it can be seen in the figures that the HIC reconstructed in the laboratory to more completely sire- 

levels for the three closest reproduction tests are in ulate a particular accident. The results of this effort should 

the order of 2~,3. produce significant data on pedestrian impact injury tol- 
erances. 

Head impact reconstruction tests have been conducted 

on a total of 27 real world accidents, these accidents 
spanning the range of head injury severity from minor CONCLUSIONS 
(AIS 1) to untreatable (AIS 6) head injuries. Documen- 
tation on the accidents ranged from a general description The following conclusions can be stated from this re- 

of the head contact on the vehicle to detailed recording search effort to date. 

of the cross section of the dents and including, in some 1. Analysis of the PICS data has shown that most 
cases, the actual damaged sheet metal. In the early part severe head injuries are a result of contact with the 
of the project, the cases available for reconstruction were vehicle. 
those investigated in the PICS program. While it was 2. Based on the concept of total harm, the hood and 
possible to produce dents which were similar to the de- fenders are the most important vehicle components. 
scription of the dent in the accident file, the lack of 3. A headform impact simulator can be used to ex- 
detailed documentation on the accident dent meant that amine differences in vehicle structures. 
there was some uncertainty as to which experimental test 4. It is possible to reconstruct the vehicle deformation 
most closely reproduced the accident dent. This was es- resulting in pedestrian head impact using a head, 
pe~:ially the case where the head contact had been to a form impact simulator. 
relatively stiff structure such as the fender where there 5. Further research is needed to incorporate the effect 
was only a small change in dent depth with impact ve- of head effective mass into the relationship between 
locity. The later cases, investigated as part of the PAIDS dynamic impacts measurements and injury severity. 
program, had detailed documentation of the dents and it 
was found that in these cases it was possible to reproduce 
the dent to a good degree of similarity using the impactor. R EF E R ENCES 

These tests have shown that it is possible to reproduce 
quite closely with an impactor the vehicle damage re- 1. Wolfe, A. C. and O’Day, J. (1982), "Pedestrian Ac- 
sulting from an actual pedestrian head contact, c, idents in the U.S." HSRI Research Review, March- 

April 1982. Highway Safety Research Institute, Ann 
Arbor, Michigan, pp. 1-16. 

Development of Injury Tolerance Data 2. Greetham, Thomas A., "An Analysis of Head Injury 

The major purpose of reconstructing pedestrian head in Real World Pedestrian Accidents and Their Ex- 

impacts is to establish a relationship between a dynamic perimental Reproduction." M.S.C. Thesis, The Ohio 

measurement and actual injury. Preliminary results of the State University, August 1982. 

27 pedestrian accidents suggests a relationship between 3. Ashton, S. J. and Mackay, G. M. (1979), "A Review 

measurements such as HIC and the injury severity. These of Real World Studies of Pedestrian Injuries." Unfall- 

reconstructions were all done with a constant mass head- und-Sicherheitsforchung Strassenverkehr, Heft 21, Co- 

form and the velocity, position, and impact angle varied logne, pp. 119-139. 

to reproduce the vehicle damage. 4. Malliaris, A. C., Hitchcock, R., and Hedlund, J. 

Concurrent tests were run to examine the sensitivity of (1982), "A Search for Priorities in Crash Protection." 

HIC measurements to impact velocity and impactor mass. Paper 820242, Society of Automotive Engineers, War, 

It was found that the residual or permanent deformation rendale, Pennsylvania. 

is directly related to impact energy, which, of course, 5. Daniel, S., Eppinger, R. H., and Cohen, D. (1979)~ 

involves both mass and velocity. Large changes in HIC "Considerations in the Development of a Pedestrian 

or peak g’s could be produced by changing mass and Safety Standard." Proceedings of the Seventh Inter- 

velocity with very similar resulting vehicle dents, national Technical Conference on Experimental Safety 

Research efforts are now under way to determine the Vehicles, DOT, Washington, D.C., 1979. pp. 724-738. 

resulting head effective mass and velocity in a given ac- 6. Eppinger, R. H. and Pritz, H. B., "Development of a 

cident. Several mathematical computer models are now Simplified Vehicle Performance Requirement for Pc- 

being exercised and validated. Actual vehicle character- destrian Injury Mitigation." Proceedings of the Seventh 

istics at the various impact locations are being determined International Technical Conference on Experimental 

using the impactor and these are used as input into the Safety Vehicles, U.S. DOT, Washington, D.C., 1979. 
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Some Principles of Large-Scale Accident Studies Related to "Active 
Safety"---The Need for Providing Adjusted Accident Material and the 
Limits of Current Conclusions 

M. DANNER; K. LANGWIEDER ---criteria for selecting accidents (homogeneous acci- 

H UK-Verband dent material) and presenting the results in keeping 

Automobile Engineering Department with the complexity of the problem 

---eliminating from the material inadmissible factors German Association of Third Party, 
which cover and interfere with the normal behaviour 

Accident, Motor Vehicle and Legal pattern of the driver-vehicle control loop 
Protection Insurers --the necessary number of accidents for standard pa- 

rameter distributions which can be reproduced by 

independent material with the same methodology. 

INTRODUCTION Finally a systematisation of "critical accident situations’" 

The need for accident studies regarding is proposed. The experience gained in previous studies 

"active safety" with regard to methods to be adapted and presentation 

of the findings must now be combined and put into a 
Following a phase of car safety research in which ques- comprehensive research concept. This work should con- 

tions of passive safety and of biomechanics were of dom- 
tribute to this aim. 

inant importance, in recent years the number of works 

dealing with active safety have increased. This develop- 

ment stazted from the discussion on THE OBJECTIVES OF STUDIES INTO "AC- 
--the extent to wh:’ch the improvement in active safety, TIVE SAFETY" 

which was doubtless achieved, influences accident 

prevention The ideal objective of such studies is naturally to record 

--where typical behavioural defects in the complex the effect of technical improvements on the driver’s be- 

driver-vehicle control loop are to be found and haviour and thus on accident prevention, and if at all 

--whether or how far the additional technical safety is possible to make it quantifiable. This would apply not 

cancelled out by the driver’s behaviour or by the only to global car concepts, it would certainly be attractive 

change in traffc flow. to derive, in particular, findings on specific car models 

or even individual technical elements from real-life ac- 
The discussions in various countries about imposing reg- 

cidents. But in view of experience hitherto it must be 
ulations on car behaviour give rise to the need to define 

clearly stated: If the objective set out above were the only 
typical critical situations in real-life traffic. Only with a 

aim of these accident studies it would be completely jus- 
reliable knowledge of accident occurrence in real life is 

tifiable to_s~p these analyses of "active safety". Findings 
there adequate justification for discussing regulations with 

typical of one particular design relating to driving be- 
regard to safety. But knowledge of the correlation of active 

haviour--even if this appears plausible--still have to be 
safety and accident prevention is still inadequate, 

relegated to the realm o~ ~, and this will cer- 
There is an urgent need to take stock of the situation 

tainly be the case for the foreseeable future, too. 
in the area of accident research as well. The different 

The principal objectives of studies into "active safety" 
criteria for selecting accidents with regard to "active 

are, however, first to be found in other fields, whose each 
safety" lead to a different structure of the accident ma- 

area of validity has to be strictly distinguished individ- 
terial, and this inevitably results in different distributions 

ually: 
of the accident parameters; but it is still not known to 

what extent the recording criteria influence or partially --A clearly defined description of the current accident 

anticipate the results, occurrence and of accident frequencies with 

weighted reflection of the facts not interpreted for the 

purpose of supposed causes, It is decisive not only 

AIM OF THIS WORK to state the frequency of accidents occurring, but 

On the basis of the HUK research with independent also to describe as accurately as possible the indi- 

studies related to "active safety", this paper attempts to vidual circumstances, for example, environmental in- 

take stock in a critical way of fluences, characteristics of the road. critical 

situations. 
the results achieved so far and the extent to which --Ascertaining driver and vehicle characteristics as the 
they can be compared effect of the complex control loop i~n dgfined~ cri~!~al 
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situations. This task has to be largely detached from 
recent studies     number of selection criteria    s~mpling 

the technical aspects of active safety, and it chiefly into ’i3ctivo safely" cases 
contains the description of defects in driver behav- HUK (2} 6~000 c, ~ 69 
iour. One of the main problems here is the fact that Zomotor (4) 3.000 

the driver characteristics which can be objectively HUK (3) 5.~00 b, A 74-77 
ErNets    (8)     1.400        a,d       77(a), 74(d) 

ascertained and thus described reproduce only a 
HUK ( 1 } 7, 700 a, A 69 

small sector of the personal characteristics respon- MHH (5) 230 a 73-81 

sible for the driver’s behaviour or the occurrence of HUK (7) 4.500 a,= 75 

an accident. HUK {61 1, 200 a, ¯ 74-79 

---The fundamental basis for recognising the change in 
OB!0ekra (9) 9,375(c),’737(a) a,c,~ 76-81 
HUK (10) 1.500 a,~ 79-81 

accident frequencies--both by technical measures HUK (!1) 1,500 a.~r" 79-80 

and driver characteristics. New technologies and HUK (12) 3,000 a,~ 79-81 
electronic systems enable new solutions to be found e~pono’~ .... , 

a = single-car accidents              ~, = with personal iniury only 

in the field of "active safety". An assessment of the o .... /vehicle collisions 
c = 011 groups of road users ~ = with/without personal injury 

accident frequencies possibly influenced by technical ~ .... ~s~ ....... 

innovation and their effect on accident prevention is 
only possible when the previous state of the accident 

Figure 1. Examples of studies on the subject of "active 

occurrence was already largely known, 
safety" in Germany. 

Thus, independently of the above-mentioned ideal inten- General agreement was found on the special risks in- 
tion of car-related conclusions, it is one of the primary curred by adolescent drivers, who are far more frequently 
tasks of present-day studies to aid decision-taking for the involved in accidents in which the vehicle leaves the road 
need and priorities of safety measures in the complex field in bends than any other age group. Single car accidents 
of "driver-vehicle-environment" by showing defined sc- are caused mainly (4, 6) by young dryers up to the age 
cident frequencies and to provide at least starting points 

of 25. Moreover, the latter are involved in accidents more 
for before/after analyses, frequently than other age groups under the influence of 

Used correctly in this way, studies into "active safety" 
alcohol (11). Women drive more defensively than men 

can offer a certain help in continued risk determination 
(9) and cause fewer accidents (1, 2, 15). Accidents on 

and safety improvement, straight roads account for 30-40%, and are thus consid- 
erably less frequent (3, 7, 9) than accidents in bends. Two 

COMPARISON OF CURRENT RESULTS HUK studies of single car accidents (6, 11), however, 
showed a far higher proportion of accidents on straight 

The following comments are restricted to studies in roads, between 50 and 60%--although each of these stud- 

Germany (1-12), so as to exclude unknown influences of ies covered some 1,000 to 1,500 cases. This reveals how 
accident characteristics in foreign countries. In the future, difficult it is to ascertain the influence of the different 

criteria on the results depending on the sampling method.~ 
comparisons.h°wever’ it will be necessary to intensify international ~ Generally the limits of car handling properties are not\ 

Figure 1 includes accident characteristics of different ~reaehed (12),~the accidents are chiefly due to the in- 
origin and structure; they cover the period of the last appropriate reaction of the driver, uncontrollably inten, 

decade and, partly, contain varying accident groups, for sifted by accident stress. This means that considerable 

example car-to-car or single car accidents. This leads to importance attaches to dynamic driving processes with 

the problem that for comparative purposes it is difficult their effect on the average driver in the transition stage 

to mark off a defined accident selection of similar char- from normal to critical driving behaviour (12, 19). 

acteristics. In view of the currently considerable change With some deviations, depending on the selection of 

in the technical design of cars, e.g., front wheel drive, car accidents, fundamental patterns of car dynamics and be- 

weight (11, 13, 14), it is extremely difficult to filter out haviour, however, do emerge: 

the influence of modern vehicle technology when a fairly 
long period of time is covered by accident sampling. ~Rear block (rear engine and drive) cars are involved 

This does not mean that the value of these studies is in accidents in bends more frequently than cars with 

questioned, but this major problem of all studies into front block or of conventional concept (front engine/ 

active safety must be faced, rear drive) (4, 8, 16). This tendency increases on wet 

But in spite of the differing sampling of accidents, it roads (3, 6, 11). 

is possible to draw conclusions on some individual factors --Skidding by sports cars which yaw are found above 

which may already be regarded as generally valid for average according to (4, 6, 9); but apart from tech- 

"single car accidents". Problems arise mainly when these nical factors, for example, the momentum of inertia, 

individual findings are to be connected with other factors, the fact had to be taken into consideration that these 
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accidents occur at far higher speeds than accidents NEW STUDY OF SINGLE CAR 
of other cars, and that a different behaviour and ACCIDENTS 
response characteristic of this group of drivers exists. 

--Four groups of driver populations can be observed Structure of the Material 
(3, 6) which influence the accident characteristics of 

the categories of cars they use (3). Besides technical Over and beyond the hitherto available HUK studies 

factors, the purchase price of the vehicle represents evaluated according to the same criteria (3, 6, 11), for 

a dominant criterion for the distribution of the driver this study 3,000 single car accidents have been evaluated 

population for particular car models, by HUK’ engineers over a period of three years. 

This accident material (Fig. 2) comprises accidents in- ............,. -The more frequent skidding of small cars (4) seems 

........... to be strongly influenced by their driver population volving considerable damage (comparable to the tow- 

apart from technical criteria, for example, low inertia away criterion) to the car with and without injuries to 

momentum and the effect of a small wheelbase (16). 
persons. The accidents are from the years 1979-8 l; they 

cover the whole area of West Germany, all road categories 

In almost all the studies the distribution of cars’ ages is and a normal monthly distribution. The accident char- 

recorded, but this effect is usually not separated in the acteristics in general agree with the National German 

........ results any more for the purpose of "adjusted material" Accident Statistics (20), with some over-representation of 

(11). This leads to an uncontrollable inclusion of"obsolete fatal accidents in our material. 

technical concepts" and gives additional problems to the A random sample of 578 accidents (particularly well 

classification by "car concepts" (according to the position documented cases, most of them with reconstructions and 

of drive and engine) which is rather unsatisfactory any- details of the critical situation) was taken from this basic 

way. material which corresponds to the characteristics of the 

.......... But the review has shown that total material. In addition to the criteria applied hitherto 

cri " " " " " (3, 6, 11), a new tenon,~~~~ 

--pragmatic values regarding driver/vehicle interac- (12) during the disturbance (Fig. 3), was used instead of 

tion from previous studies emerge, even if compar- the unsatisfactory description of the scene of the accident 

ison is difficult because of the differing structure of according only to a bend or straight road. This "onset/ 

the accident material and sampling criteria, end characteristics" (AEC) describes the entire course of 

.......... ---Quite often different accident groups (for example, the road between the onset and end of the disturbance 

single car accidents or car-vehicle collisions) or dif- and the intended driving line and thus the necessary driv- 

ferent types of accidents, (for example, a rear-end 

collision or accidents on crossings) are lumped to- .. 
gether, although their basic characteristics are totally overall injury HUK- research moteria[ 
different. Doing this is bound to result in an inad- severity (OAIS) 3000 single-car accidents 
missible distortion of the relations. 

--It is typical of all studies hitherto that methods and occupants No. % 
possible ways of selecting the necessary accident ma, uninjured 1,7/.6 37. 2 terial have been sought for. Generally valid reference ............................ 

qualities to relativise the results obtained have not m i nor 1.156 24.6 
yet been found, moderate 871 t8.5 

serious 336 7. 1 It is still quite unpredictable, into which fields of "active 

safety" it will be possible to penetrate. On the one hand, critical 129 2.8 
it is a fact that improved technical safety has an effect in 

fatal real-life traffic. On the other hand, it is a problem to find 

appropriate accident material and a way of presenting the total 4, 698 100.0 
results which reflects the complexity of the parameters 

(17, 18) and their interaction. 

Another problem: even if accident causes could be re- ~ singte-Q3r accidents r~tion~l stalis~ics [20] 

liably categorised and analysed in certain partial areas, J "~.                  HUK 1979-1981 1980 

one must nevertheless realise that it is a long way from urban 903 30~1 45,814 38.4 
recognising the causes to countermeasures of accident 

~.~ rural 2,097 
69.9 -~3,-~41 .............. ~1-16~ ............ prevention. In spite of this, there must be no slackening 

~ o total 3,000 
100.0 119,155 100.0 in our efforts, for these analyses represent the only access 

known today to quantitative data of accident occurrence 
Figure 2. Accident material of this study on single-car 

(19). accident. 
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ing manoeuvre. This avoids the problem existing today / 
that only the spot of the final position of the car is de- 

course 0| road during 

scribed, which cannot indicate the course of the road 
disturbance AEC catego~/ symbol 

1 during the full length of the disturbance. AEC 3--bend/ onset --- end 

straight road--indicates that a disturbance, for example, 
skidding, started in the bend and ended in final uncon- straight road 0n[y 1 

in the section "straight road" that followed. trollability 
On the other hand, AEC 1--"straight road"windicates 
that both the onset and end of the disturbance occurred 

bend only 2 

within a straight section of the road. The application of 
AEC causes problems in only a few cases in which the bend ~ straight road 3 
"onset-area" of the disturbance is difficult to ascertain 
(12). straight road ~ bend 

~yond detailed registration of the car model, the clas- straigN r0ad---*- bend---~-straighl road 
sification according to "car concepts" was used. This~ 

unsatisfact~ classification is used in the absence of any bend----straight road ~ bend 

°better alternatives and it should be kept in mind that with ................. -~be~ ................. 
6/7 

the car concept automatically a large number of other 
parameters change--therefore, all results below may not ~igure 3. Proposal for a new criterion of "onset/end char- 

be regarded as the influence of "car concept" only. On 
acteristics" during the disturbance to the driver- 
vehicle control loop. 

the other hand it is hopeless and, because of the extremely 
large number of combinations, even dangerous to try to 
form an overall criterion for car behaviour (19). The only of the internal structure of the accident material. More- 
technically correct method of inquiry according to indi- over, the change in the frequency of types of car registered 
vidual car models wilt not work because of the problem may result in not inconsiderable differences when the 

of sufficient accident material and adjustment criteria, accidents are recorded in different periods. 
Finally, the random sample of 578 cases was checked The nature of the road conditions within the car con- 

individually m show the necessary "adjustment criteria" cepts shows deviations, which cannot yet be finally as- 
and the possibility of an elimination of inadmissable in- sessed. In the case of snow or ice the value for cars of 
tefference factors, conventional concept is relatively high, but, conversely, 

the accident frequency of front and rear block cars on 

Possibility of Standard Parameter Distribu- 
dry roads is far higher. In the absence of any general 

tions in the Accident Material and the Number 
reference quantity it is impossible to assess which risk is 
over- and which under-represented. In Figure 4, for ex- 

of Cases Required ample, it cannot be ruled out that all risks of accidents 

One of the decisive questions in accident studies on on icy roads would be the same in reality, while a certain 

"active safety" is from what size of accident material proportion of the single car accidents with conventional 

constant, reproducible standard distributions of the pa- drive or front block that could theoretically be expected 

rameters can be expected when using the same sampling on dry roads, does not occur. The age distribution of the 

criteria and the same method of evaluation. Figure 4 drivers with their different accident characteristics (6) 

shows the distribution of the influences "road section" may also play a dominant role here. 

and "road conditions" for the various car concepts. Of Figure 4 therefore should only be understood as re- 

the 3,000 single car accidents 50.1% occurred on straight flecting facts in the accident material; at this point any 

roads and 49.9% in bends, further interpretations are inadmissible. It is a funda- 

This result agrees with earlier findings--but there are mental danger when discussing "active safety" in the light 

deviations from other material (6) of 1,200 single car of real-life accidents that distributions in the accident 

accidents in which accidents in bends accounted for about material have to be published which can be misused to 

60-70%. come to premature conclusions, without the structure of 

This difference can be partly explained by the earlier the material providing adequate support. 

sampling period, from 1974 to 77, and a far higher pro- A comparison with the first set of 1,500 accidents (Fig. 

p~rtion of rear block cars than in the present material 5) indicates that the parameter distributions have not 

from 1979 to 81 (11); furthermore, the former study (6) changed in general, and the partial sample shows very 

covered single car accidents with injury to persons only. good agreement especially with the overall relation of 

A comparison of different accident material can only be the final material, surprisingly even in the parameter 

carried out with extreme cantion even when the same "road conditions" broken-down into the car concepts 

definitions are used, and it calls for a precise knowledge (Fig. 4, 5). 
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car concept     front block      conventional " rear block |-- total1 

......... =,~straighf ro~d ~ 3 ~5.9 1,01 8 5Z.8 52 ~.B 1,503 5~.] 

.......... 
~=~ r,gh~ ’205 &0.1 t362 39.5 ~3& &8.6~601 
~ sub~o~t 511 5&.1 916 &Z& 70 57.& 1,&97 

~o~t 9&~ 100.0 1,93& 100.0 122 100.0 3,000~100.0 

dry &76 50.~ 202 ~1.8 6& 52.5 1,3&8 
mo~s~ &0 &2 &7 2.& 7 5.8 9& 3.1 
wet 1&3 1 5.1 299 15.5 25 20.5 &67 !5.6 
)oo[s of wGfer 1 5 1.6 30 1.5 1 0. 8 &6 1.5 
snow & 7 5.0 102 5.3 5 &. 1 15 & 5.1 
ice 18~ 1£5 598 30.9 16 13.1 798 26.6 
sticky 31 3.3 31 1.6 2 1.6 6& 2.1 
loose graver 8 0.9 1 9 1.0 2 1. 6 2 9 1.0 

total 9~ 100.0 1.93& 100.0 122 100.0 3,000 100.0 

Figure 4. Distribution of the parameters "road section" and "road condition" according to car concept in the accident matedN 
(3000 single car accidents). 

~ Only Jn the parameter "road section" are there 
car concept fr0n~ brock c0nven~ionot rear block t0tot fio~s amounfi~8 to aroo~d 5% (Par e~am£Ie, stra~8~t 

~ roads with 54.7 and riO. ~ %). 
Apparently the number o£ about 1,5~ cas~ thus m~ks 

accident p’tot [ totQt pi~ot [ tarot pilot [fotQ’ pi~ot ]toter 
a limit from which reliable parameter distributions and 

materiel s~mNe somp[e s~mDle sQmpte standard results in independent material are to be ex- 

.~ strmghtroad ~.~[~.~ 
~.~ ~1.~ ~.] ~7.~ 5~.1 ~.1 pected. Even when the results are broken down into some 

~ ~e~t ~ ~o.0 ~9~ ~o.~ ~0.~ ~3~ 5t~ 590 5~.~ frequent car models, a good constant p~ameter distfi- 
~ ~ bution could be obse~ed ~ the fi~t set of 1,5C~ as ~m- ~ ~ r~ght, 40,0 40.~ 39.9 39.5 555 486 4~.0 ~0.1 

~ s~o~ ~.~ ~.1 ~7.8 ~.~ pared with 3,~ accidents. 

tot~ ~ 
- - 1500 3000 

Accident material covering about 1,5~ cases of a ho- 
o~ ~ars mogeneous accident group, for example, single c~ acci- 

~ry ~9.7 50.a aO.9 ~1.8 52.7~52.5 ~a.3 aS.0 
dents, evaluated with defined criteria, can thus give a 

2~ 
largely constant representation of accident ch~actefistics 

~1~-- ~--~ -~~ ~ ~- -~ 9. -5~-8 3 3 3.1 of which accident frequencies and trend analysis of the 
~ ~7-~- ~ ~-~- ~~- ~5 ~-8~ ~ ~ ~ effect of the driver/vehicle control l~p in total may be 
~ ~oo~s of,a~e~ 15 1.~ 1. ~ 1.5 1.3~ 0, ~ ] 5 1.5 based. But problems arise as soon as parameter combi, 

~ ~-~ ~} 50 ~-~~-~-~-~-~ ~ ~ nations fo~ed, which is necess~ for the analysis 
~’; ............... 4--: .... : [ .] ~:_~2 

are 

~,ce 119.7 19.5131.5[~0.9 11,91131 25~26.6 
of dfiver- or car-related parameters, 

~ ~o~t ~6~-~- ~00.~~ ~~o ~-0--~0~-i~0~ ~ ConclusionSRefined Criterionfr°m aofRandomthe "Onset/EndSample withchar.the 
acteristic" of the Disturbance 

Figure 5. Comparison of pa~ of the material of 1,500 
accidents with the total material (3,000 acci- Figure 6 shows the distdbution of the "accident ~ea" 
dents), in the random sample (578 c~es) on which the onset/ 
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ventional cars the onset and end of the disturbance was 
c0r concept predominantly found inside one bend or one straight sec- 

iront biocklconvenhonol rear bbck 
totQt tion of road. With rear-block cars, however, the propor- 

~ ~ .~ tion of combined road sections is higher. But it must be 

32. ~ ~ 2.3 2 k 7 ~ 
pointed out once again that these values indicate only the 

-~~ internal relation in this material and cannot dete~ine 

~ - 5 ~1 ~ ~ 3.5 2.5 the risk in absolute te~s. Thus it might be conceivable 

that with all car concepts the accidents of one AEC type 
tot~ AEC 

fne~ ace,dent    ~11315 &3.2 51.3 &g.O ~1.2 
per 1~,~ registered cars had the same risk, but other 

disturbance characteristics, for example, when driving in 
~ strc ght ro~d’ 

---~- a bend, come through so dominantly that the relations 
g ~ cz,t~ o~ *~ 

~5.9 52.6 a2.6 5~.1 obse~ed here within the car concepts emerge. This ab, 

sence of any point of reference and thus of an absolute 

~ 5k! 
~ 

risk detestation has always to be pointed out. 

~,~ ~ ....... 2. ~ ........... ~ .................... ~]~ ..................... ~-- Acddent Characteristics of Driver 

"~e~-,d ~ 517 The distribution of the accident characteristics largely 

depends on driver influences. Young drivers in possession 
obc crf ~o~ 

:~ ~,~,~t ~e~          %. 1 ~ ~7 ~ 51~    ~9.9 
of a driving licence for up to three years have a completely 

different accident cause distribution (6) than experienced 
b~" ~~ ~ ~ drivers; as a licence is acquired at usually 18-19 years of 

, random sample 578 cases * total sample &000 cases age the lack of driving experience is covered up by the 

Figure 6. Improved description of the crisis situation using young drivers’ attitude to risk exposure. 
the new "onset/end characteristic" (AEC) corn- The AEC distribution of the different age groups shows 

" tr " pared with the global criterion of "bend", s a~ght typical differences (Fig. 7). Adolescent drivers have a far 
road", 

greater frequency of accidents in bends: the first three 

end characteristic was tested for the first time. While the years after acquiring a licence are pa~icularly critical, 

propo~ion of cases with "onset and end of the disturbance but only after seven years is the distribution typical of 

inside one bend" (48,4%) corresponds veD’ accurately to beginners reduced and in the subsequent age groups these 

the figure of 49.9% in the to~l material, it is clearly relations become blu~ed. But Figure 7, too, reflects the 

shown that the global criterion of the "accident area problem of a generally valid risk dete~ination: the per, 

straight road" does not adequately reflect reality. While centages given are only valid within the reference groups 

the global criterion classifies 50.1% as "straight road and should not be misinte~reted as a risk comparison 

accidents", only in 36.7% did the onset and end of the (for example, per 1~,~ licence holders) in the different 

disturbance occur within one straight road section (AEC age groups. This would, for example, lead to the false 

1). In 8.0% the disturbance had already begun in the conclusion that older drivers had an accident frequency 

bend and only on the straight road following the bend inside straight sections of road almost 1.7 times higher 

did the car get out of control, i.e., did the accident occur, than beginners. 

The refined definition "AEC" thus results in a consid- Figure 8, however, shows a possibility of generally de- 

erable improvement in the possibility of assessing dynamic te~ining fisks~though presupposing, which is not 

driving processes, strictly the case, that the distribution in Figure 7 for single 

This also becomes clear in the distribution within the car accidents per age group reliably indicates the distil- 

car concepts. To make the comparison easier, in addition bution of all single car accidents. 

to the individual breakdown, the AEC 1,3,5 and AEC The age distribution of car drivers who did not cause 

2,4,6,7 were combined, each corresponding to the global the accident is ~own from the HUK studies (15), and 

criterion of the "final accident area straight road" or experience in the past shows that this can be roughly 

"bend". By combining in this way there was good corn- equated with the nodal distribution of drivers us~g the 

parability in the case of front-block cars (43.2% compared roads. 

w~th 45.9% in the sample with global criterion) and of Making the above presupposition, the AEC distribution 

conventional drive cars (51.3% compared with 52.6%). according to Figure 7 can now be related to the estimated 

The distribution of the AEC with car concepts showed average driver population, and this produces a relative 

considerable variations in the frequencies of the dynamic risk (Fig. 8). Because of the unce~ainties mentioned, the 

driving process~ during the course of disturbance which risk factors were deliberately not indicated quantita- 

led to the accident. With cars with front block and con- tively~ut it becomes clear that young people who begin 
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"~ 
1 

~~ 

415 617 
~~ 

~~ 

total 

age groups~ No. % No. % No. % No. % No. I % No, % 

18- 20 51 30.3 89 53.0 16 9.5 7 t,.2 5 3.0 168 10O. 0 

21 - 25 58 369 76 t,8.t, 12 7.7 7 t,.5 t, 2.5 157 100.0 

26-30 23 34.8 31 4ZO 6 9.1 z, 6.1 2 3.0 66 1OO.O 

3! -40 39 z,2.4 42 &5.6 7 Z6 1 1.1 3 3.3 92 100.0 

41-50 18 50.0 13 361 2 5.6 3 83 - - 36 1000 

5!-60 16 53.z, 13 43.3 - - 1 3.3 - ~ - 30 101:10 

over 60 5 z, Sz, t, 36.Z, - - 1 9.1 1 °~1 11 10Q0 

total 210 37.5 268 ~,7.9 &3 7.7 2~, ~,2 15 2.7 560 
, = onset of disturbance x = final position of car/accident spot 

Figure 7. Involvement of drivers in single-car accidents according to age groups--course of the road (AEC) during the 
disturbance (random sample without adjustment). 

to drive have a generally increased accident risk, which THE BASIS OF "ADJUSTED ACCIDENT MA, 
on straight roads is about three times and in bends as TERIAL" 
much as about ten times higher than for car drivers aged 

Defining Terms 30 or above. 
These features typical of drivers are completely trans- It is absolutely essential to adjust the accident material 

ferred to the driver-vehicle control loop and, because of if conclusions are made which extend beyond reflecting 
the varying driver populations for car models, result in the occurrence of real-life accidents and which aim at 
differences in accident frequency. Attempts to estimate assessing the influence of the driver-vehicle control loop 
this influence are still in their early stages. It may well or even the vehicles’ technical concept. This adjustment 
be possible that--also by using preciser definitions such entails eliminating from the accident material inadmis- 
as AEC--a far better basis for assessment can be expected sible interference factors and dominant factors (such as 
in the future when the new, refined study material is the drivers’ ages) which may cover up all the other in. 
available, fluences of less significance. In this paper the term "ad, 

justing the accident material" is, moreover, to be 
understood in a much broader sense: 

... "Theoretically adjustment must result in homogeneous 
,e~t~v~ accident material in such a way that only the relationships 
r{sk ~ t,[C 1= onset/end ot disturbance 

in one s~r~gb~od ,ect~o_~ relevant to the investigation should have an effect and al! 

Z23 ~c ~=onset/end 0t d~st~boo~ other interference factors are eliminated or neutralised or 
in one bend 

the extent of their effect can be assessed." 
Considerations with regard to "adjusted accident ma- 

terial" must therefore begin even when formulating the 
criteria for selecting the accidents, and they differ ac- 
cording to the aims of the study. 

(~ge groups 
0t d, ..... ~.0 ~-~ ~.~o ~-,0 ,~-~0 ~,-~0 .... ~0 Desirable Adjustment Criteria 

Figure 8, Estimate of a relative risk distribution of drivers’ Figure 9 shows some adjustment criteria recognisable 
age groups in single-car accidents, at present with an assessment of the possibility of re- 
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possibilities 
parmmeters adjustment criteria examples _ of recording~ 

- defined selection - road category/area ~0~ 

stracture of - h~mog~eous accident - car-to-car accidents/ ~000 

accident group single-car accidents 

nmterial - accident consequences - accidents with/without 0000 
injury 

- identical type of - rear-end collisions/ 0000 
accident                    collisions at crossings 

- age/sex 0000 

- possession of driving - young drivers 0000 
licence 

- driving experience 00 

- alcohol 000 

- acute/chronic - drugs ¯ 

behavioural defects     - illness/impaired sight    00 

/heart attack      ¯ 

driver 
- familiarity with the car 00 

- t~m~rary influences - adaption to the car ¯ 
on driver behaviour - social behaviour ¯ 

- attitude to risk          ¯ 

- blackout/overfatigue      00 

- sudden distraction ¯ 
- rmlmoe_ntary disposition (environment/occupants! 

- psychical stress ¯ 
situation 

- car age 0000 
- mileage 0000 

c~ 
- mmintenance                000 

- presem~t condition - mechanical defects 00 
- loading 00 

- traffic flow/density - traffic jam 000 

- influence of other - driving ~mnoeuvre/ 00 
party insisting on right of 

way 

environment - signs/information         000 

- road characteristics - road under construction 000 
- defect of road structur6 00 

- specific weather - snow 0000 
conditions - ice 00 

- aquaplaning 00 

¯ --~ easily possible ®e~e -- ~""~-- )ossibte with limitations ~ 

-- normatty possible ~ -- not possible or very difficult    ¯ 

Figure 9. Catalogue of requirements for hitherto recognizable adjustment criteria of the accident material in studies of 
the driver-vehicle contro! loop. 
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cording them. It can be seen at once that the precondition the occupants or acute or chronic health 
of completely "adjusted accident material" cannot be ful- defects (heart attack, impaired sight) 
filled because of the number and complexity of the influ, m6 through mechanical defects (tyres, light- !.0% 

encing factors. But it should be ensured that at least the ing, brakes) mostly resulting from inade- 
main features of a body of accident material are adjusted quate maintenance 
to such an extent that conclusions of defined validity can 39.3% 
be drawn. Other, in general nearly unascertainable, cri, 

teriamsuch as the drivers’ attitude to driving, social be- In 4 out of 10 single car accidents recorded the normal 
haviour patterns, personal disposition at the time of the behaviour pattern of the driver-vehicle control loop was 
accident or even familiarity with the car--have to be possibly largely reduced by an interference factor. In this 
compensated as far as possible by a sufficient number of proportion, environmental hazards caused by sudden 

hindrances on the road, unexpected icy patches, snow or 

aquaplaning--altogether about 14.5% of the cases--are 

not yet taken into account. 

These cases have to be included when discussing en- 
.......... vironmental influences or accident distributions, but there 

Practical Possibilities are other specific analyses, for example, driving dynamics 

or braking behaviour where these cases have to be partly 
The effect of interference factors and thus the impor, eliminated from the investigation material. 

tance of adjustment criteria for the result depend to a 
Thus single car accidents in unadjusted distribution do 

great extent on how the accident material is recorded and 
not result in the high direct correlation to "active safety" structured. Single car accidents thus have to be treated 
which is presumed to exist, at least results found there 

quite differently from car-to-car collisions or car-pedes- 
cannot be transferred to the whole traffic requirements 

trian accidents, 
without considerable restrictions. 

Taking the catalogue of requirements according to Fig- 

ure 9, a check has to be made in each case to be analysed 

as to 

The Effects of Adjusting the Materia~ 
~which interference factors dominate to such an extent 

that they have to be eliminated from the material or In the case of single car accidents it is essential to 
--which criteria require only the relative frequency of adjust at least the "alcohol" factor, which has a different 

occurrence to be given, significance in relation to driver groups or sex or the 

This procedure was applied to the random sample of distribution of accident characteristics. 

578 single car accidents. Usually it is assumed that in the Figure 10 indicates the AEC distribution of the acci~ 

dents involving alcohol. While alcohol played a part in case of single car accidents the best correlation is to be 
about one-third of the accidents on straight roads, this found between driver/car interaction and the accident 

type (especially since there is no influence of another figure is well over 40% for single car accidents in bends, 

party) and that this accident group is therefore particu- As the AEC 4/5 with 53.8% of cases of alcohol show, 

larly suitable for analysing "active safety". This idea has it is especially difficult for inebriated drivers to estimate 

to be largely revised, the appropriate speed and to react with controlled steering 

Single-car accidents are influenced so much by special input. Accident material which has not been adjusted at 

factors such as, for example, least according to this parameter is bound to lead to 

distorted conclusions when assessing the driver-vehicle 
---driver group distribution typical of beginners control loop. The proportion of adolescent drivers 
---car fleet with a high proportion of older vehicles volved in single car accidents under the influence of al- 
--an extremely high proportion of night and alcohol cohol is extremely high (Fig. 11): Out of the 212 single- 

accidents car accidents with the influence of alcohol, young drivers 

that the results must by no means be generalised in an of up to 25 were involved in as many as 124 cases (58.5%). 

unadjusted state to produce conclusions as to the require’ About 40% of the young people in single-car accidents 

were found to be driving under the influence of alcohok ments of "active safety" with regard to vehicles in all 

traffic conditions or regarding the normal behaviour pat- A study of the cases involving alcohol confirmed that 

tern of driver/vehicle interaction, 
this completely covered up the typical driving character~ 

istics resulting from age and experience. 
Out of the random sample of 578 single-car accidents 

In conclusion, Figures 12 and 13 show the character- 
--212 occurred under the influence of alcohol 36.7% istics of driver groups and vehicle concepts based on 
--through black out, overfatigue 0.9% adjusted accident material when the influence of alcohol 
--4 through some other serious distraction of 0.7% is eliminated: 
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c0~ e 0t road dunng AEC s~ngle-car acadeni d ri ver 
d~sturbmnce to~,~; ~t~, ,~i~o~o~ I 

_ ~ntuence I age of these under in- alcohol 

OnS~ ~ end ~0 ~0 ~/~    ~o. ~/~ ~ fiuence of alcohol exposure 

’ I 
groups number ~ number ~ 

straight road only         1 212 367 59 278~ 

18-20    168     66 31.1    39.3 
bend ontf 2 276 ~8,1 115 

bend ~ straight road 3 L5 78 17 3z8 21 -25 15 7 58 
,,,,27’3 

36.9 

¢,ra~ghtroad~bend 
&i5 % ~5 1~ 53~ 26-30 66 26 12.3 39.4 

bend~ sl~aighl fo~d ~ bend 
5/7 17 2.9 7~&12 

31-~0 92 ~ 20.8 ~7.8 

s -bend 

578 ~00.0 2~2 ~-d7 
~! 50 36 12 5.7 33.3 

51 -60 30 6 2.8 20.0 

s gn~flconce of o~coho~-~nfl~nced s~ng[e-cor occtdents over 60 11 - - - 
occord~ng ~o 

-on siro~ght roGds 

-~n bends &~2% total 560 212 100.0 - 

Figure 10, The necessi~ of adjustment of the material illus- Figure 11. The frequency of occurrence of the adjustment 

trated by the example of the intederence factor criterion "alcohol" in single-car accidents in the 

"alcohol influence", drivers’ age groups. 

\,,,,~C 

1 2 3 /./5 . 6/7 

~ge groups,, No. 1% No. % No. % No. % No. % No. I% 

!8- 20 3l 29.5 61 1-_~58.1 8 76 /‘ 3.8 1 1.0 105 100.0 

21 - 25 ~3 z,~,.3 ~,3 ~i!3 7 7.2 2 2.1 2 2.1 97 100.0 

25-30 18 ~6.1 15 38.5 3 7.7 1 2.6 2 5.1 39 100.0 

31 - 40 25 52.1 15 31.2 6 12.5 1 2.1 1 2.1 /‘8 10110 

1 
/.1-50 16 61.6 7 26.9 2 7.7 - - 1 3.6 26 100.0 

51-60 1/~ 63.6 :7 31.8 - 1 Z,.6 - - 22 100.0 

over 60 5 &5./, Z, 36./, - - 1 9.1 1 9.1 11 100.0 

total 152 iZ3.7 152 Z,3.7 26 7.5 10 2.9 8 2.2 3/,8 100.0 

~, = onset of disturbance x = final position of car/accident spot 

Figure 12. The accident characteristics of the drivers according to age groups by using adjusted material with elimination of 
alcohol influence. 
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car concept no] adjusted material [%] * adjusted accident material [%] 
front block conventionel rear block total front block conventior~l rear block total 

AEC ~i~ ~ ~ ~ ~ 

1 32.7 42. 3 24.7 36.7 44.3 46.5 21.4 41.9 

2 52.1 44. 8 54..1 48.4. 4.8.1 38.9 58.9 /.4.7 

3 6.4. 7.7 11.8 8.0 2.9 9.1 12.5 7,8 

4/5 6.4 2.6 70 4..4. 2.9 30 5.4 3.4 

6/7, 2.4. 2.6 2.4, 2.5 1.8 2.5 1.8 2.2 

"random sample 578 cases according to figure 6                                                     * adjusted random sample 366 cases 

Figure 13. The distribution of the "onset/end characteristic" (AEC) in the car concepts changed by the adjustment criterion 
"alcohol". 

The defects in behaviour of "beginners" caused by a to age or driving experience, the number of cases increases 
lack of experience emerge even more clearly (Fig. 12). considerably. According to Figure 8 it is advisable to 
These considerable changes in the AEC distribution by form three categories of drivers (those in possession of a 
eliminating the alcohol influence from the material only licence for 1-3 years, up to 7 years and over 7 years). 
have, because of the varying proportion of the driver Under these circumstances it is necessary to compile ac- 
population, a strong direct influence on the accident char- cident material from about 5,000 cases, and this will also 
acteristics (Fig. 13) of any car-related sample, enable the basic influences of vehicle categories to be 

It is obvious that with an analysis of a specific type or assessed. 
series of cars with the lower number of cases simply As far as influences of the driver-vehicle control loop 
because of the adjustment criteria a substantial change of or even of accident frequencies typical of drivers or ve- 
the parameter distributions is to be expected. This effect hicles are discussed, it is no longer sufficient to give iso- 
will have to be quantified using expanded accident ma- lated parameter frequencies, as this automatically results 
terial in the future, in suppressing the interaction of these parameters (12, 

The estimate of the requisite numbers of cases is influ- 19). 
enced by the structure of the accident sample and the For this aim of a study a systematic sequence of pa- 
aim of the study, rameters is required to categorise accident situations with 

Assuming a homogeneous accident group and using the equivalent external conditions. 
uniform definitions in the material compiled, basic values A proposal for a comprehensive system, describing the 
begin to appear in constant distribution from 600 cases "critical situation" (Fig. 14), has been worked out in (12). 
and up---there being no possibility of a further breakdown This procedure enables the whole course of the disturb- 
into other parameters because of the limited number of ance to the "driver-vehicle control loop" to be presented 
cases, uniformly using objective criteria, and a defined basis for 

For one- or two-parameter combinations of the single- analysis results from the prescribed parameter combina- 
car accident characteristics, relatively constant distribu- tions. 
tions can be achieved from 1,500 accidents or more ac- The system is based on two combinations of criteria 
cording to the studies carried out (even if 40% of the which describe the "driving situation at the onset of the 
cases have to be eliminated due to adjustment). If the disturbance" and the "course of the disturbance". This 
influence of the driver is neutralised, whether with respect system proved to be very suitable for allowing an assess- 
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Procedure of Ane __ysis- ----I 

accident "drivinq. "s__e~ence driver/vehicle 

material situation" of dist~ance" criteria 

i~ ~road9 prescr~ driving man~_] 
~ AEC 1 2 3 45 

> 

"~ driving speed 

deflection from intended driving line 

~ ]    to]n- 
-~ to ahead skid m side side left right 

att~t at ~rrection 

m no no or ~tia~ bLmking ~rgen~ 

~ br~ing brak~g rele~e br~ing 

: ~ L L 

~ >?0 m o -~0 m ~0 ~ ?0 m 

Figure ~4, P~oposal fo~ a oomp~ehensive system ~o~ describing ~he "~ri~i~ sffua~io~" using ob]eo~ive 
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ment of the frequency of "dynamic driving processes" in distribution when the accident material is compiled. Tak- 
defined typical accident situations; specific results are ing a case study of 578 accidents the possibilities and 
discussed in depth in (12). But in order to obtain reliable limits of "material adjustment" were discussed. 
standard distributions of driver or vehicle influences basic For the analysis of the effects of the driver-vehicle 
material covering some 10,000 single car accidents is re- control loop adjusting the accident material--shown in 
quired. This corresponds to the limit of what seems fea- the case of single-car accidentsmis of far greater impor- 
sible. For then, on account of the time required for the tance than had been assumed up to now. 
evaluation of the accident material, there is a risk that Because of the special internal structure of the single- 
the results would no longer reflect the technological de- car accidents particular caution is called for when trans- 

.... ve~~pments after the study had been completed, ferring the results to overall conclusions of active safety, 
For this reason it will not be possible to pass a final and the knowledge thus obtained must be supplemented 

judgment on the possibilities and limits of assessing "ac- by independent studies of other accident groups, for ex- 
rive safety" until an "experimental phase" lasting several ample, car-to-car accidents or car-pedestrian accidents. 
years has been concluded. But in this case the influence of the other party involved 

But it is already clear that in the accident arises, and this effect still has to be ex- 
amined and may lead to new problems. 

--the efforts made so far to record accidents have to 
be intensified to prove the results obtained up to now 

An expanded classification of the scene of the accident, 
describing the whole course of the road from the onset 

--uniform definitions and methods of evaluation have 
to be achieved and 

to the end of the disturbance to the driver-vehicle control 

--the comparison of independent studies has to be en, 
loop, produced considerable advantages in assessing dy- 

........... couraged, 
namic driving processes compared with the global clas- 

.... sification used up to now. This applies in particular when 
Far more attention than hitherto will have to be paid the comprehensive system "crisis situation" (Fig. 14) with 

to the necessity of adjusting the accident material. This prescribed parameter combination of the course of the 
paper has thus inevitably given rise to more questions accident is used. This seems to be an important precon- 
than answers; but this critical approach is necessary to dition for the discussion of influences typical of drivers 
utilise the possibilities and advantages which undoubtedly or vehicles. 

............. exist from deriving results on "active safety" from real- Work up to now can be described as a search for 
life accidents, suitable recording criteria, methods and ways of pres- 

entation, which reflect the complexity of the problem. To 
some extent the current situation resembles the state of 

CONCLUSIONS AND PROSPECTS injury research at the beginning of the ’sixties. 
The aim of this paper is to help take stock of the 

The further development of car safety and the possi’ possibilities and limitations of investigations into "active 
bility of applying new technologies make it desirable to safety" and to realistically assess the results that can be 
take stock of the present situation of accident occurrence achieved. Whether in future with expanded and adjusted 
and of the influence of technical measures on accident accident material reliable results on car-specific charac- 
prevention. The increasing number of accident studies in teristics can be obtained is highly questionable--especially 
recent years from the point of view of "active safety" since an overall criterion of driving behaviour or a sep- 
have already produced some experience on parameter aration of individual vehicle pararneters does not seem to 
distributions in the accident material and on trends in be possible. 
the driver-vehicle control loop, The principal task of current studies of active safety 

Large numbers of accidents are necessary, however, if is, however, to work out quantitative data on the fre. 
reliable findings on the driver-vehicle control loop are to quency, circumstances and course of accidents through 
become available beyond global criteria. Presupposing ho- reliable studies and thus to provide a chance of assessing 
mogeneous accident material and a uniform method of more exactly the effect of feasible and necessary safety 
evaluation, it is true that standard distributions of the measures on the basis of real accident occurrence. 
basic parameters do begin to emerge after about 600 cases. In spite of all the problems and restrictions that exist 
But for analyses typical of drivers or vehicles at least it is necessary to continue in a critical way the work that 
3,000 to 10,000 accidents are necessary, depending on the has been begun. The basic knowledge has greatly im- 
aim of the study, proved as a result of accident analyses in recent years, 

These problems are aggravated by the evidence fur- and the limits and problems have been recognised. ~Zhis 
nished here of a necessary "adjustment of the accident offers the chance to solve these problems or to confine 
material". This "adjustment" should not only be re, the analyses to those areas in which the problems can be 
stricter to eliminating or neutralising the interference fac. reliably solved. By making a critical use of the currently 
tors, but must already result in a homogeneous known instruments of the accident studies of active safety 
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Restraint Use and Effectiveness as Estimated from U.S. Accident 
Files and Observational Surveys 

JOHN VAN DYKE tiveness for the period 1963 to 1977 are referenced and 

GLENN A. SPRINGER corresponding estimates are given. Accident data files and 

National Highway Traffic Safety observational surveys from which more recent (post-Jan- 
uary 1, 1977) estimates can be obtained are then described. 
Restraint usage rates obtained from these sources are 
presented. Factors which influence usage such as occu- 
pant role and vehicle size are addressed and comparisons 
between sources are made to determine consistency. Over- 

The paper begins with an abbreviated history of pas- all estimates of usage are given. Restraint effectiveness is 

senger car restraint regulation and use in the United defined and estimates of injury and fatality reduction are 

States. Selected studies which estimated usage and effec, given as calculated from these accident data sources. 
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Overall estimates are given for injury and fatality reducing give a qualitative picture of usage trends. In general, as 
effectiveness. Finally, the benefits of wearing belts are seat belts became standard equipment for a larger per- 
quantified in terms of lives saved and injuries prevented, centage of the passenger cars each successive year, the 

......... percentage of occupants using these belts became smaller. 
i 

INTRODUCTION If one focuses on restraint use in accident reports or as 

observed on the roads and includes all model years, one 
observes that usage rates of greater than 30 percent in In 1966 the Congress of the United States enacted the 
1968 were down to below 20 percent in 1977. This decline National Traffic and Motor Vehicle Safety Act. This Act 
was interrupted in 1972-75 when first the buzzer/light gave the Secretary of Transportation the authority to issue 
warning system (January 1, 1972) and then the ignition Federal Motor Vehicle Safety Standards (FMVSS) di- 
interlock (1974 models) was required. The interlock re- rected at reducing motor vehicle accidents and the deaths 
quirement lasted for about a year, until the Congress and injuries resulting from them. The National Highway 
overruled the NHTSA and abolished the requirement. Traffic Safety Administration (NHTSA) was given the 

responsibility to develop, implement and evaluate safety Usage rates in this period, 1972-75, rose again above 30 

standards, percent only to drop below 20 percent in several years. 
............ The effectiveness of lap and lap/shoulder belts in real .......... One of the first standards was FMVSS 208-Occupant 

world accidents has been of interest since belts were first Crash Protection. This standard became effective January 
installed. Estimates of this effectiveness have varied 1, 1968. It required lap and shoulder seat belt assemblies 
widely, as is well documented in Griffin’s 1973 review of at the front outboard seating positions and lap belt as, 
the literature on the benefits of certain safety devices (3), semblies at all other designated seating positions in all 

passenger cars, except convertibles, manufactured on or He reports fatality and injury reductions due to belts 
............. ranging from 35 to 65 percent. Reinfurt et al. (4) in a ............ after January 1, 1968. 

later study of 1973-1975 model cars involved in towaway Occupant use of seat belts in significant numbers began 
crashes report reductions in serious injuries of 53% (lap about a decade before Standard 208 became effective. At 
belts) and 62% (lap/shoulder belts). In an attempt to first the entire lap belt assembly was optional equipment, 
explain the wide variation in published estimates of belt Then in the early 1960s manufacturers began installing 
effectiveness, Campbell and Reinfurt (5) cite several fac- the lap belt anchors, thus making it possible for car owners 
tors that contribute to this variation: differences in injury to complete the installation by simply adding the belts. 
scale values, inaccuracies in reporting occupants’ belt sta- Prior to 1964 several states passed laws requiring lap belt 
tus and variation in sampling criteria. Attempts in recent installations. By 1964 lap belt assemblies were standard 
years to standardize injury coding and the application of equipment in the front outboard positions of passenger 
sampling principles to obtain regional or national esti- cars. Gradually lap belts were provided for the rear seat 
mates should produce more consistent values. outboard positions also. By 1968 almost all cars of model 

......... Regardless of the precise effectiveness of seat belts, the year 1964 and newer had lap belts in outboard seating 
NHTSA realizes that voluntary belt use is the quickest positions, front and rear. 
way to achieve major injury and fatality reduction. This In the early 1960s many cars with seat belts were so 
is true regardless of the final decision on the automatic equipped by choice of the owner. Seat belt use rates for 
restraint provision of Standard 208. The agency has there, those belt-equipped ears were thus relatively high. In a 
fore embarked on a program to increase understanding review of the literature on use of restraint systems, Grimm 
of the benefits of safety belts and to increase the use of (1) shows that restraint use rates from most studies con, 
them. ducted during 1963-67 were above 30 percent. These es, 

The purpose of this paper is to give estimates of re, timates were for belt-equipped cars only and were based 
straint use and effectiveness that are based on relatively exclusively on interviews and questionnaires used to sur- 
recent observation and accident data. Most of the data vey belt usage in particular states or roadways. One study 

conducted nationwide in 1967, with an interview sample reported and utilized have been collected since January 

size of 701,882, reported a 55 percent use rate on long 1, 1977. These estimates provide a consistent picture of 

trips and a 38 percent rate for in-town driving (2)’ current belt use and effectiveness. 

In the ten years following the effective date of Standard 
208 (1968-1977), many surveys for determining restraint DATA SOURCES 
use rates were conducted. Most of these surveys were 
confined to specific states or cities and many were directed Both accident and observational data were used for this 
at cars of particular model years, makes or sizes, or to report. National data come from the National Accident 
certain categories of occupants (1). These surveys do not Sampling System (NASS), the National Crash Severity 
provide results that can be considered representative of Study (NCSS) and the Fatal Accident Reporting System 
the Nation. They do, however, when taken all together, (FARS). State data came from North Carolina, New York 
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and Maryland. The observational data came from a na- a study of automatic belts in accident-involved Volkswa- 

tionwide survey which was conducted in numerous urban gen Rabbits (9). For accident year 1980 New York re- 

locations, ported restraint use and injury information for 1807 front- 
seat occupants of Rabbits. In 1981 New York reported 
this information for 203t front-seat occupants. For ac- 

Accident Data Files cident year 1980 Maryland provided restraint use and 

Although three of the accident data files contain ha- injury data for 617 front-seat occupants of accident-in- 

tionwide data, only one was designed to be truly nationally volved Rabbits. 

representative. The NASS is NHTSA’s nationally rep- 
resentative accident data base. It consists of a network of Observational Data Files 
fifty teams located at randomly selected sites which collect 
nationally representative accident data by investigating The observational data used in this report came from 

all types of police-reported trat~c accidents. Accidents a survey which was conducted in nineteen cities across 

are placed into strata according to accident severity and the United States (10). The survey collected information 

the types of vehicles involved, and are then selected for on restraint use of passenger car occupants. The obser- 

investigation according to the stratum in which they fall. rations made were on approximately 63,000 drivers and 

Using data from 1979 and 1980 an average (of the two 87,000 passengers during a two-year period ending Oc- 

years) for the total number of passenger car occupants tober of 1982, 

involved in police-reported accidents in a year is calcu- 
lated. That national estimate is roughly 14,000,000. The RESTRAINT USAGE 
unweighted number of passenger car occupants in the 
sample averaged approximately 5500 for 1979 and 1980 Estimating Restraint Usage From Accident 
(6). Data 

Another nationwide accident data file which was used 
in this study is the National Crash Severity Study (NCSS). The accident data files mentioned earlier are a source 

It was a study specifically designed to link vehicle damage of estimates for restraint use. Of all passenger car occu- 

to occupant injury by investigating towaway accidents in pants NASS estimates that approximately 11.0% were 

which a passenger car (case vehicle) was towed. The restrained (see Table 1). It is important to note that the 

NCSS consists of seven areas purposively selected to have denominator for this rate was restricted to those occu- 

almost the same distribution of central city, suburban, pants who were known to be either restrained or not 

small town, and rural population as the nation, and the restrained. Approximately 10% of the occupants, those 

areas are distributed throughout the nation. These were with unknown restraint use, have been excluded. The 

also !ocations in which accident-investigating teams had numerator includes all forms of restraint. This method 

already been established. Within each of the seven areas was used to compute usage rates throughout the study. 

comprising the NCSS, accidents were sampled at a rate Comparing restraint usage for drivers and passengers 

according to the stratum in which they fell. These strata shows that drivers are more often restrained than pas- 

were defined on the basis of accident severity. The number sengers. NASS estimates driver usage to be 13.7% while 

of unweighted case vehicle occupants involved in the passenger usage is only 6.9%. 

study totaled about 25,000. Weighted, this figure increases The NCSS file yields another estimate of restraint use 

to approximately !06,000 (7). among passenger car occupants. Overall, NCSS estimates 

The third accident data file queried for its information restraint use to be 7.4% (see Table 2). NCSS is consistent 

on restraint use was the Fatal Accident Reporting System with NASS in that driver usage is greater than passenger 

(FARS). Now in its eighth year of operation, FARS pro, usage. Drivers were restrained at a rate of 9.3% while 

vides a complete census of fatal accidents in all States, passengers were restrained at a rate of 4.1%. 

the District of Columbia and Puerto Rico. In 1980, The FARS file also collects information on restraint 

roughly 67,000 passenger car occupants were involved in use. The data give a relatively low estimate of restraint 

fatal accidents (8). use, namely 3.5% (see Table 3). Again, comparing driver 

The three individual state accident files used were usage to passenger usage the same pattern of greater usage 

North Carolina, New York and Maryland. Each of these among drivers is observed. FARS estimates driver usage 

States has provided police-reported restraint use and in- to be about 4.1% while passenger usage stands at only 

jury information for occupants of passenger cars involved 2.7%. These occupants were involved in fatal accidents. 

in police-reported accidents. For the accident years 1979- Restraint rates from NASS to NCSS to FARs show a 

!981 North Carolina reported restraint use and injury general decline in usage. One hypothesis which has been 

int’ormation for 864,901 occupants of passenger cars in- generally accepted and which existing data support is that 

volved in police-reported accidents. Additional data from usage decreases with an increase in accident severity, In 

North Carolina, Maryland and New York were used in NASS the only necessary outcome is that the accident be 
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Table 1. NASS (79 and 80 average) restraint use for all passenger car occupants. 

Driver Passengers Total occupants 
Restraint type        N Percent Percent N Percent Percent N Percent Percent 
None 6,486,467 86.34 4,563,391 93.11 11,049,858 89.01 
Lap and shoulder 

Belt 740,645 9.86 191,658 3.91 932,303 7.51 
Lap belt only          282,253 3.76 117,127 2.39 399,380 3.22 
Child seat 0i 0 28,774 0.59 28,774 0.23 
Used unknown 

type 3,407 0.05 0 .00 3,407 0.03 
Total known 

Use--non-use 7,512,772 100.00 85.78 4,900,950 100.00 95.09 12,413,722 100.00 89.23 
Unknown if 

restrained 1,245,139 I 14.22 253,239 4.91 1,498,378 10.77 
Total 8,757,911 I 100.00 5,154,189 100.00 13,912,100 100.00 

Driver Passenger Total Occupants 

Restrained N Percent Percent N Percent Percent N Percent Percent 
Yes 1,026,305i 13.66 337,559 6.89 1,363,864 10.99 
No 6,486,467 86.34 4,563,391 93.11 11,049,858 89.01 
Total known 
Yes--No 7,512,772 100.00 85.78 4,900,950 100.00 95.09 12,413,722 100.00 89.23 
Unknown if 

restrained 1,245,139 14.22 253,239 4.91 1,498,378 10.77 
Total 8,757,911 100.00 5,154,189 100.00 13,912,100 100.O0 

Table 2. NCSS restraint use for all passenger car occupants. 

Driver Passengers "~ al Occupants 

Restraint type         N Percent Percent N Percent Percent N Percent Percent 
None 53,30t 90.68 33,491 95.92 86,792 92.63 
Lap and shoulder 

Belt 2,981 ~ 5.07 603 1.73 3,584 3~83 
Lap belt only 2,414 4.11 636 1.82 3,050 3.26 
Shoulder belt 

only                  86 0.15 40 0.!! 128 0~13 
Child seat 0 .00 144 0.41 144 0.15 
Total known 

Use--non-use 58,782 100.0 86.79 34,914 100.0 89.44 93,696 100.0 87.76 
Unknown if 

restrained 8,944 13.21 4,123 10.56 13,067 12.24 
Total 67,726 100.0 39,037 100.0 t 06,763 - 100.0 

Driver Passenger Total Occupants 

Restrained N Percent Percent N Percent Percent N Percent Percent 
Yes 5,481 9.32 1,423 4.08 6,904 7.37 
No 53,301 90.68 33,491 95.92 86,792 92.63 
Total Known 
Yes---No 58,782 100.00 86.79 34,914 100.00 89.44 93,696 100.00 87.76 
Unknown if 

restrained 8.944 13.21 4,123 10.56 13,067 , 12.24 
Total 67,726 100.00 39,037 . 100.00 106,763 l~qo oo 
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Table 3. FARS 1980 restraint use for all passenger car An additional source of restraint use data is the North 

occupants. Carolina state accident file for the years 1979-81. Data 
._ collected on police-reported accidents in that State show 

Restraint . Total occupants restraint use of all passenger car occupants to be 7.4% 
type N Percent Percent (see Table 5). 

None 50,002 96.51 In addition to restraint and injury information NASS 

Lap and collects information on vehicle size. Higher restraint usage 

~houlder is observed among occupants of smaller vehicles. Occu- 
~elt 782 1.51 pants of full size vehicles were restrained at a rate of 

8.6%, mid-size 10.6%, compact 12.6%, and sub-compact 
Lap belt 

)nly 612 1.18 13.5 % (see Table 6). Vehicle size is not available in North 

~ oulder 
Carolina but model year is. Since vehicles of model year 

~elt only 107 0.21 ’68-’74 are generally larger than vehicles of model year 
’75-’82, this is used as a crude surrogate for size. Com, 

C ild seat         55       0.11 bining data for accident years ’79-’81, usage for occupants 

sd un- of’68-’74 model year passenger cars averaged 5.1% while 
~nown type 251 0.48 usage among occupants of ’75-’82 model year vehicles 

ta~ averaged 9.5% (Table 5). Thus North Carolina is con, 
Known sistent with NASS. 
~se-- 
non-use 51,809 100.00 77.67 

~known if Restraint Usage as Estimated by 
restrained 14,893 22.33 Observational Data 

- "otal I 66,702 100.00 _ Based on observations of approximately 63,000 drivers 
for 1980 to 1982, the estimate of driver usage is 11o5% 

Driver Passenger Total Occupants 

Restrained N Percent Percent N Percent Percent N Percent Percent 

Yes 1,214 4.10 591 2.67 1,805 3.49 

No 28,406 95.90 21,511 97.33 49,917 96.51 

Total known 
yes---no 29,620 100.00 76.49 22,102 100.00 79.40 51,722 100.00 77.71 

Unknown if 
Restrained          9,103 23.51 5,736 20.60 14,839 22.29 

Total 38,723 100.00 27,838 100.00 66,561 100.00 .. 

police-reported whereas FARS includes only fatal acci- (see Table 7). Based on roughly 87,000 passengers usage 

dents. Since people wearing belts are much less likely to was estimated at 8.4%. Again, passenger usage is less 

be ldlted in an accident, some of the decrease in restraint frequent than driver usage. 

use from NASS to FARS is explained. Data collected in 
NASS and NCSS on the change in velocity at impact Restraint Usage--Automatic Restraints vs, 
(delta-V) also support this theory. In NASS as delta-V Manual Restraints 
goes from the lowest to the highest category restraint use 

decreases from 9.5% to 3.2% (see Table 4). In NCSS as 
The observational data were not only a source ofdriver- 

delta-V goes from the lowest to the highest category re- passenger restraint use but also of restraint use by vehicle 

straint usage decreases from 10.2% to 3.2%. make. Observations of restraint use for drivers of manual- 
restraint-equipped Rabbits and automatic-restraint- 

Table 4. Restraint usage rates in crashes of given severity    equipped Rabbits yield two usage rates. After observing 
as estimated by NASS (79 and 80 average) and 354 automatic Rabbits and 766 manual Rabbits driver 
NCSS "change in velocity" data. usage was estimated to be 87.6% and 29.0% in the two 

systems, respectively. From this one can see the benefit 
- zk V (MPH) 1 NASS NCSS 

of the automatic system as far as usage is concerned. This 
1-10 9.5 t0.2 increased usage for automatic restraints is also evident in 

11-20 7.1 6.4 
21-.-30 5.6 5.0 available State accident data files. For the accident years 

3140 4.8 2.7 1975 through 1981 North Carolina recorded a 15.6% 

41-99 3.2 3.2 usage rate for front seat occupants of manual Rabbits 
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Table 5. North Carolina (79-81) restraint use for all passenger car occu )ants. 

Model year 68-74 Model year 75--82 - 
Restrained N Percent Percent N Percent Percent -- 

Yes 21,517 5.09 42,082 9.52 
No 401,525 94.91 399,777 90.48 

Total known 423,042 100.00 98.57 441,859 100.00 98.41 yes---no 
Unknown if 6,141 1.43 7,161 1.59 restrained 
Total 429,183 100.00 449,020 lOO nn 

Table 6. NASS (79 and 80 average) restraint use for all passenger car occupants of given car sizes. 

l--Sub’cOml~act / Compact I Mid-size Full size 
Restrained N 

Percent I Percenti N    I Percent Percent N Percent Percent N Percent Percent 
Yes 318,869 13.52/ 321,365 t2.62 305,976 10.61 297,809 8.63 No 2,039,374 86.48 2,225,443 87.38 2,577,760 89.39 3,154,427 9t.37 I 

Totalyes_noknOwn 
2,358,243 100.00 93.04 2,546,808 100.00 i 92.64 2,883,736 100.00 91.94 3,452,236 100.00 I 87.78 

Unknown if 176,445 6.96 202,417 7.36 252,960 8.06 480,681 12.22 restrained 

Total I2,534,688 100.00 2,749,225 100.00 t 100.00 , __ ,/ ~rm~n 

Table 7. Observed restraint use (in 19 cities). 

Driver Passengers Total 
Restrained N Percent N Percent N Percent 

Yes 7,241 11.5 7,336 8.4 14,577 9.7 
No 55,723 88.5 79,994 91.6 I 135,717 90.3 

Total 62,964 100 87,330 100 I      150.294 100 

and a significantly greater usage of 45.7% for the front Rabbits shows usage rates which go from just over 20% 
seat occupants of automatic Rabbits (see Table 8). In for manual systems to around 50% for automatic systems. 
Maryland, for accident year 1980, front seat occupants Overall, the sources of restraint use, consisting of accident 
restrained in manual systems represented only 27.9% of data and observational data, point to a general restraint 
the total while front seat occupants restrained in auto- rate of about 11% for occupants of passenger cars. 
matic systems represented 60.6% of the total front seat 

occupants in automatic-restraint-equipped Rabbits. Ac- 
RESTRAINT EFFECTIVENESS cident data from New York for 1980 and 1981 again 

show higher usage in automatic systems compared to Definition 
manual systems. In 1980 usage for the automatic system 
was 54.7% and 23.7% for the manual system. In 1981 Restraint effectiveness is defined as the relative decrease 
the corresponding rates were 50.1% and 22.8% (see in injuries (or fatalities) as one compares restrained with 
Table 9). unrestrained vehicle occupants. In equation form, effec- 

tiveness (E) is given by 

Summary--Usage E = Unrestrained Injury Rate -- Restrained Injury Rate 

Restraint usage varies with a number of factors. Based Unrestrained Injury Rate 

on NASS almost 14% of drivers are restrained while only Strictly speaking, this formulation is only valid if the 
about 7% of passengers wear their belts. According to restrained and unrestrained groups are alike with respect 
delta-V data usage decreased from 10% to 3% as delta- to accident types and severities, vehicles involved, and 
V increased from its least severe category to the most driver and passenger characteristics. If this similarity fails 
severe category. Vehicle size also seems to influence belt to exist one must then control for the differences before 
usage since only 9% of large car occupants were re- applying the formula above. This ideal of identical groups 
strained but nearly 14% of sub-compact occupants were or the ability to control for differences is rarely, if ever, 
restrained based on NASS. Automatic restraints increased achieved. The available accident data simply do not con- 
belt usage by nearly 30%. State data on occupants of VW tain all the required information. Further, the restrained 
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Table 8. Restraint use in Volkswagen Rabbits. Manual vs. automatic restraint systems. 

North Carolina 

1975-1979 Front-seat occupants 

Manual Automatic Total 

Restrained N Percent N Percent N Percent 

Yes 186 16.3 145 42.6 331 22.4 

No 952 83.7 _ 195 57.4 1,147 77.6 

Total 1,138 100 340 100 _ 1,478 10~0 

1980 Frontoseat occupants 

Manual Automatic Total 

Restrained N Percent N Percent N Percent 

Yes 110 15.6 192 51.6 302 28.1 

No 594 84.4 180 48.4 774 71.9 

Tota~ 704 100 372 100 1,07. 6 ! 00 

1981 Front-seat occupants 

Manual Automatic Total 

Restrained N Percent N Percent N Percent 

Yes 113 14.5 164 42.8        277 23.8 

No 667 85.5 219 57.2 886 76.2 

Tota, 780 100 - 383 

Table 9. Restraint use in Volkswagen Rabbits. Manual vs. automatic restraint systems. 

Maryland 

1980 Front-seat occupants 

Restrained N Percent N Percent N Percent 

Yes 117 27.9 120 60.6 237 38.4 

No 302 72.1 78 39.4 380 61.6 

Total 419 100 198 100 617 100 

New York 

1980 Front-seat occupants 

t Manual        I Automatic Total 

Restrained~ [    N --T---P_ercent | N Percent N 
~ 

Percent 

No / 986 I 76.3 _~ 233 45.3 1,219 67.5 

Total L_ ,293 514 100 1,80  100 

98t Front-seat occupants 

Restrained N Percent N Percent N Percent __ 

Yes 316 22.8 324 50.1 640 31.5 

Total 1,384 L 1 oo 647 100 .~ 100 
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Table 10. NASS 1979-80 yearly average number of occupants by restraint use and MAIS. 

MAIS = ~ 
Restrained MAIS = 0-2 MAIS = 3--6 Total injury rate 

.......... Yes 229019 3920 232939 .01883 
No 2548847 110564 2659411 .04157 

E = 60% 

Table 11. NASS 1979-80 yearly average number of occupants by restraint use and MAIS (known and estimated). 

MAIS = 3-6 | Restrained MAIS                                                                                 = 0-2 MAIS = 3-6 Total injury rate 
Yes 242012 7192 249204 .02972 
No 2735198 235579 2970777 .07930 

E = 63% 

are usually small in number and it is not possible to 63 percent, which agrees well with the estimate of 60 
generate adequate distributions of the variables of interest percent above. 
for comparison with the larger unrestrained group of The NCSS provides estimates of restraint effectiveness 
occupants. As data bases grow, as we expect NASS to that can be considered the counterparts to those obtained 
do, the opportunity of controlling for significant factors above from NASS. Again, only occupants of vehicles 
will increase, and more precise estimates of effectiveness towed as a result of the accident are considered. The 
will become available. No attempt has been made in this NCSS equivalent to the NA$S MAIS is the Overall AIS. 
paper to detect or control for restrained and unrestrained The Overall AIS = 3--6 injury rates produce an injury 
group differences. It is important, of course, that the reduction effectiveness estimate of 50 percent (see Table 
criteria for selection of an accident for inclusion in an 12). 

.............. accident data file be independent of occupant use or non- The NCS$ counterpart to the NASS injury classifica- 
use of restraints. It is believed that this independency tion which includes known and estimated MAIS is called 
holds for the data flies used in this study, the NEWOAIS. Table 13 shows that these data provide 

Restraint Effectiveness in Injury Reduction 
an effectiveness estimate of 53 percent. 

The two NCSS estimates of restraint effectiveness in 
In addition to providing restraint use information, the injury reduction, as the two NASS estimates, are about 

NASS provides detailed injury information on most oc- the same magnitude. 
cupants. Injury severity is measured on the Abbreviated A final data source for estimating the injury reducing 
Injury Scale (AIS), which measures severity on a scale effectiveness of restraints is the police-reported accident 
from 0 (no injury) to 6 (maximum injury, virtually un, file for the State of North Carolina. The three accident 
survivable). Although the NASS includes occupants of years 1979-8t were selected for this analysis. Only paz. 
vehicles not towed as a result of the accident, this analysis senger cars of model year 1968-82 are included. The 
includes only occupants of vehicles that had to be towed plete file contains accident information on both towed 
from the scene. A first estimate of effectiveness uses only and non-towed vehicles. Occupants of the non-towed 
occupants for whom there is AIS injury data. Each oc- hicles have not been excluded as in the NASS estimation 
cupant is assigned a maximum AIS (MAIS) derived from of effectiveness. In this police-re~rted accident file, injury 
the occupant’s AIS data. It was decided to measure el- severity is measured by what is commonly called the 
fectiveness on the basis of a reduction in MAIS = 3 to KABCO scale: K--Killed, A--Incapacitating (Injury oh. 
MAIS = 6 injuries. The injury rates for MAIS = 3 -- 6 viously serious enough to prevent carrying on normal 
provide an effectiveness estimate of 60 percent (see Table activities for at least 24 hours), B--Nonincapacitating 
10). Thus restrained occupants had 60 percent fewer se- (Other than K or A evident at the scene), C--No visible 
rious to fatal injuries than their unrestrained counterparts, sign of injury but complaint of pain or momentary un- 

A second estimate of effectiveness uses occupants with consciousness, O--No Injury. 
known MAIS and those for whom one can be estimated. Since it is not possible to convert the KABCO to the 
The estimated MAIS is obtained from other than AIS AIS scale, the K and A categories are selected as the 
injury data. Table 11 shows restraint use and MAIS for injury criteria for estimating effectiveness. Table 14 shows 
occupants with known and estimated MAIS combined, occupant distributions by injury category and restraint 
Here the injury rates produce an effectiveness estimate of use. The effectiveness estimate of 56 percent falls roughly 
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Table 12. NCSS file passenger car occupants by restraint use and overall AIS. 

i 
Overall AIS Overall AIS Overall AIS 

Restrained 0-2 3-6 Total 3-6 injury rate 

Yes 4478 99 4577 .02163 

No 57828 2620 60448 .04334 

E = 50% 

Table 13. NCSS occupants by restraint use and NEWOAIS. 

NEWOAIS           NEWOAIS                              NEWOAIS 3-6 
Restrained 0-2 3-6 Total injury rate 

Yes 5,455 120 5,575 .02152 

No 61,810 2,951 64,761 .04557 

E = 53% 

midway between the estimate obtained from the NASS (lap and shoulder belts). These values are somewhat less 

and NCSS data. than their unadjusted values of 53 and 62 percent, re- 

In summa, it is estimated that restraints reduce se- spectively. The NASS and NCSS estimates agree well 

rious injuries (AIS 3-6) by 50 to 60 percent. The NASS with these estimates from one of the first major studies 

arid NCSS estimates differ by 10 percent (60 and 63 vs. of restraint effectiveness. 

50 and 53) and the North Carolina State estimate falls 
midway between the NASS and NCSS values. Although Restraint Effectiveness In Fatality Reduction 
the !0 percent difference between NASS and NCSS es- 

timates might well be attributed to sample variation, there The three data files used for estimating restraint effec- 

are differences between the two samples that could be tiveness in injury reduction are also used in this analysis. 

factors. The most obvious is the difference in sampling Again, only occupants of passenger cars that are towed 

periods: NCSS--January 1977 to March 1979, NASS-- as the result of an accident are included in the analysis 

January 1979 to December 1980. On average, the model of the NASS and NCSS files. 

years differ by about two years. This means that the NASS Table 15 shows the NASS estimate of effectiveness to 

sample had a larger proportion of lighter, smaller cars be 61 percent, a value that is essentially equivalent to the 

and a larger proportion of the three-point lap and shoulder two injury reduction estimates (60, 63) based on the 

restraints. It is not clear what the overall effect of these NASS. 

differences might have on restraint effectiveness. The fatality reduction experienced by the restrained 

Reinfurt et al. (4)in their study of restraint effectiveness according to the NCSS file is 49 percent (see Table 16). 

in 1973-75 model cars controlled for crash configuration, This value, too, is similar to the injury reduction estimates 

damage severity, vehicle weight and occupant age. Their (50, 53) for NCSS car occupants. 

estimates of restraint effectiveness in reducing serious in- The North Carolina Accident file, contrary to the 

juries (AIS 3-6) were 46 percent (lap belts) and 57 percent NASS and NCSS files, does not give an estimate of fatality 

Table 14. North Carolina passenger car occupants by restraint use and injury category. 

f 
(A ÷ K) 

Restrained Not (A + K) (A + K) Total injury rate 

Yes 62,560 1,039 63,599 .01634 

No 771,776 29,526 801,302 .03685 

E = 56% 

Table 15. NASS 1979-80 yearly average number of occupants by restraint usage and mortality. 

Restrained          Not fatal             Fatal              Total           Fatality rate 

Yes 238,954 957 239,881 .003864 

No 2,655,832 26,752 2,682,584 .009972 

E = 61% 
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Table 16. NCSS file occupants by restraint use and morality. 

Restrained Not fatal Fatal Total Fatality rate ] 
Yes 6, 731 34 6,765 .005026 
No                 81,446                 813                 82,259               .009883 

E = 49% 

Table 17. North Carolina car occupants (1979-81) by restraint use and mortality. 

......... Restrained Not Fatal Fatal Total Fatality rate 
Yes 63541 58 63599 .000912 No 799051 2251 801302 .002810 

E = 68% 

................ reduction that is close to its estimates of injury reduction These data show that front-seat occupants of automatic 
(see Table 17). The effectiveness estimate here of 68 per- restraint-equipped Rabbits experience 17 percent fewer 
cent differs considerably from the 56 percent for effec- fatalities than their counterparts in the manual restraint- 
tiveness in injury reduction, equipped. This benefit is attributed to the higher restraint 

usage rate for automatic restraint Rabbit occupants. If 
........... the effectiveness of restraints when used is between 50 

.......... Effectiveness of Automatic Restraints and 60 percent, the 17 percent is consistent with usage 
Compared to Manual rates for Rabbit front-seat occupants found in several 

State accident files. The North Carolina rates of 16% In the previous section the effectiveness of restraints 
was based on the difference between two injury rates-- (manual), 46% (automatic) and New York rates of 23% 

one rate for unrestrained occupants and one for the re- (manual), 52% (automatic) support the 17 percent as a 

......... strained. In this section the comparison will not be of reasonable estimate of the effectiveness of automatic re- 

unrestrained and restrained occupants, but of occupants straint-equipped Rabbits in reducing fatalities. 

of vehicles equipped with automatic restraint systems and Chi and Reinfurt (9), in their comparison of Rabbits 

those equipped with manual restraint systems. Whether with automatic and manual systems, found a reduction 

in (A+K) injury rates for occupants of automatic-teL or not the occupants are or are not restrained by their 
respective systems will not be considered. The restraint straint Rabbits. Using the accident files of four States, 

systems being compared in this analysis are the automatic they obtained estimates of effectiveness in injury reduction 

and manual systems in Volkswagen Rabbits since model ranging from 17 to 38 percent. 

year 1975. By the end of 1981, approximately 300,000 
automatic restraint-equipped Rabbits and 600,000 man- OVERALL ESTIMATES OF RESTRAINT 
ual-equipped had been sold in the United States. Table USAGE AND EFFECTIVENESS 
18 shows for each Rabbit type the number of front-seat 
fatalities, the exposure in millions of vehicle months, and Restraint usage rates, as noted earlier, vary with the 
the number of fatalities per million vehicle months of data source, more precisely, with the general accident 
exposure (Fatality Rate). The fatality figures are obtained severity level in the data file. If one seeks a single usage 
from the Fatal Accident Reporting System. The exposure estimate for occupants of towed vehicles, the NCSS file 
numbers assume no attrition and are simply the sum, and NASS towaway file may be used. There is no reason 
across all vehicles having the same restraint type, of the to prefer one file over the other. The NCSS contains the 
months between date of sale and January 1, 1982. larger sample of towaway vehicle. The NASS provides 

the more current estimate. The NCSS f’de estimate is 7.4 
Table 18. Fatality data by Volkswagen Rabbit restraint type percent (Table 2) and the NASS file estimate is 8.4 percent 

for accident years 1975-81. (Table 15). The approximate average of the two estimates 
~ provides a good working number, 8 percent, as the overall 

Restraint Fatals Exposure Fatality rate estimate of the restraint usage rate for occupants of towed 
Manual 590 29.29 20.1 vehicles. Alternatively, if one seeks a usage estimate for 
Automatic 206 12.36 16.7 

E = all passenger car occupants, data on towed vehicle oc- 

20.1 - 16.7 = 17% cupants are not pertinent, since these occupants comprise 

20.1 only about 2 percent of all occupants. Two estimates 
remain for consideration--the observed value of 10.2 per- 
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cent and the NASS subset of occupants of non-towed For each one percent increase in restraint usage the 

vehicles for whom the usage rate is !2 percent. Since each additional lives saved would be 

of these is a reasonable estimate of the usage rate for all .01 (.56) 28,266 -= 158. 
occupants, the approximate average of the two, 11 per- 
cent, provides an overall estimate of the restraint usage In general, for an R % usage rate, the lives saved would 

rate for all passenger car occupants, be 

Estimates of restraint effectiveness also vary between .01 R (.56) 28,266 = 158 R. 
accident files. Although the estimates from the NASS and 

the NCSS differ by about 10 percentage points, they d0 Thus, for 100% usage, an estimated 15,800 lives would 

agree in that both show restraints to be as effective in be saved. 

injury reduction as in fatality reduction. The North Car- 
The injury reduction estimates are obtained in the same 

otina file estimates do not have this characteristic. The way. 

difference between the injury and fatality reduction es- 200,000 
timates of 12 points (56-68 percent) is not supported by Injury Reduction 1 -- .08 (.56) 200,000 

other data. For this reason, only the NCSS and NASS 
estimates are used in arriving at an overall estimate of = 209,380 -- 200,000 = 9380. 

effectiveness. The NASS estimates of injury reduction (60 Reduction (1% usage increase) = o01 (.56) 209,380 
and 63 percent) and fatality reduction (61 percent) and = 1173 
the NCSS corresponding values of 50, 53, and 49 percent 
have an approximate average of 56 percent. The overall, Reduction (R % usage) = 1173 R 

working number estimate of the effectiveness of restraints 
¯ 

Reduction (100% usage) = 117,300 

in reducing serious injuries and fatalities is thus 56 per- It should be noted that the results obtained for the 
cent. ! percent increase in restraint usage can only be realized 

if occupants of vehicles that will be towed increase their 

LIFE SAVING AND INJURY REDUCING usage rate by 1 percent. If the entire 1 percent increased 

POTENTIAL OF RESTRAINTS usage occurred in the occupants not involved in towaway 
accidents, there would be no lives saved or injuries re- 

Restraints save lives and reduce injuries. The extent to duced. It is thus clear that any campaign to promote 

which restraints do this depends on the restraint usage restraint usage will succeed only to the extent to which 

rate and the effectiveness of restraints. The overall esti- accident involved occupants increase their belt use. 

mates given in the previous section not only make it 
possible to estimate the benefits of restraints under the 
current usage rate, but also the potential benefit of in- 
creased usage. An estimate of the number of lives saved REFERENCES 
per year for usage rate R and effectiveness E is given by 
the formula: 1. Grimm, Ann C., "Use of Restraint Systems: A Re- 

F view of the Literature," The HSRI Research Review, 
Lives Saved =            F, 

I -- RE University of Michigan Highway Safety Research In- 
stitute, Ann Arbor, MI, Vol. II, Nos. 2 & 3, Septem- 

where F is the actual number of car occupant fatalities ber-October/November-December 1980, pp. 11-28. 
per year. 2. Auto Industries Highway Safety Committee, Wash- 

For an estimate of the reduction in the number of 
serious injuries, the number of seriously injured is sub- 

ington, D.C., "Seat belt installation up, use down, 
nationwide survey reveals," October 1967. 

stituted for F. In each of the past several years, the number 3. Grit~n, Lindsay I. III, "Analysis of the Benefits De- 

of fatalities in the U.S. has been about 27,000 and the rived from Certain Presently Existing Motor Vehicle 
number of seriously injured (AIS 3-6) about 200,000. For ,, 

the current estimates of usage and effectiveness, R = 8% 
Safety Devices: A Review of the Literature, Uni- 
versity of North Carolina Highway Safety Research 

and E = 56%, Center, Chapel Hill, North Carolina, December 1973. 

27,000 4. Reinfurt, D. W., Silva, C. Z., Seila, A. F., "A Sta- 
Lives Saved 1 -- .08 (.56) 27,000 tistical Analysis of Seat Belt Effectiveness in 1973- 

1975 Model Cars Involved in Towaway Crashes," 
= 28,266 - 27,000 = 1266. DOT-HS-802-035, September 1976. 

The 28,266 is an estimate of the number of fatalities 5. Campbell, B. J., Reinfurt, Donald W., "The Degree 

~here would have been had no occupants used their re- of Benefit of Belts In Reducing Injury--An Attempt 

straints, to Explain Study Discrepancies," SAE Technical Pa- 
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per Seres Number 790684, Warrendale, Pennsylva- National Highway Traffic Safety Ach-ainistration, 
nia, June 1979. Washington, D.C., October 1981. 

6. "National Accident Samplhag System (NASS) Ana- 9. Chi, George Y. H., Reinfurt, Donald W., "A Com- 
lytical User’s Manual, 1979 File," National Center parison of the Automatic Shoulder Belt/Knee Bolster 
for Statistics and Analysis, National Highway Traffic Restraint System with the Lap and Shoulder Belt 
Safety Administration, Washington, D.C., October 8, System in VW Rabbits," DOT-HS-805-856, March 
1980. 1981. 

7. Partyka, S., "NCSS--The Analyst’s Companion," 10. Phillips, Benjamin M., Unpublished "Progress Re- 
DOT-HS-805-871, National Highway Traffic Safety port on Contract DTNH22-80-C-07283, Restraint 
Administration, Washington, D.C., April 1981. System Usage in the Traffic Population," August 18, 

8. "Fatal Accident Reporting System 1980," DOT-HS- 1982. 
805-953, National Center for Statistics and Analysis, 

The Main Causes of Risk Differences for Restrained Drivers and Their 
Restrained Front Passenger in Frontal Collisions ,, 

C. THOMAS, G. FAVERJON, C. TARRII~RE, INTRODUCTION 
F. HARTEMANN 

Laboratory of Physiology and Biomechanic In frontal collisions in the PEUGEOT $.A./RE- 

of Peugeot S.A./Renault Association NAULT multidisciplinary investigation, 3-point belted 

death rates of 3,7 and 3,0 are respectively observed among 

C. GOT, A. PATEL the 1018 drivers and the 525 right front passengers. 
Various reasons can explain the difference: 

I.R.O.-I.R.B.A.-HOpital R. Poincar(~ 92380- 

Garches-France                                  --presence of a steering system 
--greater violence of frontal collisions for the 46% of 

cars having just the driver on board (Figure 1) 

ABSTRACT 
--the higher frequency (near 50%) and the severeness 

of the intrusion phenomena on the driver’s side be- 

In large samples, differences in terms of death rate or 
injury patterns between drivers and front passengers are 
not entirely due to the presence of the steering system. 
Numerous biases such as differences in frontal violence, ~ ....... ~o~ 
asymmetrical intrusion, age effect or rear over-loading 
must be eliminated first before a risk comparison between 
belted front occupants involved in frontal car accidents. 

The possible over-risk for the driver due to the steering 
system can be stressed if the driver’s situation is compared 
with that of his front passenger without side effects ............ 

This comparison is made on a sample of 337 cars in- 
~°~ ~ ......... PA~s~;~ \~ 

volved in frontal collision. No significant difference is ’\ 
observed between the proportion of severe injuries among ’°~ \\~ 
drivers and their front passenger, but on one hand, tho- 
racic injuries are more frequent for the front passenger 0 
and on the other hand, severe injuries to the head are 
more frequent for drivers. 

It cannot be assumed that the steering system generates Figure 1. Frequency comparison of AV in frontal accidents 
according to the presence of one passenger or 

a manifest over-risk for drivers,                                 not (N = 1 786 cars). 
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without overload. The explanation is, as previously men- 
VEHICLE INTERIOR DEFOKMATION INDEX 

frequency LEFT FRONT (V. I.D.I.) tioned, their involvement in higher frontal car crash vio- 

~0% 48,~ lence. But it must be mentioned that the death rate of 
lone drivers is reduced by the fact that they are relatively 

RIGHT IK0.~;T younger compared with accompanied drivers, but this 
~3,2~. influence is masked by the fact that their accidents are 

30~ T’~ FRONT SEATS studied especially when they are sent to hospital. The 

~9,3~ consequence is that very few of them are taken into the 
2o~ [--] sample when they are uninjured. 

}4, ~% 

~ 

The over-risk for the driver due to the steering assembly 
~ in frontal collisions can be validly stressed if the driver’s 6,2%         4,2% 

o state is compared with the front passenger’s one, provided 

all other significant side effects are excluded. 
displaceraent exceeding 25~Or~n.JI 

METHODOLOGY 
Figure 2. Distribution (in %) of intrusion phenomena in fron- 

ta~ car collisions (N = 904 cars).                  This chapter includes information on: 

¯ characteristics of the selected sample 

cause of the higher number of head-on collisions with ¯ frontal violence representativeness of the sample 

offset to the left front of the cars (Figure 2). ¯ disparity between front occupants according to pas- 
senger compartment damage 

So, it is not surprising to find rather different injury . pair disparity in age and sex 
rates between restrained front occupants especially if . belt wearing quality disparity 
overload by a rear adult is taken in account as shown in o disparity in rear adult overload 
Table 1. The increasing order of death rate for restrained 
fron~ occupmnts involved in frontal collision is as follows: 

~front passenger without overload 2,4 ¯ Characteristics of the two sub-samples 
---driver accompanied without overload 3,3 used 
~lone driver 4,0 A sample of 337 cars involved in frontal collisions was 
--<lrivers with overload 4,1 drawn from the accident file which contained 3000 frontal 
---front passengers with overload 4,4 

car collisions. The selection criteria were as follows; 

The absence of rear adult overload gives more benefit ~two front occupants wearing 3-point belts 
to the front passenger than to the accompanied driver. ~parameters of estimated frontal collision violence, 
The higher relative frequency of intrusion in the driver’s i.e., AV (occupant velocity variation) and mean "~ 
compartment, as previously mentioned, is one reason for (mean vehicle deceleration) (1) 
differences of injury levels. The effect of overload is more 
pronounced for the front passenger than for the driver’s 
despite the intrusion effect. The reason seems to be the . Representativeness of collision severity in 
presence of the steering system which gives a benefit to the sample 
drivers in such cases. 

The lone drivers don’t, of course, suffer from overload The sample of 337 selected frontal car collisions differs 

but they sustain higher death rates than front occupants but little from the whole population from which it is 

Table 1. Comparison of injury rates of belted front occupants involved in frontal collisions. 

Drivers (N = 10!8) Front Passengers (N = 525) 

accompanied 
with       without                      with       without 

lone overload overload overload ovedoad 

(.N) .           (472) (150) (396) (157) (368) 

Death 
rate 4,0 4,1 3,3 4,4 2,4 

0.AIS _> 3 
~ 12,1 16 !0,8 20,4 11,1 
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drawn as far as the AV of the occupant and the mean 
deceleration are concerned (Figure 3). There are a little 

more cases of low violence collision (under 45 kph of AV 
.......... or 10 g) and less at higher violence impacts. This obser- 

.............. vation is in good agreement with the previous findings ] 
about higher frontal violence involvement of lone drivers. 

¯ Disparity between front occupants 
according to damage to the 
passenger compartment                                       r~ 

72% of pairs are involved without intrusion (or with 
little reduction of the passenger compartment, less than 
150 mm) (Figure 4). This large sub-sample of 266 pairs 
is the basis of the results obtained. The intrusion cases 

.......... are separately studied because the steering system effect 
is masked by the type of intrusion. Moreover, intrusion 
cases occur mostly in very severe frontal violence impacts 
as shown in Figure 5. 

I~ Vehicle Interior Deformatio~                         LF 

¯ Pair disparity in age and sex 

The disparity in age between front occupants may in- 
duce a bias in the comparison of injuries. A difference of ..... , ............ , .......... 
less than 20 years between front occupants is observed in 
83% of the cases in which ages are known. 

Figure 4. Distribution of the 337 cases of the sample ac. 
cording to front damage of the passenger com- 
partment. 

Differences of more than 20 years between front oc- 
cupants are noted in an equal percentage unfavorable to 
the driver (9%) and to the front passenger (8%) ffigure 

Disparity in sex for driver and front passenger is more 
obvious. As expected, the front seat occupation--male 
driver/female front passenger--is frequent (59%~ig- 
ure 7). 

.......... : Belt wearing 

In 117 pairs, retractor belts were used. The static belt 
wearing quality is estimated for 151 out of 220 pairs. 
Equal conditions of static belt wearing were found in 13 
pairs. Unequal conditions were observed unfavorable to 
the driver and to the front passenger in a similar low 
percentage (respectively 3% and 5%) (see Fig-are 8). 

¯ Adult rear overload comparison 

Similar conditions for front occupants are observed in 
82% of the pairs. The higher frequency of adults (_> 10 

=~.o ~" ~,~ years) in the rear right passenger seat explained the small 
high frequency of overload for the right front passenger 

Figure 3. AV and mean y distributions in the sample and in compared with that of the driver (respectively 11% and 
the whole population. 7%) (see Figure 9). 
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sub-sample B 

Speed 
variation 
of the 
occupant 

70 

(kph) 

5O 

4O 

30 
A    o     without intrusion 

20 ........... ~" ~" ~: .............. S~~ ,~ e J sub-sample B <~ intrusion for the front passenger only 

!O ~’~ "’" ~’:~ 
sub-sample A 

mean deceleration of the car (g) 

Figure 5. Diagram "AV-mean 7" according to damage to the passenger compartment in the studied sample. 

Figure 6. Age class comparison (71 cases unknown).            _r--m 

Figure 8. Belt wearing (unknown: 31 static belt cases). 

Results are given now separately for the two sub-sam- 
ples according to the presence of intrusion (or not) in the 
front part of the passenger compartment. 

RESULTS 

Results are given first for the 266 pairs without intru- 
sion involved in the lower range of the frontal violence 
spectrum and secondly for the 71 pairs with intrusion 

Figure 7. Sex disparity in pairs (41 cases unknown), involved in high violence car accidents. Effects of restraint 
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/ s~M~,, co~D~o~s J DRIVERS FRONT 

PASSENGERS 

.... 4,1% ~ O.AIS 3-4-5~ ~ 7,5% 

::::::: 

Figure 9. Adult rear overload comparison.                                                     :::::: :~ 
I 

type (static or retractor belt) or overload is especially 
~0 % 

taken into account. ~ 7,6% 

COMPARISON OF INJURIES BE~EEN 
THE 266 RESTRAINED DRIVERS AND 
THEIR RESTRAINED FRONT PASSEN- Figure 10. Distribution (in %) of the overall AIS for the 266 
GERS IN FRONTAL COLLISIONS WITHOUT pa~rs of restrained front occupants without intm- 

INTRUSION (or less than 150 mm)--SUB- s;on. (Sub-sample A). 
SAMPLE A-- 

~e comparison of the 266 pairs of front restrained occupants (O.AIS ~ 3) is twice higher among front pas- 

occupants involv~ in frontal collisions without (or less 
sengers than for drivers respectively 8,2% and 

There is no difference of O.AIS between front occupants than 150 mm) is evaluated by; 
in half of the sub-sample. Differences of two points or 

the overal! injury severity (O.AIS scale)* (2) more (~ O.AIS 2 2) are obse~ed Jn 12% (33 cases 
the frequency and seventy of injures per body area of 266 pairs) (Figure 11). & O.AIS ~ 2 is more frequently 

(3) unfavorable for the passenger (25 cas~) than for the 
d~ver (8 cases). High differences between front occupants 

Disparities in Overall Severity of Injuries are found in the 174 pairs wea~ng static behs. 

(O.AIS) O.AIS 2 ~e found unfavorable 18*~ times for the 
passenger against 3 times only for the dr~ver. Among the 

The distribution of O.AIS sustained by ddvers and 92 pairs wearing retractor belts, di~erences of two ~ints 
front passengers is given in the following Table 2. As of O.AIS are similar for the driver and the front passenger 
shown in Figure 10, the frequency of severely injured respectively 5 times and 6 times. 

Table 2. Breakdown of overall severeness of injuries (O.AIS) for drivers and their front passenger. 

Drivers 

O.AIS 0 1 2 3 4 5 6 Totat 

~ 74 26 1 1 0 0 0 t 02 
Front 1 44 52 17 2 1 1 0 117 

passengers ~ 9 9 4 1 2 0 0 25 

~ 5 5 3 2 0 0 0 
! o 3 ~ o ~ o o 5 
! o o o o o o 0 0 
6 1 1 0 0 0 0 0 2 

133 95 27 6 4 1 0 266 

* In this scale, except for fatal cases (code 6) there isn’t significant change with the maximum AIS. 

** One killed front passenger wearing a static belt was not autopsied. So, the pair is eliminated from the sub-sample of 266 cases a,~ regards the following analysis. 
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As shown in Figure 12, the comparison per body area 
between front occupants revealed noticeable differences. 

Drivers sustained relatively more injuries to lower 

~ 
members and head. For the front passenger, abdomen, 

[ ~A;~ ~.;~-~ ~l [T~~~,~’I’~ ~ l 
thorax and upper members suffer more serious injury. 

: r-~’~ These results highlight that the presence of the steering 

~ I t system changes the pattern of injuries for the front oc- 

__ :..~ ~" ~-~"~ L_~ [_-J             c:3 .... ~ ~ cupants. But it cannot be assumed that this change is 
........ ~ ~    * unfavourable for the driver. 
....................... ------ O~AIS DI~,qS’~SLS ...................... 

> <~ <~ ~’~> "~ "~ ~ ~~ ~> Differences in Risk Per Body Area for the Driver and 

Figure 11. Distribution (in %) of O.AIS differences in the 266 
His Respective Passenger in the 265 Pairs 

pairs (Sub-sample A). Differences in AIS per body area for pairs of belted 
front occupants are given in Table 4. 

Differences of 4 points of AIS are found for the head 

Table 3 gives, for the driver and his passenger, the (unfavourable to the driver), neck and abdomen (unfa’ 

vourable to the driver). 
breakdown of the body area making the A O.AIS _> 2 Numerous cases of differences of 2 or 3 points of AIS 
versus belt type. are found for the thorax and upper members (unfavour- 

It is pointed out that slack or poor geometry in some able to the passenger). 
cases of static belts affects much more the front passenger The difficulty of this table is due to the fact that the 
than the driver, especially the thorax, abdomen and mem- 
berso This phenomenon is reduced for the retractor belt 

AIS scale is not linear. However, differences of 3 points 
of AIS are not equivalent between AIS 5 and AIS 2 

group. Differences according to areas will now be ana- between AIS 3 and AIS 0, but in the Table 4, such cases 
lysed, are taken into account in the same way. 

A calculation, per body area, on the basis of a cubic 
scale for the AIS is given in Table 5 in order to be more 
’realistic and closer to disability and societal cost. The 

Injuries Per Body" Area comparison of ~ AIS3 between drivers and passengers 

Differences Between the Driver Group and the Pas- 
point out that the head, lower members and pelvis are 
more endangered for the driver than for the passenger. 

senger Group On the contrary, the importance (mix "frequency X se- 

Severe injuries (AIS _> 3) were more often sustained verity") of injuries is relatively higher for the passenger 

by front passengers than by drivers--25 severe injuries for the thorax, upper members, abdomen and spine. 

were found among the passenger group against only 15 The highest differences, in terms of~ AIS3, were found 

in the driver group. Injuries more than minor (AIS _> 2) for the abdomen (one to 10), head and upper members 

are also more tYequently sustained by front passengers (one to three) and for the thorax and neck (one to two). 

(n --= 67) than by drivers (n = 51). Comments about each body segment are now given: 

Table 3. Breakdown of the causes of difference of z~ O.AIS _> 2 versus belt type and body areas between front occupants 

(n = 32 cases). 

Static belt Retractor belt 

(N=21 pairs) (N=11 pairs) 

Origin of UnfavouraNe to the Unfavourable to the 

the difference driver f. passenger driver f. passenger 

Head 1 1 1 0 

Neck 0 1 1 1 

Thorax 1 6 1 2 

Upper members 0 3 1 2 

Abdomen 0 4 0 0 

Thoracic-lumbar spine 0 0 0 1 

Pelvis 0 0 0 0 

Lower members 1 3 1 0 

Total 3 18 5 6 
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AIS ~ 3 ~ AIS 2 

DRIVERS F~g PA!SENCYr.RS 

HEAD NECK THORAX UPPER ABD(I,EII THORACIC- PELVIS LOWER 

SPINE 

Figure 12. Number of AIS > and AIS 2 versus body areas for the 265 drivers and their respective front passengers. 

Table 4. Differences in AIS for the 265 pairs. 

Unfavourable Unfavourable 
AIS for drivers Equal for front passengers 

5      4      3      2      1       0       1      2      3      4      5 
Head 0 2 0 13 25 192 29 
Neck 0 0 2 0 10 223 26 2 
Thorax 0 0 1 3 18 182 48 11 2 0 0 
Upper members 0 0 1 3 8 212 28 7 6 0 0 
Abdomen 0 0 1 0 1 243 15 0 1 4 0 
Thoracic- 0 0 0 1 7 243 10 3 1 0 0 lumbar spine 
Pelvis 0 0 0 1 8 249 7 0 0 0 0 
Lower members 0 0 0 6 37 184 33 4 1 0 0 

Table 5. Breakdown of injuries to drivers and their front passengers according to frequency and seriousness per body area. 

DRIVERS                                                       FRONT PASSENGERS 
_0 _2 _3 4_ 5 ,~,AIS3                       0    1 2 3 4 5 ~AIS~ 

207 41 14 1 1 1 369 HEAD 2¥7 3-~ -~ 1 5 ~ 137 - 
246 17 0 1 1 0 108 NECK 228 33 1 2 0 1 220 
205 53 5 C 2 0 221 THORAX 167 81 ~ 3 3 1 0 330 
237 22 5 1 0 0 89 UPPER MEMBERS 210 39 9 7 0 0 300 
262 2 0 1 0 0 29 ABDOMEN 244 16 0 1 4 0 299 
256 8 1 0 0 0 16 THORACIC-LUMBAR 251 10 2 2 0 0 80 

SPINE 
254 9 1 1 0 0 44 PELVIS 256 8 0 1 0 0 35 
198 52 11 4 0 0 248 LOWER MEMBERS 196 59 8 2 0 0 177 
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o Head , Upper members 

Drivers head injuries are due to steering wheel impact. Injuries more than minor to upper members are found~ 

The 3 AIS HEAD _> 3 were sustained by static belted 6 times for drivers and 16 times for passengers. This, the 

drivers, unfavourable result for front passengers, is due to frac- 

~t~e AIS 3 to the head of a passenger wearing a retractor tures to the hand areas mainly caused when the occupant 

belt was due to irnpact with the fascia which moved eighty tries to brace himself or herself against the fascia. The 

millimeters rearward in a rather severe frontal collision following table gives AIS >_ 2 injuries to front occupants. 

(AV = 40 km/h-mean ~/ = 10 g). 
In this pair, the driver sustained an AIS head 2 due 

Front 
to steering wheel impact. Drivers passengers 

Finger fractures 
(metacarpus) 3 2 

,, Neck Radius fractures (includ- 

A passenger retractor-belt user was killed in a frontal 
ing Colles) 0 10 

collision of 50 km./h of AV and 12 g of mean deceleration 
C~avicle fracture 1 2 
Shoulder dislocation 1 2 

for the car, with rear overload. The AIS neck 5 was a 
carotid artery occlusion due perhaps to compression of 
the "shoulder belt" on the neck, according to the doctor. 
In this case, the driver was uninjured. ¯ Abdomen 

AIS neck 2 or 3 are due either to rear overload (oc- 
cupants or objects) or to head direct impact. Five static belt passenger wearers sustained severe ab- 

It is noticeable that neck pain is twice more frequent dominal injury due to the lap belt (4). Slack wearing and 

among passengers than among drivers. This must be re- poor geometry of some static belts associated with rear 

tared to the high frequency (66%) of female front pas- overload in four out of the five cases may explain this 

sengers against !2% as drivers. In fact, it is well known result. The reason why their drivers did not sustain any 

that females have an over-risk of neck pain due to their abdominal injury is probably due to the knee contact with 

relatively fragile cervical spine, (especially muscles and the lower panel or the steering column which limited 
forward displacement of the body and decreased the re- 

ligaments). 
straining forces applied by the belt by energy dissipation 
through knees contacts. 

, Thorax 
A bladder rupture (AIS = 3) to a retractor belted 

driver with rear overload isn’t well explained. 
Pdb fractures occurred more frequently among the pas- ¯ Thoracic-lumbar spine: Differences of injuries to this 

senger group than in the driver group, zXAIS of two points body segment are unfavourable to passengers in two pas- 
or more are unfavourable to the driver and to the pas- sengers cases, the role of the lap belt as cause of fractures 
senger res~ctively 4 times and 13 times (~AIS = 1 ofT12 in the first case, and L1 in the second one is highly 
respectively 18 times and 48 times). Rear overload is an probable. In the two cases with fractures respectively of 
aggravating factor found in 4 out of the 7 drivers who T1 ! and T12 the role of the lap belt is possible but more 
sustained more than minor thorax injuries (AIS _ 2) and questionable. The mechanism of injuries through lap belt 
in 8 out of the 17 passengers with AIS thorax _> 2. The penetration in the abdomen is the same as previously 
main reason is that higher restrained forces are applied described for passenger abdominal injuries. 
to the thorax of passengers. This fact is in agreement with For drivers, only one case was recorded. It was a spi- 
the lower frequency of lower member injuries of passen- nous process lumbar fracture probably due to the lap belt. 
gers in comparison with drivers. The slack in static belt It is interesting to notice that three out of the five thoracic- 
wearing is one cause of this disparity as shown in the lumbar spine fractures occurred with retractor belt types 
following table: and not only with static belts. This observation leads one 

to think that the pelvis isn’t well restrained by the lap 

AIS Thorax _> 2. belt and even with a retractor belt in cases of poor ge- 
ometry. 

f 
Drivers Passengers ° Pelvis: More than minor pelvis injuries among belted 

front occupants involved in frontal collision without in- 
Static belt (173 pairs) 3 12 
Retractor belt (92 pairs) 4 5 trusion are rare. In the sub-sample, the only two AIS _> 

2 were hip dislocations (one to the driver and one to the 

Retractor belt usage reduces sharply differences of front passenger). They were found in the same pair of 

thorax iNuries between front occupants, front occupants wearing slackly static belts, 
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Such injuries due to knee impacts under the panel in 
In "Front Seats" (FS) intrusion cases, severeness of 

such conditions are eliminated by retractor belts with 
injuries is very high due to the highest frontal violence, 

good restraint geometry, especially in mean deceleration of the car (See Figure 5). 

In such cases, intrusion effect affected both front occu- 
¯ Lower members pants, but the rearward movement of the fascia is more 

frequently higher on the driver’s side. The little number 
15 AIS _> 2 were found among drivers against 10 AIS of recorded cases prohibits any conclusion regarding this 

_> 2 among front passengers. Differences of more than point. 
than minor injuries between belted front occupants are 
reduced with retractor belts in relation to static belts as 
shown in the table. Differences in O.AIS between the 71 Pairs 

with Intrusion 
Front 

Drivers passengers Comparison results of Overall AIS differences in var- 
Static belts (n = 173 ious types of intrusion are given in Figure 14. This doesn’t 

pairs) 11 7 indicate a significant over-risk for drivers as far as intru- 
Retractor belts (n = 92 

sion type is concerned. pairs) 4 3 
Intrusion differences (measured at the upper panel 

Results concerning the 71 pairs with intrusion in the sides) between left front and right front part of the pas- 

passenger compartment are now given here after, senger compartment are given versus Overall AIS differ- 
ences for the 71 drivers of the sub-sample in Figure 15. 
It is obvious that O.AIS differences for the driver are 

COMPARISONS OF INJURIES BETWEEN mainly related with front intrusion differences. 
THE 71 RESTRAINED DRIVERS AND THEIR 
RESPECTIVE RESTRAINED FRONT PAS- 
SENGERS-IN FRONTAL COLLISIONS Comparisons of Head Injuries between Driv- 
WITH INTRUSION (more than 150 mm)-- ers and Their Respective Passenger in Intru- 
SUB-SAMPLE Bi sion Cases 

The three types of frontal intrusion inside the passenger This study is focused only on head injuries, which is 
compartment in accordance with the Vehicle Interior the body area mainly affected by the presence of the 
Damage Index (V.I.D.I.) are: steering system. 

Left Front (LF): intrusion in the driver compartment Comparisons of head injuries between front occupants 

Right Front (RF): intrusion in the front passenger com- are given in Table 6. When the intrusion concerns the 

partment driver compartment, 5 AIS Head > 3 out of 34 drivers 

Front Seats (FS): intrusion for both front occupants, were found for the driver against only one among pas- 
sengers. This tendency is reversed as far as front passenger 

These various kinds of damage to the passenger com- compartment intrusion cases are concerned. 
partment masked the steering system influence in the The over-risk of severe head injuries to belted drivers 
comparison of injuries in the 71 pairs of belted front (compared to the consequences to belted front passengers) 
occupants, is not entirely due to the steering wheel. Only two out of 

the seven known severe belted driver head injuries were 

Disparities in Overall Severeness of Injuries due to steering wheel impact. "A" pillar, fascia and hood 

(O.AIS) provided the five other cases. The low percentage of steer- 
ing wheel impacts in severe accidents was found also by 

The severeness of injuries to drivers and their passenger Gloyns et al. (5). They found 9% of steering wheel head 
depends on the location of the intrusion (Fig. 13). Death impacts among a representative sample of fatally injured 
rate and O.AIS > 3 frequencies versus various types of restrained drivers. 
intrusion for drivers and their respective passengers are All the seven severe driver’s head injuries of the sub- 
given in the following table: sample with intrusion are plotted in the Figure 16 which 

V.I.D.I. Left front Right front Front seats 
Death Drivers 23% 10% 33% 
Rate Front passengers 7% 16% 22% 
O.AIS > 3 Drivers 60% 

] 

26% 89% 
Frequenc~t Front passengers 42% 48% 55% 
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VEHICLE IhTERIOR DEFOP   TIO(  INI£X 

FR fr (LF) FROfg SEATS (FS) RIGHT (RF) 

! 

"43 cases) -( 9 cases) 19 cases) 

;’.’.:~0 ..... " 6 ,.-,,.. 1 6% , ........... 22,2~ 
"""" 3, % ,...,, 3.AIS-- 

|15’8%1 ?///~ 0.AIS-- 
22,3% "’""                                         6 

.... " "’"’" ~’~ ’ 3-4-5 
34,9%i ...... ~ 31 , 5% ...... l~ 

! 
~ 

4% 
5,8% 

-’ ///// 0"AIS~" ...... 0.AIS 
37,2% 3-4~5 :::::: 2 

6,3% 

[~ 

!iiiii ]0,5% 

~, ::::: 44,4% :::::~ 0.AIS~ 

I 
32,6% i!iii .::::: ..... 

36,8% 

?ii?! ::::: 

4,6%        A, ),2% 
1,1%~ ; 2 

~:iii? -- ’ --      5,2% 

0 
FRONT ~RONT FRONT 

DRIVERS PASSENGERS ~ DRIVERS PASSENGERS DRIVERS PASSENGERS 

Figure 13. Distribution (in %) of the injury severeness (O.AIS) versus the three different types of intrusion. 

gives the upward and backward displacements of the of front restrained occupants gives the following results: 

s~eering wheel. Front passengers are rather more severely injured 
than drivers. The percentage of O.AIS >_ 3 is re- 

CONCLUSIONS                                      spectively 4,1% for the driver and 8,2% for the 

passenger. The percentage of uninjured is respec- 
tively 50% for the driver and only 37% for the 

Before evaluating the specific influence of the steenng 
system on restrained drivers involved in frontal collisions, 

passenger. 

a sample of 337 cars (266 without intrusion and 71 with) 
Equal O.AIS are observed in only half of the 266 pairs 

was formed to compare the state of drivers with their 
without intrusion. Differences of two degrees of O.AIS 
is observed in 33 pairs (12%). The AO.AIS _> 2 is un- 

respective front restrained passengers. 
The presence of the steering column is the main dif- favourable 22 times to the front passenger and 11 times 

ference between the two belted front occupants. A second 
to the driver. 

difference related to the over-representation of male driv- Lesser differences of O.AIS are observed for front 

ers (88%) and the over-representation of female passen- occupants wearing retractor belts compared to those 

gers (66%) also holds, wearing static belts in the sample without intrusion. 

Differences in age, quality of belt wearing and rear The elimination of slack in the belt wearing is the 

adult over!oad are not significant. A comparison of pairs first explanation. Poor geometry of belt restraining 
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VEHICLE INTERIOR DEFOPCIATION INDEX 

LEF  FRO  T SEATS RIGHT FRONT 

(43 cases) (9 cases) (]9 cases) 

frequency 

60% 

50% 

40% 

30% \ \ 

20% 

10% 

TO THE DRIVER] EQUAL 
T~ FRONT PASSENGERJ 

Figure 14. Breakdown (in %) of A O.AIS between belted front occupants versus various types of intrusion. 

still exists among retractor types but the proportion contacts which may decrease the forces applied to 
is lower than with old static belt types, the thorax. 
The most affected body areas are, in decreasing or- --In the sample with large intrusion, severeness of 
der: head, lower members and thorax for drivers and injury is closely related to the type of intrusion, either 
respectively thorax, members and abdomen for front in the driver compartment or in the passenger one. 
passengers. The reason for these differences seems Severe "head-steering wheel" impact occurred 
to be that restraining forces are entirely applied to mainly into displaced rearward and upward steering 
the passenger belt whereas the driver braces himself wheels in very severe frontal accidents. 
against the steering wheel and has lower members In short, when there is no considerable intrusion, it 
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TaMe 6. AIS Head for belted front occupant (pairs) in various types of intrusion. 

AIS head 
N AIS > 3 ~ AIS3 

0 1    2 3 4 5 

LF drivers 7 13 9 3 0 2 5 416 

(34 pairs*) passengers 22 5 6 1 0 0 1 80 

RF ddvers 8 7 2 0 0 0 0 23 

(17 pairs*) passengers 5 10 1 0 0 1 1 143 

FS drivers 1 2 2 0 0 2 2 268 

(7 pairs~) passengers 4 1 1 0 1 0 1 73 

~ The tack of autopsies for some killed front occupants eliminates 9 pairs in LF intrusion, 2 pairs in RF intrusion and 2 pairs in FS intrusion. 
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to give to restrained drivers a good protection which may 
be higher than for front passengers, when there is no or 

less intrusion. 
These conclusions for driver protection are in agree- 

ment with criteria for the planned frontal integrated test 
in which on one hand, femur loads will be measured and 
on the other hand, head impact violence will be controlled 
by the Head Injury Criterion. This test could be usefi~y 
associated with a criterion on the basis of a dummy driver 
facial model. 
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Field Performance of Volkswagen Automatic Restraint System 
(Progress Report) 

JOHN D. STATES formerly a padded steel structure which extended outward 

Rochester General Hospital, from the base of the fascia, has been superseded by a 

Department of Orthopedics, USA 
flush-mounted structure of aluminum construction. This 
new component has the same force/deflection character- 

WOLFGANG ROSENAU istics as its predecessor, and was provided as an element 

GEORGE M. WELKEY in the overall redesign of the fascia in the vehicles so- 

Volkswagenwerk AG, Wolfsburg, equipped (Figure 2). The geometry of the redesigned knee 
bolster has not been altered, and remains compatible with 

W. Germany 
a dimensional range encompassing the standard fifth per- 
centile female, through the ninety-fifth percentile male. 

ABSTRACT In addition, the upper latch/release mechanism, for- 

merly fixed, will now be modified to allow it to pivot 
This paper contains the observed performance of the through a degree range of approximately horizontal mo- 

VW-R~& in the field, with respect to mitigation of injuries tion. This improvement was made to increase the comfort 
demonstrated through statistical and narrative data. and convenience of the system (Figure 3). The range of 

The paper reintroduces the constituent components of motion is approximately 66 degrees. 
the system: seat, sensor/retractor mechanism with its at- The other components remain unmodified. 
tachments to the seat frame, the belt itself, knee bolster 
and the total vehicle crash management system. Also 
included will be brief descriptions of those component PERFORMANCE IN VW LABORATORY 
changes made in the VW-R_A since the presentation of TESTS 
the prior data review. 

Supportive data include results of 234 real-world ac- Prior to its release for general use in 1975, the entire 

cidents, system was subjected to exhaustive laboratory testing. 
Frontal impact tests were pertbrmed in the range of 50 
km/h at 0° and to 30° left and right of center. 

INTRODUCTION Similar tests were performed with dummies restrained 

by conventional belts. These resulted in slightly higher 
As of this writing, the passive restraint provision of HIC values for the occupants, due to the greater tendency 

FMVSS 208 has been reinstated, as a result of litigation for head rotation attributable to the three-point restraint, 
brought by insurance interests in the U.S. A Federal but the overall performance of both systems are almost 
Appeals court has ruled that implementation of the pro- equal. 
vision will be effective with the 1984 model year’s vehicles, 
more specifically September 1, 1983. The NHTSA is cur- 
rently under the court’s direction to advise as to whether VW-RA FIELD PERFORMANCE 
the compliance date is capable of being met. 

Since 1975, Volkswagen has sold over 500,1300 vehicles This writing presents the actual results of 234 real- 

equipped with the VW-RA system. Volkswagen will con- world accidents of all types in the United States. The 

tinue to offer the VW-RA, as optional equipment on Golf./" sample is random and derived solely through the coop- 

Rabbit and Jetta vehicles, eration of VW dealer organizations in the U.S. The only 

The following section su~nmarizes previous papers in criterion for reporting such incidents was a base damage 

providing background information relative to the VW- value of US $2,500. No other requirements were given to 

RA system, the participating dealers, in order that the sample might 
remain uncolored. 

Upon receipt of notification of the following, actions 
SYSTEM DESCRIPTION were undertaken: 

Figure 1 shows the four major subassemblies which 1. The Rabbit vehicle was located, damage docu- 

comprise the system: torso belt with dual-mode locking mented and deformation extent measured. 

retractor, knee bolster, seat and seat belt retractor an- 2. The collision partner was determined and, where 

chorage components on seat frame. Over the last two possible, documented. 

years, some small modifications to the components of the 3. The accident site was visited. 

Rabbit have taken place, as follows: the knee bolster, 4. Police report, if any, was obtained. 
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emergency 
door 

/ 

knee bar 

locking 

~~ ~ retractor ¯ ~ 

Figure 1. VW-RA Passive Restraint System. 

5. Medical records, if any, were obtained. ACCIDENT INVESTIGATION RESULTS 
6. Occupants were interviewed. 
7. If applicable, the body shop repair estimate was Accident Type and Distribution 

obtained. 
Figure 4 illustrates in graphic terms the location and 

direction of impacts of the involved vehicles. The gra- 
dation of shadings additionally shows injury severity for 
the various occupants. We have restricted ourselves only 
to driver and right front passengers, since they are the 
ones protected by the VW-RA. 

The percentage distribution of accidents by mode is as 
follows: 

lmpact Direction % ~requency 

Frontal (+45°) 63.7 
Lateral (combined R + L) 2 !. 8 
Rear 8.9 
Rollover 5.6 

The usage rate is as follows: 

Based on our survey of 234 accidents, the data indicate 
an observed usage rate of 92.3%; the previously observed 

Figure 2. Interior of VW Rabbit with aluminum knee bolster, rate was 95.4%. 
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front passenger 

evaluation of 234 accidents 

(~) total numbecof occupants 

~ total number of AIS levels 

( 

Figure 3. RA tl latch.                                               --~ 

The question of overall usage rate and possibilities for 1 , 2 3 4 9 ~0 11 12 00 
defeat of the system has not yet been fully resolved. Chi 

and Reinfurt, in their recent paper, postulate of a range Figure 4. Occupant injury distribution by impact direction. 
of usage in the area of 55% to 60%, based on a six-state 

police accident data survey. 

Their data show reported usage running from 43% to particular significance, in that generally, they produce the 

73%. In another real-world study, Appleby et al., ob- highest Delta V’s and can be expected to produce greater 

served a usage rate of approximately 23%, over a smaller number of injuries. 

sample size. Sex, age and seating position, among other things, can 

Regarding the issue of system defeat, Volkswagen rec- influence injury patterns. 

ognizes that there is a population segment which will Table I delineates age, sex and seating position of the 

resist the use of any sort of restraint, irrespective of its parties involved. 

efficacy or convenience. Volkswagen feels, however, that Table II is relatively self-explanatory; it details the se- 

making defeat absolutely impossible may present certain verity of injuries of all front seat occupants, broken out 

problems post-crash, by AIS-level, seating position and sex. This table does 

Volkswagen has opted to make defeat inconvenient, not discriminate between restrained and unrestrained oc- 

rather than impossft~le, through the employment of an cupants. 

ignition ~terlock system. It is significant, however, that Table III is an update of the previously presented injury 

even with the potential for system non-use, the usage rate outline, and summarizes by major body region, all injuries 

observ~ remains relatively high. sustained. 

Frequency and Severity of Injury Occupant Contacts with Interior 

Figure 4 is also useful in establishing the statistical Figure 5 depicts those points in the vehicle interior 

dominance of the frontal collision. Such collisions are of with which occupants came into contact. There is no 
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Table 1. 

Total Driver Passenger 
Age group M F M F M F 

0-15 yrs 2 5 0 1 2 4 
16-25 49 29 39 20 10 9 
26-45 88 45 81 37 7 8 
46-65 38 15 35 11 3 4 
66+ 4 2 3 1 1 1 

unknown 7 2 6 0 1 2 
Total 188 98 164 70 2,1 28 

Table 2. 

Drivers R.F. Passenger Injury ratio + percent 

AIS Total M F Total M F Driver only Overall 
0 102 77 25 19 9 10 102/234 43,6% 121/286 42,3% 
1 103 66 37 25 12 13 103/234 44,0% 128/286 44,7% 
2 14 12 2 6 1 5 14/234 6,1% 20/286 7,0% 
3 10 6 4 1 1 0 10/234 4,2% 11/286 3,9% 
4 5 3 2 1 1 0 5/234 2,1% 6/286 2,1% 

234 164 70 52 24 28 

AIS:A~rev~ted I~v Sc~e 

total number of contacts 

to~ r~rd~er o~ A~S ~s                           ~ 

~ 

Figure 5. Occupant contact areas with interior in frontal col- 
lisions. 
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Table 3. Injur~ diagnosis/body regions injured. 

Driver R.F. passenger 

Total With belt Without belt With belt Without belt 

Head, excl. face 
Concussion 6 5 0 0 1 

Scalp laceration 9 8 1 0 0 

Contusion/abr. 13 11 0 1 1 

Skul~ fracture 1 ! 0 0 0 

Face 1 * 
Fracture, deprsd. 2 1 0 0 

Laceration 13 8 1 2 2 

Contusion/abr. 13 8 0 4 1 

Fracture/nose 7 6 0 1 * 0 

Lac./lips/mouth 4 4 0 0 0 

Eye, cornea det. I 0 0 1 0 

Tooth, avulsed 1 1 0 0 0 

Neck 
Sprain 37 30 2 5 0 

Contusion 4 3 0 1 0 

Chest 
Contusion/sprain 39 32 0 6 1 

Fracture/ribs 9 8 1 0 0 

Fracture/clvL 5 4* 0 1 0 

Fracture/strnm. 3 2 0 1 0 

Thoracic spine/sprain 4 4 0 0 0 

Pneumothora_xihemothorax 4 3 1 0 0 

Hemopneumothorax 1 1 0 0 0 

Collapsed lung 1 1 0 0 0 

(* one case, apparently bilat- 
eral) 

Abdomen 
Bruised kidney 2 2 0 0 0 

Contusion 2 2 0 0 0 

Hematuria 2 2 0 0 0 

Lumbar sprain 3 3 0 0 0 

Liver laceration/ 
Hemorrhage                 2 1 0 1 0 

Ruptured spleen 1 1 0 0 0 

Upper Extremity 
Fracture/shoulder 1 1 0 0 0 

Laceration 7 7 0 0 0 

Contusion/sprain 41 37 1 3 0 

Fracture/wrist 1 0 0 1 0 

Fracture/elbow 1 1 0 0 0 

Fracture/hand/fingers 3 3 0 0 0 

Fracturebones undet, long 1 1 * 0 0 0 

Torn lig. thumb 1 1 0 0 0 

(* arm fractured in 7 places) 

Lower Extremity 
Contusion!sprain 50 37 1 11 1 

Fracture/pelvis 4 2 0 1 1 

Fracture/femur 2 2 0 0 0 

Fracture/foot 2 2 0 0 0 

Fracture/tibia/f 3 2 0 1 0 

Lacerations 2 2 0 0 0 

Patetla/cont./abr. 31 23 2 6 0 

Torn ~ig. ankle 1 1 0 0 0 

Fracture dislocation 
of hip 1 1 0 0 0 

¯ Denotes 3;,~ year old child, using R. A., single accident--lost sense of smell. 
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Figure 6, Figure 9. 

distinction between belted and unbelted occupants. Sig- 
nificant in this illustration is the relatively high incidence 
of occupant contact with the knee bolster. This is expected 
as a function of the system. In conjunction With this, the 
low number of injuries of the lower extremities is to be 
noted. Abdominal injuries were uncommon, presumably 
due to absence of a lap belt. 

Comparison of Field Results with Barrier 
Collisions 

This section will be illustrated with photographs of two 
real-world accidents and comparable barrier impacts (Fig- 
ures 6 through 9). A significant advantage of accident 
analysis of this type for a manufacturer is the ability to 
compare barrier collision tests with the accident field data 

Figure 7. in order to assign an appropriate EBV. The general cor- 
respondence between predicted performance and observed 
performance is to be noted. 

SUMMARY AND CONCLUSION 

This paper presents data compiled from a study of 234 
actual accidents. The survey and data collection effor~ 
have been concluded, for the purpose of this study. 

The data continue to sharpen our focus on injury mech- 
anism in real-world accidents. Results achieved have 
borne out Volkswagen’s projections as to the ef~cacy of 
the VW-RA. There are approximately 400,000 VW-RA 
equipped vehicles in current service in the U.S. Use av- 
erages about 14,000 kilometres per year. 

Volkswagen continues to be gratified by the results 
generated by the employment of the VW-RA. The system 
has provided substantially increased usage rates and, 
thereby, contributed to the overal! mitigation of auto- 

Figure 8. mobile crash-related injuries. 
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The Influence of Vehicle Weight on the Risk of Injury to Drivers 

G. GRIME and T. P. HUTCHINSON presented here were reported in an earlier paper by the 

University College, London authors (Grime and Hutchinson 1979), but some of the 
data are set out in a different form and there is additional 
material on two-vehicle collisions. Several papers (Kihl- 

ABSTRACT berg et al. 1964, Grime 1971, Campbell and Reinfurt 

1973, O’Day et al. 1973, Case et al. 1973, O’Neill et al. 
The results of analyses of the national accident statistics 1974) have demonstrated that, in a two vehicle collision 

for Great Britain for the years 1969-1972, published in the risk of injury or death is greater in the lighter of the 
1979, are summarised with some additional material. The two vehicles. The chief reason for this is the greater ve- 
effect of the ratio of the weights of the colliding vehicles locity change in the smaller vehicle, which arises from 
(the mass ratio) in two-vehicle accidents on the severity conservation of momentum. The results to be presented 
of injury to the drivers of the vehicles was determined, below are, in the main, relationships between the mass 
severity being judged by the percentages of fatal, serious ratio of the vehicles involved and some measure of the 
and slight injury and of uninjured drivers. The colliding drivers injury severity. The effect of vehicle mass itself is 
vehicles included in the analysis ranged in weight from also determined. This is particularly relevant in view of 
the lightest cars (kerb weight about 800 to 1700 lb--350 the fact that evidence from the USA (Joksch 1976) sug- 
to 800 kg) to heavy commercial vehicles weighing up to gests that under American road conditions there is greater 
30,6~ Ib (13,608 kg). Separate analyses were made for injury in smaller cars even when allowance is made for 
head-on and intersection collisions, both in rural and the effect of mass ratio. 
urban areas. With single-vehicle accidents, these collisions The accidents included in the analyses reported below 
account for most of the fatal and serious injuries in cars were those involving injury occurring in the whole of 
and commercial vehicles. Britain during the years 1969 to 1972 that were reported 

In both types of collision mass ratio was found to have to the police. Thus they constitute a more extensive sam- 
its greatest effect on deaths and least on slight injuries, ple than any previously analysed. The accidents were 
For example, when one of the vehicles in each of a number recorded on magnetic tape and the required tabulations 
of head-on collisions was twice the weight of the other, performed by computer. Injuries to drivers only were 
the percentage of deaths in the lighter vehicles was about considered, in order to avoid complications arising from 
7 times that in the heavier vehicles. For serious injuries possible differences in the occupancies of vehicles. It was 
the ratio of the percentages was about 3. The ratios for not possible to distinguish between belted and unbelted 
all severities of injury were rather higher in urban than occupants, but it is known that the proportion of the 
in rural areas. The effect of mass ratio in intersection former in the driver population was small during the 
accidents was similar to that in head-on collisions, period under consideration. The results are therefore ap.~ 

The relation of injury severity to vehicle weight in proximately representative of the unrestrained driver. 
collisions in which the two vehicles were of approximately Head-on and intersection collisions, together with sin- 
equal weight (mass ratio 0.95 to 1.05) was examined, and gle vehicle accidents, account for most of the deaths and 
no effect of weight in reducing deaths or serious injuries serious injuries in vehicles. Separate analyses have been 
was found either in head-on or intersection collisions; made for head-on and intersection collisions, and each of 
there was some indication of an increase in the percentage these was separated into urban and rural accidents. In 
of deaths in commercial vehicles with weights of 6000 to addition, some data on injury in single-vehicle accidents 
30,0C~3 Ib (2722 to 13,~438 kg). In single-vehicle accidents, related to the mass of the vehicle will be given. 
whether they were of the overturning or non-overturning No information on the speeds of the vehicles involved 
type, there was little or no effect of vehicle weight, in the accidents was available (except that the distinction 

between urban and rural areas was made on the basis of 
speed limit), and some further reservations must also be 

INTRODUCTION made: although the results will be interpreted in terms of 

the relative velocity changes, we must not lose sight of 
This paper is concerned with the relation between size the fact that other factors may be modifying this rela- 

of vehicle and the degree of injury sustained by its driver tionship---for instance, the speeds before impact may not 

in road accidents. The complementary question of be independent of mass ratio, driver age (known to be 

whether different sizes of vehicle have different rates of related to severity) may not be strictly independent of 

involvement in accidents is not dealt with; this is a very size of car, and structural strength (especially relevant 

difficult question owing to the lack of data on mileage when the vehicle concerned is struck in the side) will 

driven by different sizes of vehicle. Most of the results generally be greater for the heavier vehicles. 
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DEFINITIONS thought worthwhile to present the data without this dis- 
tinction being made. 

The weights assumed for cars were the kerb weights, 
as given by the makers or sometimes as stated in test 

RELATIVE FREQUENCIES OF DIFFERENT~ reports. But for commercial vehicles graphs were pre- 
MASS RATIOS AND CORRELATIONS pared relating the gross vehicle weight to the usual load 
BETWEEN THE TWO VEHICLES carr.cing capacity: for particulars of the resulting overall 

weights used in the analysis reference should be made to 
Distributions of mass ratio were derived for head-on Grime and Hutchinson 1979. 

and intersection accidents, both urban and rural. The Mass ratio can be defined in a number of ways: (i) as 
resulting histograms showed the percentage of collisions (mass of heavier vehicle)/(mass of lighter vehicle); (ii) as 
in each 0.05 interval of mass ratio (when expressed as 

the inverse of this (which is often more convenient for 
(mass of lighter vehicle)/(mass of heavier vehicle)). plotting on a linear scale); (iii) as M1/(M1 ÷ M2) for 

In every case the percentages of collisions between veo 
vehicle 1; (iv) as M2/(M~ ÷ ME) for vehicle 1, this being 

hicles having mass ratios between 0.5 and 1.0 (mainly 
the relative velocity change. There are also a number of 

car-car collisions) was high, ranging from 80 percent of ways of expressing mass ratio: as a fraction (2/3 rds), a 
the total in urban intersection accidents to 65 percent in 

decimal (.67), a percentage (67%), or as two integers 
rural and urban head-on collisions. The percentages of 

separated by a colon (2:3). We will always make it clear 
collisions in the range of mass ratio 0.05 to 0.20, repre~ 

what we mean. 
senting collisions with commercial vehicles, was greatest 

Injury--Casualties were classified by the police, ac- 
for head-on collisions (25 per cent in each area) and least 

cording to standard definitions laid down by the De- 
for intersection collisions, being 15 per cent for rural and 

partment of Transport, into fatal, serious, and slight. 
only 10 per cent for urban intersection collisions. The These definitions are as follows:                         detailed results were presented in Hutchinson t979. 

Slight injury: an injury of a minor character such      It was also noted that the masses of the two vehicles 

as a sprain or bruise, involved were not statistically independent of each other: 
Serious injury: an injury for which a person is de- vehicles tended to collide more frequently with vehicles 

rained in hospital as an ’in-patient’, or of similar weights than would be expected by chance. For 
any of the following injuries whether car-car collisions alone, however, no systematic departure 
or not he is detained in hospital: frac- from expected frequencies was observed, and the tendency 
tures, concussion, internal injuries, was interpreted as being due to commercial vehicles being 
crushings, severe cuts and lacerations, likely to travel on a restricted number of roads. 
severe general shock requiring medi- 
cal treatment. METHODS OF PRESENTATION OF INFOR.. 

Death: died within 30 days of an accident. MATION ABOUT INJURY SEVERITY IN 
In addition, there is the uninjured category, which, it RELATION TO MASS RATIO 
should be noted, refers only to people who are involved 
in an accident in which at least one person is reported The data were originally obtained in the form of tables 
to be injured, giving the numbers of cases in which each combination 

Urban accidents are those occurring where a speed limit of injury in the two vehicles occurred. In this paper, 
of not more than 40 mile/h is in force, rural accidents however, we shall be concerned only with the marginal 
are those elsewhere, totals of such tables. The reader is referred to Hutchinson 

Classification of the accident into head-on or intersec- 1977 for a method of analysing the joint c~:currence of 
tion or neither was based on the movement of the vehicle injuries. Note that the number of cases in which both 
before the accident and the vehicle manoeuvres as re- drivers escaped injury is unknown because such accidents 
ported by the police. Head-on collisions are those in which, are not reported (unless a passenger was injured). 
the two vehicles were proceeding in opposite directions The results of the analysis of collisions can be expressed 
on the same road and damage was not confined to the in several ways. 
sides of the vehicles (which would be called "side- (a) As tables; for example Table la relates to rural head- 
swipes"). Intersection collisions are those in which the on collisions and Table lb to those on urban roads. The 
accident was reported as being within 20 yards of a june-, entries in these tables are in pairs, one row for the lighter 
tion and either the vehicles were travelling on different and one for the heavier vehicles in collisions at a particular 
roads or they were on the same road and one was turning pair of mass ratios. (For each pair of entries there are, 
and the other was going ahead. It did not prove possible of course, two mass ratios one for the heavier vehicles 
to identify which was the striking and which was the and the other, its inverse, for the lighter vehicles.) The 
struck vehicle in intersection accidents. However, it was numbers of impacts in the two rows are always equal 
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Table l a. Percentages of drivers classified into each of the four categories of injury, according to the mass ratio of the 

vehicles involved (head-on accidents in rural areas), 

Percentages of drivers 

Mass ratio Serious Slight Number of 

(~ighter/heavier) Deaths injuries injuries Uninjured collisions 

0.00-0,04 H* 0.0 0.0 5.4 94.6 

L 14.3 48.3 33.9 3.6 56 

0.05-0,09 H 0.0 1,7 9.1 89,2 

L t 1.9 38.7 46.8 2.6 2396 

&10-0.14 H 0.0 1.8 9.9 88.3 

L 10.5 28.9 58.4 2.3 1541 

&15-&19 H 0.3 3.1 14.3 82.4 

L 8.3 37.4 49.8 4.4 652 

&20-0.24 H 0.0 2.8 15.7 81.4 

L 6.6 32.7 55.3 5.3 318 

0,25-0.29 H 0.3 7.5 19.6 72.6 

L 6.3 33.4 51.5 8.7 332 

&30-0o34 H 0.4 t 0.9 23.2 65.5 

L 8.5 32.7 48.6 10.2 284 

&35-&39 H 0.0 11.8 28.3 59.8 

L 7.9 28.0 55.5 8.7 254 

0.40-0.44 H 0.3 17.4 27.5 54.7 

L 8.4 25.5 53.4 14.8 298 

&45-0.49 H 0.7 164 32.0 51.0 

L 4.5 29.6 47.8 18.0 604 

0.50-&54 H 1.0 16.1 34.8 48,1 

L 5.5 27,5 49.7 17.3 597 

055-0.59 H 0.2 15.9 25.5 58.3 

L 5.9 32.6 49.4 12.1 439 

0o60~&84 H 0.9 14.3 32.0 52.7 

L 2.4 30.8 54.8 12.0 840 

0~65-0.69 H 1.4 19.0 36.8 42.8 

L 3.5 27.2 47.5 21.8 1505 

0.70-0.74 H 2.0 21.7 42.3 33.9 

L 2.6 33.4 43.7 20.4 938 

0.75-0.79 H 1.5 20.9 37.6 39.9 

L 3.2 28.4 49.5 18.8 1185 

&80-0.84 H 1.3 19.0 37.7 42.0 

L 2.7 28.9 50.7 17.6 1137 

0.85-0.89 H 1.7 23.2 40.5 34.6 

L 2.2 28.0 46.0 23.7 1436 

0.90~0.94 H 2.3 24.1 39.6 34.0 

L 3,1 27.5 47.1 22.4 1224 

&95-0,99 H 2.0 26.3 42.9 28.7 

L 2.0 26,1 43.3 28.7 1367 

1,00 2.5 26.0 41.9 29.6 1265 

Total 18668 

~ H: drivers of the heavier vehicles, L: drivers of the lighter vehicles 

since the injuries or lack of injury in each of the two collisions, are compressed into a small comer of the dia- 

vehicles in every collision was recorded. To be included gram. 

in the tables, one or other or both drivers must have been (c) In Figures 2a and 2b the percentages of drivers 

injured; in most cases only one was injured, recorded at the 3 levels of injury are given in terms of 

(b) As a diagram such as Figures la and lb in which the velocity change of the vehicle expressed as a fraction 

the percentages of drivers at the 4 levels of injury are of the relative velocity at impact (V~ -- V2); for car 1, 

plotted against mass ratios up to 9, both scales being this is Mz/Mi + M2, and for car 2 M~/M~ + M2. Thus 

linear. The advantage of these diagrams is that they give the 0.50 point represents a mass ratio of 1.0; 0.40 and 

a straightforward picture of the effect of mass ratio on 0.60 the velocity changes of the heavier and lighter cars 

injury, but have the disadvantage that mass ratios between in collisions at mass ratio 1.5 for the lighter car, and so 

0 and t.0, which represent all the heavier vehicles in the on. Deaths are shown on a separate Figure 3 to avoid 
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Table lb. Percentages of drivers classified into each of the four categories of injury, according to the mass ratio of the vehicle 
involved (head-oR accidents in rural areas). 

Percentages of drivers 

Mass ratio Serious Slight Number of 
(tighter/heavier) Deaths injuries injuries Uninjured collisions 

0.00-0.04 H* 0.0 0.0 4.2 95.8 
L 14.6 25.0 60.4 0.0 48 

0.05-0.09 H 0.0 1.2 6.2 92.6 
L 9.2 32.5 56.3 2.0 1774 

0.10-0.14 H 0.1 1.6 8.8 89.5 
....... L 6.8 34.4 55.6 3.1 1258 

0.15-0.19 H 0.0 2.4 10.6 87.0 
L 5.5 33.8 57.6 3.1 491 

0.20-0.24 H 0.5 5.2 17.0 77.4 
L 5.7 27.8 57.1 9.7 2! 2 

0.25-0.29 H 0.0 4.1 16.8 79.1 
L 2.9 28.7 61.9 6.6 244 

0.30-0.34 H 0.0 3.7 24.2 72.1 
L 1.6 28.4 59.5 10.5 190 

0.35-0.39 H 0.9 8.6 28.0 62.5 
L 3.9 27.2 54.3 14.7 232 

0.40-0.44 H 0.0 11.1 28.8 60.2 
L 4.9 32.7 51.3 11 .t 226 

0.45-0.49 H 0.2 10.8 31.7 57.2 
.......... L 3.2 25.5 55.1 16.2 463 

0.50-0.54 H 0.4 13.4 34.2 52.0 
L 2.2 26.9 52.8 18.0 494 

0.55-0.59 H 0.8 12.5 30.0 56.7 
L 2.3 26.4 57.4 13.8 383 

0.60-0.64 H 0.3 10.3 32.8 56.7 
L 2.1 24.9 58.2 14.8 766 

0.65-0.69 H 0.8 14.3 35.7 49.2 
L 2.9 27.4 52.3 17.4 1296 

0.70-0.74 H 0.7 15.2 40.4 44.6 
L 1.8 25.1 53. ! 20.9 896 

0.75-0.79 H 0.8 15.1 41.7 42.4 
L 1.3 21.5 54.6 22.5 981 

0.80-0.84 H 0.1 13.8 46.7 39.4 
...... L 1.8 22.1 52.9 23.2 1087 

0.85-0.89 H 0.5 17.1 43.7 38.7 
L 1.0 22.2 52.5 24.3 1216 

0.90.0.94 H 1.0 17.9 45.1 36.0 
L 1.2 21.! 51.9 25.8 1049 

0.95-0.99 H 0.7 19.8 49.4 30.1 
L 0.7 19.6 48.2 31.5 1103 

1.00 H 1.2 19.5 45.9 33.4 968 

TotN 15377 

* H: drivers of the heavier vehicles, L: drivers of the lighter vehicles 

confusion of points. Important mass ratios are picked out; overall effect of mass ratio, as given in tables such as 

for example, most car-car collisions lie within the range Tables 1, and very often this is the answer’ wanted. They 

0.5 to 2.0. are not completely satisfactory, however, if an answer is 

This method of presentation gives equal weight to mass required to the questions ’What is the effect of mass ratio 
ratios above and below 1.0, and shows more clearly than in slight accidents, in serious accidents, or in fatal acci- 
Figure 1 how injuries in the heavier vehicles in collisions dents?’. 
are dependent on mass ratio. As might be expected the A large percentage of the slight injuries in the heavier 
relationships between velocity change and injury are sim- vehicles in collisions are received in serious or fatal ac- 
pler than between mass ratio and injury, cidents, so that a straight comparison of tlhe percentages 

(d) Thepercentages of fatal, serious, and slight injuries, in Tables 1 does not answer the first question; the same 

and of uninjured, enable comparisons to be made of the is true, to a similar extent, of serious injuries. In an earlier 
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Mass of other vehicle! mass of own vehicle 

0.1 0.25 0.5 1.0 2.0 4.0 10.0 

9o 100     I ~ ~ I = ~     I 
Heavier vehicle           Lighter vehicle 

~ Slight injury 

~ , ~ ¯ , , 

~ 40 

o 
20 ury 

t I I I I    , (a) Rural areas 

Figure t a. Percentages of drivers at four levels of inju~ ver- 
sus mass ratio in head-on collisions (rural areas). No injury 

Slight injury 

0        0.20       0.40      0.60       0.80       1.0 
M2 

M1 +M2 

Velocity change as proportion of relative 

i vetocity at impact 

~ 
se~iou~ (b) Urban areas 

Figure 2. Percentages of drivers injured in head-on collisions 
° ° versus velocity change. 

paper (Grime 1971), one of the authors used as a measure 
of the effect of mass ratio in fatal and serious collisions 

~ ~ ~ ~ ~ the number of injuries per impact in fatal and serious 
o ~.o ~,o    ~,o ~.o ~,o ~,o ~.o ~.o 9.0 collisions alone; and similarly, as a measure of the effect 

of mass ratio in slight accidents, the number of slight 
injuries per impact for slight accidents alone. 

Figure lb. Percentages of drivers at four levels of injury This procedure was used to construct Figures 4a, 4b 

versus mass ratio in head-on collisions (urban and 4c which give the injuries per impact in head-on 

areas), collisions for fatal, serious, and slight collisions respec- 
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Mass of other vehicle Imass of own vehicle                             1,0 

0.1 0,25 0,5 1.0 2.0 4.0 10.0 
15, I t I I 

0.8 

Heavier vehicle Lighter vehicle _~. 

._15 0.6 

............ 10 ............ ~ 
0.4. 

Rural 
0.2 

ral 

~/Oy¢~ 
IO Urban 

0         0.2       0.4         0.6       0.8        1.0 
5                                                        M2 

MI+M2 

(a) In fatal collisions 

o 1.0 

0 0.2 0.4 0.6 0.8 1.0 
M2 .- 

MI+M2 ~- 0.6 
Velocity change as proportion of relative velocity at impact ._~ 

Figure 3. Driver deaths in head-on collisions, i_E" 0.4 

tively. The points for rural and urban areas are separately ~ 0.2 ¯ Rural 

indicated, but agree so well that in each diagram a single 
O Urban 

curve for the two areas could be drawn. The number of 
0 

injuries of given severity per impact at a particular level 0 0.2 0.4 0.6 0.8 1 
of velocity change in accidents of a certain kind is defined 
to be the ratio MI+M2 

(b) In serious c~llisions 
number of drivers injured with that 

severity in vehicles experiencing that velocity change 1.0 

number of vehicles experiencing that velocity change 

~ 0.8 
in accidents of that kind in the set of data being studied, E 
the velocity change being expressed, as in Figures 2 and 
3, as a proportion of the relative velocity at impact. ~ 0.6 

To make the meaning of these diagrams clear, consider 
1000 collisions between cars in which 1000 cars weigh "==- 0.4 
1.5 times the weight of the opposing 1000, and in which 

._~ one or more drivers is killed. This situation corresponds 
~ 0.2 with points 0.4 and 0.6 on the horizontal scale of Figure 

4a. The expected number of drivers killed in the 1000 
lighter cars 0 , ~     _L L--._-_ 

0 0.2 0.4    0.6 0.8 1.0 

M2 -- 
M~+M2 

Velocity change as proportion of relative velocity at impact 

Figure 4. Driver injuries per impact in head-on collisions (c) In sli!~ht ~lli$ions 
versus velocity change. 
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Table 2. Ratio of number of driver injuries in lighter vehicles to number in heavier vehicles in head-on collisions of all severities 
taken together (from Figures 1 and 3). 

Deaths              Serious injuries            Slight injuries 
Ratios of the masses 

of the vehicles Rural Urban Rural Urban Rural Urban 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

1.5 2.9 3.6 1.6 1.8 1.8 ! .4 

2.0 6.3 8.3 2.2 2.8 0.8 1.9 

3.0 20 35 3.6 5.0 2.3 2.7 

4.0 33 49 5.6 7.9 2.9 3.6 

5.0 7.3 10.7 3.4 4.5 

6.0 11 16 3.9 5.3 

9.0 21 20 ~ 5.0 7.3 

is 8~ and in the lC4~) heavier cars in terms of serious and fatal injuries, these proportions 
were higher in both areas (22 per cent in rural areas, and 

/ M2 "~ t3 per cent in urban areas). Probably some of the other 

M~ ~ M2 - 0.4) accidents would normally be considered ’head-on’ as well. 
The results of the analysis of head-on collision data are 

is 203; and similarly for other mass ratios and for the given in Tables la and b, Figures la and b, 2a and b and 

other two diagrams. 3. The methods of presentation used in these tables and 
figures have been described. 

From Figures 2 and 3, Table 2 has been constructed 
EFFECT OF MASS RATIO ON INJURY to show how the ratios of the percentages of injuries in 
SEVERITY IN TWO-VEHICLE ,ACCIDENTS the lighter vehicles to those in the heavier ones are influ- 

enced by mass ratio. 
It is welt known that when two vehicles collide, the Mass ratio affects deaths most and slight injuries least. 

changes of velocity of their centres of gravity are inversely The effect on deaths is dramatic; at the limit of the car- 
proportional to their masses. If M~, V~ and M2, Vz are car range, which coincides approximately with a ratio of 
the masses and velocities of two vehicles in a particular 2 to 1 in the weights of the colliding vehicles (and in the 
direction, then assuming the collision to be inelastic, the velocity changes), the percentage of deaths is about 7 
respective changes of velocity of the centre of gravity are times greater in the lighter than in the heavier vehicle. 

Because speeds in urban areas are lower than on rural 
M~    (V~ -- V2). roads, the percentages of deaths and serious injuries are, M~ (V, -- Vz) and 

M~ + M2 as would be expected, less in urban than in rura! areas M~ + M2 
(Tables 1) but there is little difference in the slight injuries. 

In symmetrical (centre front to centre front) head-on Judged from these data mass ratio has a more pronounced 

collisions with the vehicles travelling on parallel paths 
these are also the velocity changes of the driver, but it. 

can also be shown (Grime and Jones 1969-70) that el- Table 3. Ratios of number of driver injuries in lighter vehicles 

though most head-on collisions are asymmetrical, i.e., not to number in heavier vehicles in head-on collision 

centre front to centre front, and the paths of the vehicles 
of different severities (from Figure 4). 

not exactly parallel, the velocity change of the driver is Serious Slight 
almost as great if the collision had been symmetrical with Ratio of the Deaths injuries injuries 

the vehicles travelling on parallel paths. All head-on col- masses of in fatal in serious in slight 

lisions have therefore been included in these analyses, if the vehicles collisions collisions collisions 

the masses (represented by the weights) of the colliding 1.0 1.0 1.0 1.0 

vehictes could be estimated. 1.5 3.2 1.9 1.6 

2.0 6.9 3.0 2.3 

Head-on Collisions 3.0 15.8 5.1 3.7 

4.0 32 7.2 5.1 

If accidents which involved pedestrians or two-wheeled 5.0 9.5 6.2 
vehicles are excluded, in t972 head-on collisions ac- 

6.0 12 8 
counted for about 20 per cent of injury accidents in rural 

1 12 __ _ areas, and about 8 per cent of those in urban areas; but 
9.0 20 
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effect in urban than in rural areas. For deaths the figures intersection collision is one in which the paths of the 
give no more than an indication of this tendency, since, striking and struck vehicles are approximately at right 
the numbers are small, but the numbers of serious injuries angles and the struck vehicle is travelling at less than 20 
are large enough to be sure that the effect is a real one. mile/h (Grime and Jones, 1973). 

............ Figure 2 shows that the reduction in serious casualties in It would have been useful to have been able to give the 
urban areas is greater for the heavier cars than for the percentages of the various degrees of injury separately for 
lighter ones, and this is probably true for deaths as well. the striking and struck vehicles, since the drivers of the 

For slight injuries, the increased risk in the lighter two vehicles are probably exposed to different mechao 
vehicles tails off in collisions with commercial vehicles 
(mass ratio greater than about 2), in rural areas, largely 

........... because injuries in cars involved in these collisions, tend ~ - 
to be serious or fatal rather than slight. 

Mass of other whicle/m~s of own 

The effect of mass ratio in fatal, serious, and slight o.1 o.2s o.s 1.o 2.0 ,~.o 
head-on collisions is shown in Figures 4, in terms of i r r 
injuries per impact. As already mentioned, plotted in this 

Heavier vehicle Li~ter ~ehicle 
way, the points representing the results for rural and~ ~ 

urban areas are grouped closely together and so single 
curves to represent both areas have been drawn; and from 
Figures 4 Table 3 has been drawn up corresponding to s~i~t iniury 

Table 2, giving the ratios of injuries in the lighter vehicles , 
to those in the heavier vehicles. 

Differences between Tables 2 and 3 are mainly in the 
category- of slight injuries, for which the ratios in Table 
3 are considerably higher, that is, the effect of mass ratio 
in reducing slight injuries in the heavier car is much 
greater than was stated in Table 2, calculated from the 
overall percentages of injury. The difference is greatest s~riou~ injury 

................ for collisions with commercial vehicles, o ® 

.......... The two pairs of tables are in agreement in showing 
that mass ratio has its greatest effect in fatal and its least 
effect in slight accidents, but Table 3 indicates that its                             (a) Rur,~ 
effect is considerable even in slight accidents. 

100     ~    i     ~ 

Intersection Accidents 

In the sample of accidents analysed in this paper in- 
s0 - 

~ No injury 

tersection accidents were about three times as common Slight iniury 

as head-on accidents in urban areas (but only twice among " , , 
fatal and serious accidents), and about half as common 
in rural areas (rather less among fatal and serious acci- ~g ~o - 

" 

dents, rather more among the slights). 
In head-on collisions the two colliding vehicles expe- 

~ rience the same kind of impact, a frontal impact in which 40 
the main components of the forces acting on both vehicles 
are nearly always approximately parallel to the long axes 

~ of the vehicles. In an intersection collision, however, the 2o - 
striking vehicle experiences aan impact mainlYto frontal impaCt,vehicle.and 

.- ~                         -, the struck vehicle the side of the 
~A . - - ~’~~ Either or both vehicles may have an appreciable rotational 0 

velocity after impact, as determined by the direction and 0 0.20 0.40 0.60 0.80 Lo 
M2 magnitude of their velocities at impact, the positions of 

MI+M~ 
the contact areas on the two vehicles, and their dimensions 

Velocity change as proportion of relative velocity at impact 
and masses. The dynamics of intersection collisions have 

(b) Urban areas 
been described by several authors (Grime and Jones, 1969- 
70; Emori and Tani, 1970; Bekiroglu, 1975). Data from Figure 5. Percentages of drivers injured in intersection col~ 
police records in 3 areas of Britain suggest that the typical lisions versus velocity change. 
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nisms of injury prc<luction, but unfortunately this was Table 5 has been constructed from Figures 5 and 6 giving 

not l~ossible from the recorded information. American the ratios of the percentages of injury in the lighter ve- 

studies (McHenry et el., 1977) indicate that, for equal hicles to those in the heavier ones. As in head-on colli- 

velocity changes, the occupants of struck cars are more sions, the accuracy of the results for deaths is severely 

likely to be seriously injured than those in the striking limited by the comparatively small number of fatal col- 

cars. This has to be remembered when considering the lisions. 

analysis of intersection accidents presented in the follow- Mass ratio has at least as great an influence on the 

ing tables and figures, ratios of serious and slight injuries in intersection as in 

Tables 4a and b give the percentages of the various head.on collisions, but deaths do not appear to be affected 

degrees of injury as influenced by mass ratio for rural to the same extent. Calculations were also made of injuries 

and urban intersection collisions, and Figures 5a and b, per impact in fatal, serious, and slight intersection acci- 

and Figure 6 express the sanae results in graphical form. dents. The results are given in Figures 7 and the derived 

Table 4a. Percentages of drivers classified into each of the four categories of injury, according to the mass ratio of the 
vehicles involved (intersection accidents in rural areas). 

Percentages of drivers 

Mass ratio                         Serious         Slight                 Number of 

___(lighter_~iheavier) Deaths injuries injuries Uninjured collisions 

0.00-0.04 H* 0.0 0.0 4.6 95.5 

L 9.1 45.5 45.4 0.0 22 

0.05-0.09 H 0.0 2.2 6.6 91.2 

L 6.4 38.0 52.7 2.8 808 

0.10-0.14 H 0.2 1.8 6.4 91.6 

L 5.2 39.2 52.6 3.0 595 

0.15-0.19 H 0.0 2.7 10.2 87.1 

L 4.5 31.1 60.6 3.8 264 

0.20-0.24 H 0.0 1.9 17.1 81.0 

L 2.9 25.7 67.6 3.8 105 

0.25-0.29 H 0.0 7.4 24.8 67.8 

L 0.7 34.2 54.4 10.7 149 

0.30-0.34 H 0.8 7.5 24.1 67.7 

L 1.5 25.6 60.2 12.8 133 

0.35-0.39 H 0.0 14.4 24.0 61.7 

L 3.6 27.5 55.7 13.2 !67 

0.40-0.44 H 0.5 ! 0.2 22.0 67.3 

L 2.4 28.8 58.5 10.2 205 

0.45-0.49 H 0.0 9.7 30.8 59.4 

L 1.6 23.6 56.9 17.9 318 

0.50-0.54 H 0.5 13.9 28.5 57.1 

L 2.1 29.0 52.4 16.5 431 

0.55-0.59 H 1.0 9.4 29.4 60.3 

L 2.6 26.1 55.5 15.8 310 

0.60-0.64 H 1.0 10.1 30.0 59.0 

L 1.5 28.7 55.2 14.6 536 

0.65-0.69 H 0.8 11.8 36.6 50.8 

L 1.9 22.4 54.7 21.0 897 

0.70-0.74 H 0.7 12.8 33.5 53.0 

L 1.3 23.1 56.7 18.9 689 

0.75-0.79 H 0.1 15.6 35.3 48.9 

L 1.5 26.8 51.2 20.5 787 

0.80-0.84 H 0.8 13.2 39.6 46.5 

L 1.5 19.9 54.5 24.0 783 

0.85-0.89 H 0.9 16.4 42.6 40.1 

L 1.2 24.4 49.9 24.6 1018 

0°90-0.94 H 0.7 17.9 42.5 38.9 

L 0.7 27.7 45.6 26.0 866 

0.95-0.99 H 1.3 19.9 46.4 32.4 

L 0.7 20.9 44.5 33.9 1009 

1.00 0.9 19.0 46.3 33.8 1214 

Total 11306 

* H: drivers of the heavier vehicles, L: drivers of the lighter vehicles 
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Table 4b. Percentages of drivers classified into each of the four categories of injury, according to the mass ratio of the 
vehicles involved intersection accidents in urban areas). 

Percentages of drivers 

Mass ratio Serious Slight Number of 
(lighter/heavier) Deaths injuries injuries Uninjured collisions 

0.00-0.04 H* 0.0 0.0 4.7 95.3 
L 4.7 34.9 58.1 2.3 43 

0.05-0.09 H 0.1 0.7 6.6 92.7 
L 3.0 24.6 69.0 3.4 1975 

0.10-0.14 H 0.2 0.9 7.1 91.8 
L 2.6 26.4 67.2 3.8 1286 

0.15-0.19 H 0.2 0.9 10.1 88.8 
L 1.3 23.1 70.3 5.4 555 

0.20-0.24 H 0.0 1.9 16.7 81.4 
L 0.9 22.1 68.8 8.2 317 

0.25-0.29 H 0.2 3.9 22.4 73.4 
L 0.7 20.1 68.8 10.4 433 

0.30-0.34 H 0.3 4.3 22.9 72.5 
L 0.3 21.7 64.6 13.3 345 

0.35-0.39 H 0.0 4.1 29.9 65.9 
L 0.2 14.6 68.6 16.t3 458 

0.40-0.44 H 0.0 5.6 23.3 71.7 
L 1.3 15.9 66.4 16.4 536 

0.45-0.49 H 0.1 5.3 30.9 63.7 
L 0.4 13.5 66.4 19.7 1026 

0.50-0.54 H 0.1 5.7 28.9 65.3 
L 0.3 16.3 65.4 18.1 1172 

0.55-0.59 H 0.0 5.9 30.7 63.4 
L 0.6 18.6 62.5 18.4 899 

0.60-0.64 H 0.1 4.4 27.0 68.5 
L 0.5 15.8 68.4 15.2 1849 

0.65-0.69 H 0.1 6.4 35.2 58.3 
L 0.2 12.3 64.8 22.7 2873 

0.70-0.74 H 0.1 5.3 36.1 58.5 
L 0.2 13.3 65.3 21.2 2287 

0.75-0.79 H 0.2 6.4 40.4 53.0 
L 0.2 13.2 60.6 26.0 2612 

0.80-0.84 H 0.1 7.1 42.6 50.1 
L 0.3 11.9 62.2 25.6 2850 

0.85-0.89 H 0.1 6.8 46.3 46.9 
L 0.2 10.6 59.9 29.4 32313 

0.90-0.94 H 0.2 7.9 46.3 45.5 
L 0.2 10.5 59.7 29.5 2852 

0.95-0.99 H 0.1 8.7 50.6 40.5 
L 0.1 8.3 55.3 36.2 3376 

1.00 0.2 8.4 54.3 37.0 3752 

Total 34732 

*H: drivers of heavier vehicles, L: drivers of lighter vehicles 

Table 6. The curves in Figures 7 could not be placed as weights, and as a result they experience collisions at a 

accurately as was possible for those drawn to represent large number of mass ratios. The resulting percentages 

head-on collisions. This is particularly noticeable at the of the various levels of injury are determined mainly by 

ends of the curves, where the numbers were small so that (i) the number of vehicles in each weight class, and (ii) 

differences in probabilities of injury between the striking the relative velocities at impact. As we have already seen, 
and struck cars might have a pronounced influence, the relative velocities at impact will be lower in urban 

than in rural areas, and lower in intersection than in head- 
SEVERITY OF DRIVER INJURY RELATED on collisions. 
TO VEHICLE MASS Figures 8 and 9 give the percentages of the levels of 

injury as functions of weight, and as expected, the per- 

Two-Vehicle Acciderits centages of all injuries are highest for light cars and lowest 

Vehicles falling within a particular range of weight at for heavy commercial vehicles. (Table 7 gives a key to 

one time or another collide with vehicles of all other the weight codes in Figures 8 and 9: some further group- 
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Table 5. Ratios of number of driver injuries in lighter vehicles to number in heavier vehicles in intersection collisions of all 
severities taken together (from Figures 5 and 6). 

Deaths Serious injuries Slight injuries 
Ratio of the masses 

of the vehicles Rural Urban Rural Urban Rt Urban 

1.0 1.0 1.0 1.0 1.0 1 1.0 

1.5 2.5 3.2 2.t 2.3 1 1.9 

2.0 5.0 -- 3.6 4.1 2 2.6 

3.0 ! 2.5 -- 6.2 6.7 3 3.6 

4.0 37 -- 8.5 -- 3.7 4.5 

5.0 -- -- 14.2 -- 4 5.3 

6.0 ..... 

9.0 ...... 

ing was made for Figure 9). The largest differences be- 

Table 6. Ratios of number of driver injuries in lighter vehicles tween the percentages in the different kinds of accident 
to number in heavier vehicles in intersection colli~ are found in Figure 9 for deaths; tbr example, the per- 
sions of different severities (from Figure 7). centages of deaths in cars in rural head-on collisions are 

Serious Slight about 14 times those for cars in urban intersection aco 
Ratio of the Deaths in injuries injuries cidents. For serious injuries the corresponding ratio is 
masses of fatal in serious in slight about 4. 

the vehicles collisions collisions collisions 
As mentioned in the Introduction, data from America 

1.0          1,0          1.0         1.0 suggest that greater injury occurs in smaller cars even 
1.5 2.2 2.2 2.0 when allowance is made for the effect of mass ratio. To 
2.0 3.6 3.4 2.8 see whether this is so in British conditions, data were 
3.0 6.1 4.5 obtained on degree of injury related to mass of vehicle 
4.0 9.4 5.7 (a) in two-vehicle accidents in which the mass of the 

5 13.6 7.7 lighter vehicle was at least 90 per cent of the mass of the 

Table 7. Weight codes used in Figure 8. 
Mass of other vehicle/mass of own vehicle 

0,I 0,25 0.5 1.0 2,0 4.0 10.0 Vehicle weights 
1 ~ ~ ~ ~ 

(tens of Ibs) Weight code 
Heavier vehicle Lighter vehicle 80" 150 1 

!51- 160 2 

161- 170 3 

171- 180 4 

181- 190 5 

191- 200 6 

Rural 201- 225 7 

226- 250 8 

Urban 251- 275 9 

276- 300 10 

301- 350 11 

351- 400 !2 
o 401- 600 13 

® 

601- 800 14 
0 0.20 0.40 0.60 0.80 1.0 

801-1000 15 
M2 

~ 1001-1500 16 

Ve!ocity change as proportion of relative velocity at impact 1501o2000 17" 

2OO 1 °3OOO 18 

Figure 6. Driver deaths in intersection collisions. Includes all PSV’s 
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1.O 

0     0.2    0.4    0.6 0.8 1.0 
I~2 80 

M1 + M2 
6O 

~ OA Figure 8. Severity of driver =nju~ versus weight of vehicle 

~ e driven in collisions with vehicles of a~ other 
_~ weights in 1969-1972. 

~ 0.2 ~ Nural 

~ 0 ~rban 

0    0.2    0.4    0.6 0.8 1.0 

M2 
M1 + M2 

(b) in serious ~llisions 

~ 0.6 

~ 0.4 

0     0.2     0.4M1M2+ M20"6     0.8    1.0                      ~.0 

Velocity change as proportion of relative velocity at impact 

(c) In slight collisions 

Figure g. Percentages o~ drivers 

Figure 7. Driver injuries per impact in intersection collisions vehicle driven in 
versus veloci~ change, weights in 1 g69-1 
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Table 8a. Effect of mass on severity of driver injury in single-vehicle overturning accidents in rural areas. 

Per- 

Fatal Totals No cent 

Per- Per- 

Weight (Ib) Serious Slight No Percent cent No No cent 

800-1700 93 1.7 1780 31.5 3767 66.7 5640 100 

1700-2000 175 2.17 2644 32.8 5234 65.0 8053 100 

2000-2500 77 3.02 845 33.1 1631 63.9 2553 100 

2500-3000 52 2.79 647 34.7 1167 62.5 1866 100 

3000-4000 30 3.25 320 34.6 574 62.1 924 100 

4000-8000 14 2.2 193 29.9 438 67.9 645 100 

8000-30000 56 3.9 360 24.8 1034 71.3 1450 100 

2.35 6789 32.1 13845 65.5 21131 100 
. A.!! ~e!~h~s 498 , 

Table 8b. Effect of mass on severity of driver injury in single-vehicle non-overturning accidents in rura~ areas. 

Per- 
Fatal Totals No cent 

Per- Per- Per- 
Weight (Ib) Serious Slight No cent cent No No cent 

800-1700 123 2.0 2180 36.2 3711 61.7 6014 i 100 

1700-2000 239 2.5 3611 37.1 5883 60.4 9733 i 100 

2000-2500 105 3.3 1176 37.0 1897 59,7 3178 100 

2500-3000 61 2.4 910 36,4 1529 61.2 2500 100 
3000-4000 33 2.8 450 38.3 691 58.9 1174 100 

4000-8000 14 2.4 209 36.2 355 61.4 578 100 

8000-30000 40 2.3 462 27.0 1206 70.6 1708 100 

.... All weights        615       2.47      8998     36.16 15272     61.37 24885       100 

Table 8c. Effect of mass on severity of driver injury in single-vehicle overturning accidents in urban areas. 

Per- 
Fatal Totals No cent 

Per- Per- Per- 

Weight (Ib) Serious Slight No cent cent No No cent 

800-1700 19 1.1 391 23.0 1289 75.9 1699 100 
1700-2000 24 1.4 459 26.6 1243 72.0 1725 100 

2000-2500 19 2.8 178 26.7 469 70.4 666 100 
2500-3000 11 2.0 157 29.2 369 68.7 537 100 

3000-4000 6 2.0 72 24.2 220 73.8 298 100 

4000-8000 6 3.2 38 20.0 146 76.8 190 100 

8000-30000 12 2.6 97 21.2 350 76.3 459 100 

A!I we!ghts, . 97 1.74 1392 25.0 4086 73.3 5575 100 

Table 8d. Effect of mass on severity of driver injury in single-vehicle non-overturning accidents in urban areas. 

Per- 
Fatal Totals No cent 

Per- Per- Per- 

_ Weight (Ib) Serious Slight No cent cent No No cent 

800-1700 100 1.4 2248 30.8 4951 67.8 7299 100 
1700-2000 209 1.8 3623 31.5 7661 66.7 11493 100 
2000-2500 100 2.2 1364 29.4 3169 68.4 4633 100 
2500-3000 71 2.2 951 29.8 2173 68.0 3195 100 
3000-4000 24 1.8 377 28.0 944 70.2 1345 100 
4000-8000 9 1.4 185 28.9 447 69.7 641 100 
8000-30000 31 2.0 332 21.2 1201 76.8 1564 100 

All wei~lhts 544 1.80 9080 30.10 20546 68.10 30170 100 
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heavier vehicle, and (b) in single’vehicle accidents. Results      ’ 

from (b) are given in the next section. 

In the original paper (Grime and Hutchinson, 1979), 
~9 ~9~#,# _~_~ the results of (a) were presented in four separate diagrams, 

lo0 --"i illustrating the results of head-on and intersection acci- 
dents in urban and rural areas. In each case for serious 80 - 

and slight injuries, over the range of weights up to 6000 
lb (2730 kg) there was practically no effect of vehicle ~ 

60 - 

mass once mass ratio had been accounted for. However, 8 -. "[ ........ "~---~ No injury 

in these plots, although the weight classes were combined      ~ 40 -    ~ _ ~ Slight 
q Deaths x 10 

............. so that there were at least 100 accidents in each weight 20- 

f 7.’. .-.’.-. -" ---- -"-." "- T- " - "] Ser,ous group---200 possible casualties--the number of deaths 
00 

I1/ ~ ¯ 

were small, particularly in intersection accidents. To ob- 2000 4000 6000 

tain more meaningful figures for deaths, the results are Kerb weight (Ib) 

therefore presented, here in three Figures 10a, b and c (a) Head-on- combined urban end rura~ 

the first two being the combined results for urban and 
rural areas for head-on and intersection accidents re- 
spectively and the third Figure 10c--giving the combined 1 10 

data for head-on and intersection accidents in both rural ~0 
and urban areas. These diagrams confirm the results pre- 

No injury 
viously described and show that for deaths also there is 10 __/ Deaths x 100 

....... practically no effect of vehicle mass alone. There is how- .’" 
.......... ever a tendency for the percentages of deaths to increase 

~0 
~ Slight 

when commercial vehicles collide.                              !0 
Serious 

o 2000  ooo 60oo 
Single Vehicle Accidents Kerb weight (Ib) 

...... In single vehicle accidents there is, of course, no effect (b) Intersection -- combined urban and turn! 

of mass ratio, but the data were examined to see whether 
the mass (weight) of the vehicle influenced the percentages 60 
of the various levels of injury. No reliance could be placed _ 
on the recorded percentages of uninjured drivers, and so 50 No injury 
the results were expressed in terms of percentages of all 
injuries. 40 

For the purpose of this study, single vehicle accidents 30 
~ -- ~ Slight 

have been divided into overturning accidents and non- 
overturning accidents. A small proportion of the over’ 20 Deaths x 10 
turning accidents occur after impact with a fixed object, Serious 

but most occur without any such impact except perhaps ~o - 
. ............................ 

with a kerb; most non-overturning accidents are head-on 0 
impacts with fixed objects, but a few are side impacts. 0 2000    4000 6000 

Tables 8a, b, c and d show that the influence of mass Kerb weight (Ib) 
alone on the percentages of the various levels of injury is 

(c) Combined head-on and intersection (urban and rural) _ 
probably small, both in overturning and non-overturning 
accidents. There is an indication however, that in non- Figure 10. Drivers’ injuries versus vehicle mass in collisions 
overturning accidents, the drivers of the heaviest vehicles between vehicles of approximately equal mass. 
are less likely to be seriously or fatally injured than are 
the drivers of cars and lighter commercial vehicles. 

As with head-on and intersection collisions, all results 
for the different types of single vehicle accidents have CONCLUDING REMARKS 
been combined in Figure 11, so that the numbers of deaths 
in all weight classes are high enough for reliable results. The large effect of mass ratio in injury accidents has 
Again it is found that vehicle mass alone has very little been illustrated in the preceding sections. It is also of 

influence on severity of injury, although the lighter cars interest to examine its influence, not only on the per- 

would appear to have lower percentages of deaths, centages of injury" in each of the two colliding vehicles, 
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on which this paper was based and for access to national 
accident records. 

8000 ~30 000 
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Eva uation of a Method for Determining the Velocity Change in Traffic 
Accidents 

ANNA NILSSON-EHLE, HANS NORIN Volvo has a combination of multidisciplinary and s~a- 

CHRISTER GUSTAFSSON tistical accident investigation (1)o In this way we obtain 

Automotive Safety Centre both an overall representative picture of the whole traffic 

Volvo Car Corporation accident problem area and a deep insight into the specific 
vehicle behaviour and occupant injury mechanisms in a 
collision. This combination is illustrated in l~igure 1. 

ABSTRACT The multidisciplinary accident investigation includes 
cases where our investigation team is directly called to 

An important parameter in the statistical evaluation of the scene of the accident by the police or the 
automobile accidents is the velocity change of the vehicle, alarmcentre. 
The objective of this paper is to describe and evaluate a At the scene of accident all data are recorded by means 
method for determining this parameter, in frontal colli- of interviews, photos and measurements. This documen- 
sions, in such a way that a reliable analysis of the Volvo tation is [ollowed by a thorough analysis of the crash 
accident material is achieved, behaviour of the vehicle at a Volvo garage. 

The paper begins by describing the general development Through this analysis we obtain knowledge of the event 
from classifying accidents by the CDC-system to classi- of the accident, the collision objec[ and the vehicle 
fication based on determination of velocity change DV. formations. Together with the injury pattern of the oc- 
Thereafter the early VOLVO DV calculationsbased on cupants in the vehicle we can get a very good picture of 
the Campbell method are explained and some draw- the accident. 
backs with this method are shown. The paper then pro- 

poses a more sophisticated method for calculating DV. 
The ability of different methods to calculate correct 

velocity changes is compared in a few, well recorded, TECHNICAL"~ 
laboratory tests and traffic accidents. This comparison is QUALITY 

a basis for an evaluation of the reliability of the proposed 
Volvo method. The influence of inaccuracy in the param- 
eters in the model is discussed. 

The paper then summarizes benefits of this method and 
suggests further activities in this field. 

INTRODUCTION 

The Volvo Accident Research System 

To get a good knowledge of the crash behaviour of cars 
in the real traffic environment it is necessary to have a Figure 1. A schematic picture of the system for accident 
good trat~c accident investigation system, investigation. 
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The possibility to establish different characteristics of eter used for sorting accidents according to severity. But 

the accident, such as irnpact speed, forces acting on the this has to be done with great carefulness. Only cars that 

occupants, is relatively good for these accidents, have experienced not only the same general accident type, 

The accidents investigated within the mulfidisciplinary e.g., frontal collision, but also the same distribution of 

system represent a limited amount of accidents. Our aim damage and the same collision object may be compared. 

is to create the necessary conditions for establishing the Due to the restrictions in the comparison of accidents 

characteristics mentioned above also for a large accident with the extent of deformation as parameter, even a large 

material, accident material has to be broken down into several small 
In our statistical accident investigation we record data homogeneous groups suitable for analysis. This makes the 

front about 2000 of the most severe acciden s each year. statistical uncertainty of the results unnecessarily large. 

The selection criterion is that the deformation is large It is not possible at all, to include different car models 
and the vehicle is relatively new. in a CDC-based analysis. For the evaluation of the ac- 

With the aid of the damage inspectors of Volvo’s in- cident material there is a need of a better parameter than 

surance company, VOLVIA, we get a recording of the "extent of deformation" as a measure of accident severity. 

vehicle deformation, documented through photos and cer- For a car manufacturer it is obvious that the conse- 
rain measurements. Additional information on the acci- quences for an occupant in a traffic accident depends on 

dent is obtained through responses to a questionnaire sent the whole course of deceleration of the vehicle. Thus 
to the bccupants in the car, through injury information during the engineering of a new car the restraint system 

from hospitals and through police investigation reports, is matched to the specific deceleration characteristics of 
With these data as a basis the vehicle deformation is the vehicle. 

coded according to the CDC-system (2)(as described Also for the in-depth investigation of an accident it 
later) and the occupant injuries are coded according to may be important to be able to reproduce the complete 

the AIS-scale (3). deceleration history of the vehicle. Through this it is 

All information is computer stored and can be analysed possible to obtain a good understanding of the occupant 

with respect to all input parameters, injuries and their injuries mechanisms. 

As of now we have more than 12,000 severe accidents, Accident reconstruction can be made mathematically, 

with data on about 20,000 occupants, available for anal- experimentally or as a combination of both. Mathemat- 
ysis. ically, computer programs like SMAC (4) can be used 

but many investigation teams have their own simulation 

Deformation Classification 
programs. Volvo has worked somewhat with mathemat- 
ical simulation of accidents but rarely with experimental 

As mentioned earlier the car deformation is classified accident reconstruction. 
according to the CDC-system which has been agreed on An attractive alternative for the in-depth investigations 
internationally (2). CDC means Collision Deformation is to equip cars with so-called crashrecorders--acceler, 
Classification and is specified by SAE J 224B. This clas- ometers that continuously record the motion of the ve- 
sification includes direction of force, area of damage, type hicle. As of yet there are no crashrecorders cheap enough 
of distribution and extent of deformation. The deforma- to fit as a standard equipment: There are however groups 
tion is given as a discrete variable, VDI. An example of of cars, parts of research projects, that have been equipped 
CDC-codificafion is given in Figure 2. with crashrecorders. They have then at the same time, 

The CDC system gives a systematic recording of the been equipped with, e.g., an experimental restraint system. 
remaining deformation and as long as~ca The need of data for the statistical accident analysis is 
is analysed, the extent of deformation can be the param- different from the need for the in-depth study. Where the 

in-depth study maps every detail and demonstrates the 
uniqueness of each accident, the statistical study is doing 
an analysis based on common characteristics for different 

CDC: "~ 2 ~EW 
accidents. The complex deceleration of the vehicle must 

~/D|: ~5 
be expressed in one or a few parameters. Each such pa- 
rameter chosen will then have its limitations, of which 
the statistician must be aware, 

CDC: 12 FDI~N THE DV PARAMETER 

MDI: 35 Theory 
Due to the problems connected with CDC-based anal- 

Figure 2. A typical CDC-codification of a Volvo car. ysis, there has lately been a change, worldwide, towards 
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the use of another parameter which measures severity. 
This parameter is the velocity change of the vehicle in 

the accident, DV. CDC: 
This parameter must also be connected to a direction VD|." 

of force. Accidents with the same general direction of ~V: ~5 
force may be analysed together. The following parts of 
this paper deal with frontal accidents with a direction of 
force not deviating more than 30° from the longitudinal 
axis of the vehicle. CDC: 

The velocity change can be calculated for two bodies V~: 
engaged in a plastic impact. The formula is 

~V: 25 

Example of different deformations giving the same m1 Vl + m2 V2 
~V’~ 

where AV is the velocity change of vehicle 1 
V,, V2 are the involved vehicles impact speed Determination of DV 

M1, M~ are the involved vehicle masses. 
DV is determined in several ways, depending on the 

general system of investigation chosen by a certain 
DV is thus something different from impact speed, and vestigation ~eam. 

it depends on the impact speeds and masses of the vehicles. Some investigation teams make estimations of DV 
To be able to determine DV in accidents there must be based on an extensive recording of post-crash data, such 
a possibility to calculate DV from postcrash instead of as measuremem of the involved vehicles, braking marks, 
precrash data. skid marks, final positions, interviews with witnesses° e~c. 

This requires a great amount of data but is nevertheless 
a judgment whose reliability is dependent on the expe- 

The Motive for Choosing DV rience of the investigators. This type of data can also be 

The violence to the occupant can be described in terms processed by mathematical collision simulation programs. 

of the v~y and the rate of vel~~ge, There have been several developments of such data 

the deceleration. The change of velocity ~s the same for models. Calspan Corporation has, on contrac~ for 

both vehicle and occupant but the occupant deceleration NHTSA, made the CRASH program, which later has 

depends on the coupling of the occupant to the corn- been revised to CRASH I1 and CRASH 

partment. One way to gain experience is m perform a large 

The compartment deceleration is of course dependent amount of various collisions in the laboratory. By corn- 

on the deformation characteristics of the car. Different parison between accident and laboratory results a barrier 

vehicles can have different maximum deceleration and equivalent speed can be estimated for the accidents. 

mean deceleration although they have the same DV = This method can be used together with reconstructions 

velocity change, of actual collisions, thus "validating" the technique of 

That DV is a suitable measurement of violence can be the investigators. 

understood because the kinetic energy of the occupant Campbell shows in his SAE paper of 1974 (9) that 

during the crash is a function of DV and this energy has there is a linear relationship between barrier ~mpact speed 

to be absorbed by a restraint system, and remaining deformation. His statement is based on 

DV can be the same for a lot of different deformations, barrier collisions with GM full size cars and Chevrolet 

By DV, accidents with different deformation patterns can Vegas. 

be analysed together. An example of this is given in From this Figure 4 the kinetic energy (mv~ required 
Figure 3. \2] 

It has been shown in different studies (5, 6, 11) that to create a certain remaining deformation can be derived. 
estimated barrier equivalent speed has an outstandingly Furthermore the energy needed to create an incremen- 
high correlation to occupant injury severity. This shows tal increase of crush could be determined. Campbell 
that DV is highly suitable as the accident severity param- makes the assumption that energy absorption is the same 
eter although it is not the total answer to the problem, over the entire width and height of the front, and arrives 
The mean and peak deceleration during impact is of im- at a description of the car front, as shown in Figure 5. 
portance (12) and should be taken into account, for in- When the energy to create a certain deformation is 
stance, when different car sizes are compared, known DV is calculated as 
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"~VA = M~Ms                                 z~- z= ~u~ s~z~ c.~v.o~ 
12 O’CLOCK DIRECTION OF FORCE 

> 25 % CONTACT 
E = Absorbed energy W =4500 # 

M = Vehicle mass 

VOLVO’S FIRST APPROACH 

Volvo had some specific requirements on the DV cal- 
culation method to be the successor of, or complement 
to the CDC system. 

~nly postcrash should be required 
~e data needed as input should be collected quickly 

and reliably 
~The data collection should not require long experi- 

ence 
Figure 5. The energy description of a full size Chevrolet 72- 

~The computation of DV should be quick and easy 73 (from Campbell). 
to handle 

~It should not of the scene of the require inspection 

accident ~The model was said to work even when as little as 
25% of the width of the vehicle is involved. 

The high emphasis on simplicity is due to the aim of 
using this system for all severe frontal accidents involving 

~The computation of DV could easily be peffo~ed 

Volvo cars occurring in Sweden, most of wNch we never 
by "easy to handle" computer programs. 

get the possibility to study in detail. Plots of impact speed versus residual crash from full 

A su~ey was made of different possible DV calculation frontal ba~er tests showed that the Volvo models, 2~ 
methods. We found the method desc~bed by Campbell 
very interesting. It seemed to suit us well because 

~The only data needed from an accident is the car 
model, car weight and damage pattern. 

_         ~. _ _ 14.8 KJ_~_ 
~The registration of force-deflection characteNstics is ~ 8,0 KJ 20 

easily obtainff~le for Volvo models and hopefully 16.0 KJ ~ -30 possible to establish with other cars~ perhaps with - 
20.0 KJ~ ~ 40 somewhat less accuracy. - - 

’ 24.4 KJ ~ 50 . ~ 28.4 KJ ~ 60 

! 

32"8KJ 
~ 7040.8 KJ V =3.0 + 1.35 (Crush) 36.8 KJ 80 w = 2soo # " so-          / 

45.2 KJ             "1 O0 so- / 

~ 30-- 

/ ~ 20-- 

~ 10 

o’, I 1 1 1 I 
O 10 20 30 40 50 60 

RESIDUAL CROSH, inches 

Figure 4. The crush VS impact line (from Campbell). Figure 6. Energy absorption pa~ern for the Volvo 240. 
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and 760, have linear characteristics. This statement is than choosing a new approach to the DV problem. Camp- 
discussed later in the paper, bell himself (9) and Opel Co (10) have also written about 

The energy absorbed per unit of crush in the front was these restrictions. 
calculated. The Campbell assumption of even distribution 
of energy absorption over the width and height of the car IMPROVEMENTS AND MODIFICATIONS 
was applied, and gave for the 240 car a frontal energy 
absorption pattern shown in Figure 6. 

Firstly, we more thoroughly penetrated the statement 
A package of computer programs was assembled to that there is a linear relationship between velocity and 

facilitate calculation of DV. 
........ The energy matrix for any car is stored together with 

remaining deformation. 

.......... important data for that car, the length, the width, the 
Generally, the force F as function of deformation depth 

curbweight and a few other things. The energy matrix 
X, can be written 

for a car is calculated, if the equation of the line in the F(X) = K 
crush versus impact speed diagram is given, 

where K and n are constants. 
When a DV is to be computed the program first asks 

For an ideal plastic impact we find that 
for the type of car involved and fetches the stored data, 
including the energy matrix, for this car. 

The deformation pattern is then asked for. It is given 1 
c 

= Xn K 
as aa-a arbitrary number of coordinate pairs, the amount -mVo 
is decided by the investigator and depends on the com- 2 n+ 1 

plexity of the deformation pattern. Alternative patterns 
........ can be given. Based on the deformation pattern the ab, 

.......... sorbed energy is calculated, where 

To do the DV calculation according to the Campbell 
formula the characteristics of the various collision objects m = the weight of the vehicle 

must be known. Vo = the impact speed 

The investigator can choose amongst three main types c = crush distance 
........... of collision objects. When n = 1 we have a linear relationship between Vo 

~f~K 

1. Fixed rigid body --barrier and C . Vo = c 
--rock 
--pole, tree If 1 < n < ~ the force F (X) is described by the 

2. Moveable rigid body --truck family of characteristics in Figure 
3. Moveable deformable body--car All these characteristics describe processes with differ- 

ent degrees of deformation hardening. 

When the collision object is another car there will be Barrier forces registered during tests indicate that n 

a new loop of energy absorption calculation before the slightly greater than 1 could be possible, but as not enough 

DV is computed, tests have been carried out to prove it either way, the 

When DV is computed and the investigator has decided linearity seems to be an acceptable approximation of the 

on which alternative result to choose, this can be stored relationship between velocity and deformation. 

together with all other computer-stored information on From the straight line in the crush versus velocity 

that particular accident, diagram the energy needed to create a certain deformation 

The application of this system to some selected traffic can be calculated. 

accidents soon showed that it had some major drawbacks 
which had to be dealt with 

--The assumption that energy absorption was fairly F Dv 

even over the width of the car was not valid. 
--Accidents involving poles had to be related to the 

actual packing of the engine compartment. 
mSeveral of the distributed frontal collisions are partial 

underrides--a situation that doesn’t engage the side 
members over the entire deformation phase. 

As the existing method seemed to give good results in ~ x ~ c 

distributed frontal collisions where there was no underride 
it was decided to improve the Campbell method rather Figure 7. F (x) and DV (c) for different values of n. 
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F~gure 8. Comparison of energy vs. crush calculated in ~o                                          -~ 
d~fferent ways. 

As a rule, energy as a function of derogation distance 
is always established in the full frontal barder tests carried 
out in our laboratory. This is calculated by integration 
of the resultant gorce from the barder. 

~e energy as a function of dis~nce thus calculated Figure 10. Energy distribution in the 240 front. 
(A) is in accordance with the energy versus distance cur~e 
we get from the "crush line" (B). This is shown in 
Figure 8. b) To ardve at the energy abso~tion when underdde 

By this comparison we are convinced that the Campbell occurs. 
methc~ is valid for distributed collisions engaging the 
whole front. From barrier forces recorded in full barder 0~ tests, the 

The improvement should thus be based on the crush energy distribution over the width as a function of de- 
versus velocity characteristics, but with a ceAain care- fo~ation distance was calculated. 
fulness in the low-speed part of the diagram (Figure 9)1 It was shown that Volvo cars, with their symmetrical 

The improvement was made along two parallel lines, side members and longitudinal enone, are well repre- 
sented by three segments with the outer pa~s of the 

a) To a~ve at a g~tter representation of the energy 
fenders being completely neglected. 

distdbution over the width of the car A typical distdbution, for a 2~, with the energy as a 
percentage of the total energy absorbed in that crush 
increment, is illustrated in Figure 10. It can be seen how 

~NPACT ~ 
the energy distribution alters when different pa~s in the 

8pE~D 7~ engine compa~ment are engaged. 
A similar analysis of full barrier tests can be peffo~ed 

to give the distribution of energy widthwise, in a plane 
above the side members. 

It should be observed, however, that this only gives the 
distribution when the whole front is engaged as by the 
full barrier, and it cannot be used for the calculation o£ 
energy abso~tion when there has been a pa~ial defor- 
mation of the front. 

The next step was to analyse laboratory crashes not 
involving the whole front. This was done using half-bar- 

.......... " rier tests, both ve~ical and horizontal, and impacts with 

RESIDUAL poles. 
CR~SH In the case both of the ho~zontal half bar~er and 

impact with the pole between the side members, it can 
FNure 9. Crush vs. impact speed for the Volvo 240, 760. be seen that the reduction i~ speed is low until the engine 
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absorbed by the same segment in a full barrier impact. 
V (m/S) This is due to the energy needed to create the separation 

in the border zone between deformed and undeformed 

C~~O \ 

areas. This energy difference we call "separation energy". 
13.6 The separation energy is always present in a defor- 

mation with deformation borders parallel to the longi- 
tudinal axis of the car. It is a function of deformation 

C30~ 

distance, just as the energy absorption is. 

There is separation taking place also in the underride 
case, but as we only have two situations heightwise, either 
underride or total front engagement, it is practical to 
incorporate the separation energy in the upper energy 

~ 
matrix. 

An analysis as above can be and should be made for 
the deformation work in the front of every car model, 
including different engines. Each car will have its own 

........... 0.o  ............. S) characteristical matrix of the type shown in Figure 12. 

Figure 11. Typical V(t) curve for underride collision~ COMPARISON OF CASES 

has been pushed close to the fire wall (Figure 11). Every The evaluation of actual accidents has been performed 

............ collision type is "energy versus deformation" analysed, for accidents in which our investigation team has had a 

............ using the speed reduction as the input for the calculation good opportunity to gather information other than that 

of energy absorption, used for the DV calculation. In this way we try to establish 

The energy needed to deform a part of the front is then reference data for our DV-results. 

compared to the energy needed to achieve the same de- For some accidents we have chosen to make mathe- 

formation distance in a full barrier crash, matical simulations with the CRASH III program to 

........ In this way we find the relationship between the de- obtain a comparison with this. The calculations have been 

............. formation work needed to deform a part of the front when earned out by Prof Warner, Collision Engineering Inc. 

the whole front is simultaneously deformed and the de- who has experience of using the CRASH III program. 

formation work needed to deform the same part of the In Table 1, calculations of DV are presented, for each 

front when this part is the only part deformed, case the results for the Campbell method (A), our mod- 

In the case of impact with a pole between the side ified version (B) and the CRASH III (C) are shown. It 

............ members, the energy absorbed is greater than the energy is compared to the estimated velocity change or laboratory 
..... recording. 

The table shows that our modified version (B) provides 
a good correlation with what we have estimated to be the 

UPPER SEGMENTS LOWER SEGMENTS 

~,o cm true facts. In the laboratory tests the error is less than 

lo 6% although the deformation has been measured in the 
20 20 

3o same way as in the actual accidents. Other laborato~ 
40 tests performed, but not shown in Table 1, also give errors 
5o less than 6%. 

It is shown in Table 1, that tbr frontal distributed 
accidents without separation energy present, the Camp- 
bell method (A) and our modified version (B) give the 

SEPARATION SEPARATION 
ENERGY ENERGY same result, close to the "estimated DV". The CRASH 
E (x)kJ/cm E (x)kd/cm III (C) calculation gives values which are too high. 

For accidents against narrow obstacle, (A) gives a value 

which is too !ow, while CRASH III and (B) are close to 

~ each other and the "estimated DV,. In the underride 
cases (A) and (C) give varying results depending on the 

i / interpretation the investigator has made of the damage 
pattern. 

It is obvious that the modifications made to the Camp° 
bell method, nonuniform energy distribution widthwise 

Figure 12. Typical energy matrix, and heightwise and introduction of separation-energy, 
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Table 1. DV calculation for some selected accidents. 

DV km/h 

Obstacle CDC-Code est A B C 

1 Full barrier 0° (LAB) 48.3 48.8 47.8 m 
2 Full barrier 30° (LAB) 56.9 52.5 53.3 -- 
3 Walt 12 FDEW2 25 23 24 28 
4 Large stone 12 FLEW3 -- 26 26 33 
5 Half barrier 0° (LAB) 48.3 -- 48.8 m 
6 Large tree 01 FYEW3 -- 49 49 60 
7 Pole (LAB) 49.0 40.3 46.4 -- 
8 Pole 12 FCEN3 35 26 36 37 
9 Underdde (LAB) 49.0 -- 48.6 -- 

10 Underride, partial 12 FYMW3 35 33 37 38 
11 Car 340 (LAB) 44.6 43.6 43.’5 52.3 
12 Car 240 (LAB) 51.8 54.9 54.9 64.3 
13 Car 240 12 FYEW3 35 34 30 38 
14 Car 240 12 FYEW2 35 33 29 36 

should give these differences between DV calculated by counted as ~3 of his real weight. The gas tank is assumed 

(A) and (B) respectively, to be half filled. The CRASH III includes the total weight 
To understand the differences between (B) and (C) the of every occupant. 

CR_ASH III calculation must be explained. 
CRASH III computes DV from energy absorbed in the 

ACCURACY 
impact, using the formula 

With what accuracy can DV then be determined using 

f (AC Cl + C) 

.the modified model? The following is an attempt to es- 

E ~--- 1+ B 
2 

~ 
timate an overall error. This can no doubt be refined in 
future work. Let us assume that the DV computation of 

O laboratory impacts will give us the maximum possible 
accuracy for this method. 

where This gives us, as mentioned above, a minimum error 

li is the width increment engaged in the method, amounting to - 6%. 

C is the deformation distance 
A, B, G are constants typical for a certain vehicle 
The energy absorption is thus evenly distributed across 

the front, widthwise. PARAMETE~ 3 

A, B, and G can either be set by the operator of the 
program or found in the manual to the program, which WHEELBASE (~N) 101.6-]]0., 

gives a choice of 11 different stiffness classes, 5 of which TRACK (I N) 58.9 

are cars. This table is shown in Figure 13 and you can 
find the Volvo in class 3. From laboratory tests we find LENGXH (IN) ]96.2 

that the A, B, and G values in class 3 are considerably WIDTH (IN) 72.6 
higher than the actual values for the Volvo. 

It is now understandable that for accidents where the 
a (~ N) 51.3 

force has "been evenly distributed over the whole front, b (I N) 55.5 

the higher stiffness of the CRASH III, will give a higher 
x~ (t H) 89.8 

DV. 
In accidents with narrow obstacles the higher stiffness x~ (I N) -106. ~ 

may be balanced by the wrong assumption of an even 
Ys (IN) 36.3 

energy absorption widthwise, adding up to something of 
the right order. ~sQ (IN2) 3324, 

Slight differences between (B) and (C) are also due to M (LB-SEC2/IN) 9.18 
different weight calculations and damage interpretations~ CUrB WT (LBS) 3247. 

The weight of the car in (A) and (B) consists of curb 
weight plus passenger and cargo. The weight of unbelted Figure 13. Table of car stiffnesses used in the CRASH III 
occupants is not added and every belted occupant is program. 
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The sources of errors are doing the actual derivations. The maximum error arises 

A. inaccuracy in determining the speed versus crush 
when every measurement is erroneous in the same way, 

too high or too low. That situation actually indicates a 
line                                            systematic error which should be analyzed and elimi- 

...... B. inaccuracy in determining the deformation 
........ nated. However, when this is the case we can, from the 

--depthwise 
speed versus crush line, determine the error in energy due 

--widthwise 
to a certain error in the crush measurement. The maxi- 

--heightwise mum error in deformation measurements can be held 
C. inaccuracy in determining the mass of the vehicles below 10% in all our accident investigations thus giving 

involved a maximum relative error of 9% in the energy determi- 
D. inaccuracy in determining the energy absorption nation. 

characteristics of the other vehicle involved Step two is done by derivating the DV formula from 

Error B above may, in turn, be broken down into Figure 4 with respect to the variables, energy and mass. 

inaccuracy due to investigator inexperience, and inac- The simplest case is when the collision object is a rigid 

curacy due to complicated deformation patterns, i.e., low obstacle. 

quality of input data. 

DV DV 
The Maximum Error                        We get D (DV) = ~ ¯ DM + -~ ¯ DE 

The maximum error can be calculated by the equation 
The maximum relative error in DV can be calculated 

with the input from step one and the estimated maximum 

] 
relative error in mass determination of 50 kg in the case 

[~[8~ ]] 

vehicle. We find a maximum relative error amounting to 
DF max = +- DXj max 

11%. 
If the collision object is another car and not a fixed 

obstacle, the error in energy determination and mass es- 
timation for that car must also be calculated. For our 

where F(Xj) = dV(X~) selected accidents the other vehicle has also been a Volvo 

Thus DV is derived with regard to all its variables X~, where the errors are as discussed above. When the other 

and DXj is the estimated maximum error in that specific vehicle is of some other make, we will have to make 

variable, estimations of the energy absorption characteristics. At 

It is convenient to make the estimation of the maximum the best this could be done by assuming an even distri- 

error in two steps. Step one concerns the error in the bution of energy (as in the Campbell method) and base 

..... energy absorption determination of the case vehicle. This the straight line on data from a single standard compliance 

error can be estimated through an analysis of points A test. As is known from calculation in the CRASH pro- 

and B above. Step two concerns the error in the calcu- gram, this error can be quite large. 

lation of DV based on the knowledge from step one and 
the error contributions from points C and D above. The Plausible Error 

Thus, step one is performed as follows. The maximum 

error in the energy absorption depends on error sources Hopefully, the maximum errors are not always adding 

A and B. Source A, the inaccuracy in determining the up to their worst combination. If the errors are not sys- 

speed versus crush line, depends in its turn on the infor- tematic but random we can instead of adding the maxi- 
mum error calculate the root-mean-square-value, RMS. marion from laboratory tests which the line is based on. 

A higher number of tests increases the confidence in the This would give an RMS error of 6,5% if we apply it to 

line being correct. We have earlier discussed the problem both step one and two and an RMS error of 8,5% if it 

with determining the line, it might even be curved, and is applied directly on step two. It must be remembered 

we know that the inaccuracy is higher at lower speeds, that RMS errors are "typical", and are sometimes ex- 

Instead of putting statistical confidence bands around our ceeded in unfavourable cases. 

straight line we take a shortcut and assume that because 
the laboratory evaluation of the DV calculation method 

has a relative error of maximum 6%, this is also the CONCLUSIONS 
maximum relative error arising from errors defined under 
point A. In accident analysis it is important to have a reliable 

Error source B, the error due to inaccurate measure- parameter measuring the severity of the accident. The 

ments of the deformation, can also be estimated without velocity change DV is such a parameter. 
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DV in frontal collisions can be established from post- by using this approach have sufficiently high accuracy in 
crash data using the formula: the DV calculation. 

The main problem, however, is still the energy absorp- 

t tion characteristics of the other vehicle in the car-to-car 

M8 .~/ {EA -F ~ {NA’4- NB) impact cases. 
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derride. 5. Kenneth Campbell, Energy as a basics for accident 

By performing different laboratory tests a ~r~ore como severity, University of Wisconsin 1972 

plex energy absorption model of the front can be built. 6. K. L. Campbell, Energy Basis for Collision Severity, 

This model takes into consideration Paper 740565 1974 SAE Conference. 
7. J. Marquardt, Collision Severity--measured by DV, 

variation of energy distribution widthwise General Motors Corporation. 
---existence of separation energy when the front is par- 

8. CRASH 111, User’s Manual. 
tially deformed 9. G. C. Staughton, P. W. Jennings, Application of the 

--special deformation characteristics when the collision Catspan Crash Program, under European Conditions. 
is of the partial underride type. IRCOBI, Lyon 1978. 

D¥ calculations based on this model for energy ab- 10. D. Schaper, 1st die Fahrzeugdeformation ein Mass 

sorption give good accuracy for all types of frontal col- £~ir die Geschwindigkeitsiinderung von Unfallfahr- 

lisions within less than 30° from the longitudinal axis of zeugen, Der Verkehrsunfa11, the 17th annual volume, 

the car and able to approximate as a plastic impact sit- number 7/8, !979. 

uation. 11. Ko Friedman, L. A. Klimko, Evaluating the Crash- 

We find this model promising for our future work with worthiness of Small Cars Using Accident Data, 

our statistical accident investigation and believe that we Eighth International Technical Conference on Ex- 
perimental Safety Vehicles. 

" l~ is undoubtedly a major need of standardization of methods for determining 12. C. Tarri~re, A. Fayon, F. Hartemann, The Contn- 
DV. An international cooperation on this ought to be ~tarted. 
* ~he error in the DV calculation will always be large as long as there is lack of bution of Physical Analysis of Accident Towards 
kzmwledge of different car makes and models. It is impor~an[ to establish ways [n~erpretation of Severe Traffic Trauma, 19th gtapp 
of exchanging vehicle data to enable reliable calculations of DY and thus create 

a g~ basi~ for accident analysis~ Car Crash Conference 1975. 
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Traffic injuries in GOteborg--Registration of Accidents, injuries, and 
Medical Costs 

L. LIN DSTR 0OM, .~. NYG R EN, still the errors encountered during these procedures seem 
D. ST~LHAMMAR and E. HOLMGREN to be less than 4%, varying with the type of data and the 

Department of Neurosurgery, Sahlgrens qualification and experience of the personnek From the 

Hospital, University" of G~teborg present experience we are able to optimize the process of 
data acquisition concerning the amount of information, 

B. ALDMAN degree of uncertainty and costs. In this retrospective 
Department of Traffic Safety, Chalmers study, based on hospital records, we found a large per- 
University of Technology, Gdteborg centage of uncertain (0-20%) and missing data (0-50%) 

B. BRISMAR varying with the type of information. 

Department of Surgery, Huddinge Univer- In order to reduce these figures a prospective study 

sity Hospital, Huddinge must be carried out. It is concluded that the present 
method would be well suited for analysis of accident- 

O. BUNKETORP and B. ROMANUS injury relationships and cost-efficiency of medical care in 
Department of Orthopaedic Surgery, East a large scale multicenter study. 
Hospital, G~teborg 

L. LINDSTROM 
Lab for Clinical Neurophysiology, SaN- INTRODUCTION 

............. grens Hospital, University of G5teborg 
............. .~. NYGREN FOLKSAM The present study has been influenced by developments 

Insurance Company common to all countries of the industrialized world: al- 
tered distributions of age groups, growing unemployment 
and technological progress are factors that create new 
demands on society. In these radically changing circum- 
stances we must analyse critically things that we have 

Planning of accident prevention requires detailed in- taken for granted in a welfare society, with a new aware- 
formation on accidents, injuries, costs for medical care, hess of costs and alternatives for all aspects of social care. 
and other consequences for individual and society. With health care being the heaviest, and fastest growing 

In Gdteborg a system has been established for contin- cost in every modern society, all analyses of costs for 
uous registration of data on traffic accidents (cfBunketorp medical care are of vital importance. 
and Romanus 1978). This system is now expanded to The planning of accident prevention and injury pro- 

.... include collection of data on injuries and medical costs, tection requires detailed information on accidents, inju, 
The aim of this report is to describe the methodology, ties, costs for medical care, and other consequences for 

difficulties and costs for data collection and also to discuss the individual and society. This information should be 
improvements of the system and exemplify the results available continuously since important changes may occur 
obtained and their implications, over short periods of time. 

250 patients at "Ostra sjukhuset" in Grteborg (traffic In Sweden the following information is collected each 
injuries) and "Huddinge sjukhus" (abdominal and tho- year from most hospitals due to request from the Swedish 
racic injuries). Medical Council; the number of patients and their age, 

Data from the medical records have been collected by the length of hospital stay, diagnosis (according to the 
personnel with various qualifications: doctors, medical International Classkfication of Injuries, ICD, (4)), type of 
students and nurses. Types of information: individual, operation and cause of injury (ICD E-nr). It has been 
pretranmatic medical status, accident, injuries (type and recognized, however, that the terminology on injuries and 
severity according to the Abbreviated lnjury Scale Clas- accidents in ICD, particularly in its present form (gth 
sification), length and level of medical care, quantity of revision) is quite insufficient as a basis for a thorough 
specific medical procedures (consultations, x,ray, lab analysis. Moreover, data on costs of medical care deter, 
tests, operations). The information has been structured mining the resources available for the individual patient 
into a form suitable for computer processing and entered is in practice nonexistentl 
via a terminal. Search for possible relations between Therefore we have started a study of the prec_~nt sit, 
trauma, costs, outcome, etc. has been made utilizing a uation with a long,term goal to contribute to the devel- 
specially developed program package, opment of an appropriate system for continuous and 

The time required for data collection and entering into relevant information from the hospitals regarding patients 
computer was successively reduced for 20-30 min/patient, treated for injuries. 
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The aims of the present part of the project are: literature search although much more linking between 
questions and data contents is allowed. In particular, the 

--to elaborate a method to collect data from hospital 
use of so-called wild cards can be used in cases where 

records regarding the accident, the injuries and the 
certain aspects are to be neglected in the search. Also, a 

consumption of medical resources for patients who 
mathematical scheme for the logical combination of un- 

have sustained impact injuries 
certain data has been included. 

--to assess the occurrence and the quality of the in- 
formation in question 

--to improve the quality of such information Specific Features 
--.to test the usefulness of the method in a pilot study The information system is evolved to meet the following 
--to exemplify the practical consequences demands: 

--the structure of the system is general 
THE INFORMATION SYSTEM 

¯ basically the same system can be expanded for use 
General Considerations within the areas of other diseases and injuries 

In medical care no cases are alike. They differ with o within the same system it is possible to freely add 

respect to background, trauma, diagnostic routines, ther- 
further variables of any category 

apy and outcome. Re-operations and repeated transfers 
~ the data base created by this system is fully com- 

between hospitals frequently occur which cause the same patible with another data base with head injury pa- 

kind of data to appear iteratively. The information system tients (3) 

therefore has to be very flexible indeed so that such data --description of injuries, type and severity, allows for 
can be handled appropriately, international comparison; ICD and AIS systems are 

Medical data are often uncertain; diagnostic procedures used 
and therapy seem to have occurred according to subse- ---established codes (clinics & hospitals (7), geograph- 
quent data but the specific events are not documented, ical & mail codes (8), ICD-codes, codes within ad- 
Vague verbal statements in the patient files ;indicate the ministrative and economic systems) are used for 
occurrence of actions taken but do not specifically state smooth communication with other databases 
details. --reference to time and space (geographically and an- 

In the search for combined causes and actions taken atomically) is possible for any type of event 
these uncertainties may or may not affect the statistical ~data on consumption of medical resources is orga- 
treatment depending on the combinations being inclusive nized for automatic calculation of economic costs 
or exclusive. --the system is designed to handle "soft", uncertain 

The practical information system has therefore been data 
somewhat changed from what is normally used. In short --the programs are designed for interactive working 
it can be characterized as a set of labelled boxes containing and their structure will after further elaboration el- 
the information and placed on the storage shelf in some low for repeated data entering 
not too rigorous scheme in contrast to the ordinary way 
in which each position on the shelf is assigned to a specific 
question. The system chosen allows a large variety of data Selection of Variables 
to be contained in the same data pool. The variables are arranged into groups according to 

The uncertainty in data is taken into account by a Table 1. 
"quality label system" with three levels: data correct, data In the Tables 2-7 are listed the variable names in the 
uncertain, and data missing, respective groups. 

The large variety of data has forced us to use different 
schemes of questions for different subgroups of patients 
and also to include the possibility to repeat the same 
questions on different occasions for the same patient. This 

Table 1. Groups of variables with respect to information 
content. 

has been implemented through the use of general input 
programs controlled by a set of text files containing dif- individual 
ferent sets of questions which are brought into action in accident 

various combinations depending on the contents of pre- 
injury 
medical care--transportation 

vious data. --hospital care---administration 
The statistical evaluation is performed by the formu- --diagnostic procedures 

lation of a search profile containing the variables wanted --therapeutic procedures 
as well as the contents of data pertaining to these vari- --post hospital care 

ables. The procedure resembles the one used in scientific 
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Table 2. Data on the individual. Table 6. Administrative data. 

* personal identification number * data of arrival and discharge 
* age * hospital-clinic code (7) 
* sex * discharged to 
* profession * registered diagnosis--ICD (4) 
* civil status * registered cause of injurymlCD E-ser 

* social status * registered type of operation (9) 
* pretraumatic medical status 
mspecification of Iongterm diseases 
--occurrence of head injuries 
--abuse of alcohol (chronic and acute) and drugs Table 7. Consumption of hospital medical resources. 

* length of stay at hospital 
* length of stay at intensive care unit 

Table 3. Data on the accident. * surgical operations--organ operated 
--duration 

* site retype of anesthesia 
* date --type of operation 
* hour * consultations 
* type of activity--work, leisure, play, sport, traffic, * X-ray investigations 

assault * dialysis 
* accident mechanics--fall (various kind), injured by * intubation 

object * tracheostomy 
* traffic accident--type of vehicle, collision and direc- * blood units 

tion * drugs 
* environment--in- and outdoor and other specified 
* protective equipment 
* status at scene of accident; unconsciousness 

Table 8. Medical data. 

* status--arrival, discharge 
Table 4. Injury description. * Complicationsmthrombo-embolic 

--infectious 
* type of lesion--AIS 80-nomenclature (1) --pulmonary 
* AIS-severity number (1) 

--cardiac 
* Injury Severity Score, ISS (1) 

INDIC * anatomical code--body-region, AIS (1) 
--functional system, Nominae anat 
(5) 
--specific organ and part of organ 
(5) Table 9. Post hospital care. 

* site of injury--sup-inf, ventr-post, right-left 
* ICD-code (4) * medical attendance 

* length of sick leave 
* status after 6-12 months 
* status after 2 years 
* status after 3 years 

Table 5. Transportation. 

* date 
* hour 
* duration 
* distance Collection and Entering of Data 
* type of vehicle (4) The data were recorded on a form by personne! of 
* status during transport 

various qualifications; a hospital nurse, a medical student, 
* treatment during transport 

two registrars and an assistant professor (BB). The data 

were entered into the computer via a terminal by a tech- 

nician and a student. 

Sources of Information PATIENT MATERIAL 
Most of the data were collected from the hospital rec- 

ords and in addition some information was received from Patients from the following hospitals were included in 

the health insurance ot~ce, the pilot study: Sahlgrens Hospital, East Hospital and 
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Childrens Hospital in Grteborg, Huddinge Hospital in --80 deviations were found (1.7%) 
Stocldaolm. See Table 10. 12 of these (0.3%) due to data entering errors 

16 of these (0.3%) due to misinterpretation 
52 of these (1.1%) misreading 

Data entering. Two studies were made separately to 

The Information System 
control data entering errors. 

1. For the first part of the study 4450 variables as 
Data collection. The form was primarily designed with appearing in the records were controlled by comparison 

a very spacious and simple layout. Annotations were made against a list from the computer: 
by simple markings. No figure codes were used in order 
to make the ibrm filling as easy as possible and to rain- 43 deviations were found (1%) 

imize errors at data collection by personnel unacquainted 12 of these (0.3%) errors regarding data quality 

with this type of work. 16 of these (0.4%) errors regarding figures 

The time required for transfer of information from the 15 of these (0.3%) errors regarding other data 

records to the form varied considerably (15 rain to 4 2. During the latter period of the study 2772 variables 
hours) acc~3rding to: were controlled and totally 8 errors (0.3%) were found. 

type and size of the medical record 
--qualification and experience of the personnel Data Quality 

type of data; most time-consuming were: lab-tests, 
drug consumption and injury coding Due to the type of data and the type of patient, missing 

or uncertain information in the records is found in Table 
During the latter part of the study an out-patient record 11. 

required 15-30 rain and an in-patient record required 30- 
90 rain. 

Dam entering. After successive improvements of the Findings in the Pilot Study 
procedure it was possible to reduce the average time for The details of this study will be presented elsewhere 
data entering by a rather unexperienced person to 10-20 (of 2). A general description of the material is given in 
rain per form. Tables 12-15. 

The correlations between the severity of injuries, ex- 

Errors pressed by ISS (1), and the consumption of specific med- 
ical resources for all in-patients presented in Figures ! 

Data coh’ection. 120 completed forms were compared and 2. 
directly with the medical records by an assistant professor Figure 3 presents the average total hospital costs for 
(BB) for most of the variables; totally about 4800. in-patients differing in degree of severity. Table 16 pre- 

Table 10. Patient material in pi~ot study. 

Selection criterion No Male Female Mean age 

Traffic injuries, GSteborg 28 28 
in-patients 71 43 
out-patients 136 85 51 30 

Huddincj Hospita~ 15 33 
"abdominal inj," in-patients 63 48 
"thoracic inj" 6! 42 19 43 

Table t!. Data quality. The maximum percentage of missing and uncertain data occurring within a group of variables 
(cf Table 2-9). 

! t 

Injury Status arr/ 
Type of data Indiv Pretrauma &ccident Descr Transp dc Surg op 

In-pat 
uncert 0 10 5 0 3 0 3 
missing 40 23 23 6 15 0 11 

Out-pat 
uncert 0 20 7 0 5 0 -- 

missing 13 70 16 7 20 0 -- 
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Table 12, Cause of accident. 

Traffic Assault        Sport         Play         Other 

Gbg, traffic, in-pat 69 0 0 1 2 

Gbg, traffic, out-pat 136 .... 
HS, "abdominal inj" 23 25 1 -- 20 
HS, "thoracic inj" 21 20 2 -- 30 

Table 13. Distribution on various body-regions, according to AIS. 

Extern I Head I NeckI 8 Thor Abdom I Spine [ Extrem 

Gbg, traffic, in-pat 114 I 38 1 9 16 5 71 
Gbg, traffic, out-pat 174 26 1 2 1 13 27 

HS, "abdominal inj" 14 11 0 31 113 0 28 
HS, "thoracic inj" 35 0 61 4 4 !6 

Table 14. Number of patients with various ISS. 

Gt~teborg Traffic Huddinge 

Abdominal          Thoracic 
.... ISS Range In-pat Out-pat Injuries Injuries 

0- 5 30 131 8 0 

-10 26 i 6 6 37 

-15 5 1 19 

-20 2 ~ 18 1 

-25 2 13 1 

-30 3 8 3 

-35 2 
I 7 

-40 0 1 
-45 1 1 

Table 15. Classification of injuries according to ICD, for 195 in-patients. Total number of registered diagnoses for official 
statistics and the total number of diagnoses found in the records in the present study. 

ICD-nr Official Reg Our Study 

800-829 Fracture 135 135 

830-839 Dislocation 
840-848 Sprains and strains of joints and adjacent muscles 7 t0 

850-854 Intracranial injuries, excluding those with skull fractures 33 32 

860-869 Internal injury of chest; abdomen and pelvis 146 159 

870-879 Open wound of head, neck and trunk 14 41 

880-887 Open wound of upper limb 
890-897 Open wound of lower limb 14 67 
910-918 Superficial injury 
920-929 Contusion with intact skin surface crushing injury 15 53 
950-959 Injury to nerves and spinal cord 2 

Table 16. Consumption of medical resources for patients involved in motor-vehicle accidents. Numbers of X-ray investigations 
and blood units. Hospital costs in Swedish Crowns. Means and SEM. 

X-ray Blood Hospital Costs 

ISS-range < 9 > 9 _< 9 
. 

> 9 _< 9 
I 

> 9 

Car, driver No (10+!1) 4.5-+1.7 11 -+3.5 0 7.3+4.7 10-+4 56+27 
MC-driver (5+7) 3.4-+1.9 16-+6 0.4_+0.4 10-+7.2 15-+10 , 52+-27 

Pedestrian (6+11) 2-+1 14-+2.3 0 5-+2.8 7-+3 ...... 80-+28 
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sents the hospital costs and consumption of specific med- 
.................................... ical resources for patients involved in certain types of 

,?_’ motor vehicle accidents. The calculation of hospital costs . 
is based on the number of days at an ordinary ward (1500 
Sw Cr per day) and at an intensive care unit (6000 Sw 

÷ 
~ ~ ,~ 

i Cr per day). 

D~SCUSSION 

I, The present systems for classification and calculation 
........................... of medical care costs for different types of injuries are 

Figure 1. Number of surgical operations and X-ray investi- 
considered unreliable and the figures available from of- 

gations for groups of in-patients with injuries of ficial statistics may be misleading. Therefore, the aim with 

different severity’, ISS (1). this project is to elaborate an instrument by which ap- 
propriate information could be collected for an analysis 
of the relationships between accident, injury and care. 
Information on pretraumatic circumstances and outcome 
should be included but we intend to focus particularly 

................................ on classification of accidents of injuries and their pre- 

~ vention on one hand and on the other hand on assessment 
of consumption of resources in primary hospital care. The 
instrument should be designed for continuous use over a 

~l long period of time and information should be obtained 
~ 

~i * from available medical records. 
, We have so far mainly devoted our efforts to meth- 

¯ odological problems. The differences between the present 

I . ° ~ official system and the system we have designed and tested 

.................. L’ ~’~ i~ ; ................. ding inj , ,~ ........... regar data on the accident, the ury and the costs 
for medical care are presented in Tables 3, 4 and 7. 

~igure ~. Number ol blood units and consultations lot ~roups The system has been tested in a pilot study as described 
of in-patients with injuries of different severity, ISS 

above and the implications of practical application may 
(1). 

be as follows. 
In Sweden methods for assessment of costs for medical 

care are presently rudimentary as regards the individual 
patient and groups of patients. Officially and in research 
reports an average cost per patient day is calculated on 

Torch ho,pito! �ost~ in Swedish crowns,means tSEM the basis of the total annual costs for the clinic divided 

~o~ s,~ ¢~ 
by the total number of patient days per year (cf 10). 

The assessment of medical care costs used in the results 
~°1 presented above is based on measurement of the con- 

I 
sumption of specific resources by the individual patient 
as described. However, staffing costs are shown to account 

~oo - l for about 70-90% of total medical care costs and a further 
development is tested as well. By this method an estimate 

T 
~ of the staffing costs has been derived on the basis of work 

load studies. 
~o - ~ Table 17 shows the medical care costs per patient day; 

~ Table 17. Medical care costs per patient day in two different 
~ clinics. The actual range according to our meas- 

~ o~-~ -’~o--~5 -~o -~2~ -’30 -’35 ,~5 ~ss urements and the official estimate. 

38 69 25 21 16 16 9 3 N, of pts. Official 

Figure 3. Total hospital costs for in-patients differing in de- 
Actual Ran@e Estimate 

gree of injury sevedty in terms of ISS (1), Means Neurosurgery 1.1-3.4 2.5 Sw Cr 10~ 

and SEM. Intensive Care 3.5-13 6 Sw Cr 10~ 
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the actual costs per patient day may deviate twice from Present classification systems which have proved inade- 

the official averages, quate must be revised for the present purpose, Similar 

The examplein Table 18 shows how severity grading and attempts are currently carried out in the primary medical 

patient-based cost accounting will affect the estimate of care in Sweden and have met with approval on all levels 

total hospital costs for a specific type of patient-combi- from politicians to patients. 

nation of injuries. Less severe injuries will be allocated Registration of information must thus be a firmly es- 

to too high costs and the costs for patients with more tablished routine. The next step will be to widen the 

severe injuries will be too low when the estimates are perspective of health care to include further costs carried 

based on average clinical costs, by society. One way will be to use the information reg- 

....... Table 19 shows the corresponding figures for a specific istered by the insurance companies concerning sickness 

type of accident, i.e., pedestrians, and Table 20 shows the and accidents. The costs of post-medical care, pensions, 

total hospital costs for 110 such patients with slight and etc., must be incorporated with costs of medical care on 

severe injuries. The total costs for 110 pedestrians with all levels in order to obtain figures of total costs to society, 

slight and severe injuries will be about 2.7-.8 million Sw and non-medical costs should not be left out of economic 

Cr. Our estimate will however reflect the actual allocation considerations. 

...... according to injury severity in a more accurate way. Costs for medical care must be strictly and consistently 

Our experience points towards certain goals to aim for: separated to form an adequate basis for cost-effect and 

an inclusive system for information must be formed, in- cost-benefit analyses. All relevant costs must be attributed 

corporating the following qualities: the information reg- to each stage in the care of each individual patient. Bear- 

istered in the medical records must be complete, verifiable, ing in mind that staff costs are the most important (70- 

easily and reliably registered. To fulfill these requirements 90%), special efforts must be directed to measure these 

we must construct forms which may be used by personnel in a proper way by estimation of work load. 

of different qualifications. Emphasis must be put on the Consequently, the separation of costs is of utmost im- 

information and education of all personnel concerned, portance both in discussions of capital investments and 

organization of medical care as well as in debates con- 

cerning alternative methods of health care. 

Table 18. Example of specific patient type, combination of 
injuries, (brain concussion, AIS: 2-4 + fract of 
humerus, AIS 2-3 + skin abrasions, AIS 1-2) and SUMMARY AND CONCLUSIONS 
total hospital costs. 

A method has been elaborated to collect and syste- 
ISS-range 

matize information about persons who after having sus- 
9-15 16-20 21-29 tained impact injury have applied for hospital care. 

............. Study estimate 20 44 73 Sw Cr 103 Hospital records, for in- and out-patients, constituted the 
....... Official esti- 

mate 26 34 35 Sw Cr 103 
main source of information which included data on the 

accident, the injury and the consumption of medica! re- 

sources. 

The percentage of errors at collection and entering of 
Table 19. The total hospital costs for pedestrian injuries of 

data was found to be low; about 1% and 0.4% respec- 
varying severity. Duration of hospital stay: 11-41 
days. tively. The information system, although sophisticated 

and versatile, has yet proved possible to be smoothly run 
ISS range by rather unexperienced personnel. 

4-9 31-35 It was shown that data on pretraumatic circumstances, 

Study estimate 13 140 Sw Cr 103 on type of accident and on transportation were very often 

Official estimate 22 65 Sw Cr 103 incomplete; missing for important variables in 15-70% 

and uncertain in 15-20%. 

For the out-patients, there are no hospital statistics at 

Table 20. The total hospital costs for 110 pedestrian injuries all. For the in-patients only 73% of the injuries found in 

of varying degree of severity according to our es- the study were officially registered. 
timate and the official statistics respectively. For the in-patients, there was good correlation between 

ISS Study Official 
the injury severity, as measured by ISS, and the con- 

Range Estimate Estimate sumption of medical resources. 

100 slight inju- In conclusion, our present official system for hospital 

des 4-9 1.3 2.2 mill Sw Cr statistics seems to be too insufficient and unreliable to 

10 severe in- produce an overall picture of the medical care of injured 
juries 31-35 1.4 0.65 mill Sw Cr patients regarding medical as well as economic data. 
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By the method elaborated it will be possible to collect and Medical Consumption. Proceedings First Nordic 

such data to a low cost--corresponding to less than 0.5% Congress on Trat~c Injuries, Linkrping, Sweden, 

of the average hospital cost per admitted patient. However 1982. 

we consider it necessary to perform a prospective study 3. Holmgren, E., C.-H. Nordstr6m, D. St~thammar: 

to obtain more complete and valid data. Head injuries in two Swedish regions during 1977. 
Acta Neurochirurgia, 1982 in press. 
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Technical n No. 5 
Auto Safety Ratings 

Mr. Kenichi Goto, Chairman, Japan 

Aspects of the Passive Safety Motor Vehicles 

B. RICHTER, R. ZOBEL that are 8 times as great as those in larger vehicles (full 

Research Division, Volkswagenwerk AG, size)." 

Wolfsburg, Germany This overlooks the fact that risks to the occupant of a 
subcompact vehicle are only 1.6 times greater than the 
corresponding colhsion probability, regardless of the sig- 

ABSTRACT nificant mass relationship, while, at the same time, the 

occupants in the full size vehicle have lesser risks by a 
Repeated fears expressed in recent times hold that the factor of 5 due to the lesser mass of the opposing vehicles 

increase in the market share held by smaller vehicles could (1). 
lead to an alarming increase in traffic victims. Statements This paper will attempt to show an analysis of the 
of this type are, for the most part, based on the Fatal current accident situation in the United States: this anal- 
Accident Reporting System (FARS). ysis will address the fatalities in passenger car versus 

At first glance these statistics would seem to confirm passenger car accidents as well as the fatalities in so- 
the fears mentioned above. However, more precise anal- called "Non-Two Car Crashes", that in fact predomi- 
ysis shows that the relatively high proportion of traffic nantly involve a single passenger car. The figures used 
victims in small vehicles during vehicle-versus-vehicle col- are based on work by Evans (3), who compiled both the 
lisions has been generated in the first instance by the mass registration figures for 1978 and data regarding the driver 
aggressivity of the larger vehicles. An increased number age distribution in individual mass classes, along with 
of small vehicles in the future, accompanied by a simul- FARS Statistics from 1978. 
taneous weight reduction in larger vehicles, would make Several extrapolations (scenarios) were accomplished 
it more likely that a reduction in the number of fatal based on the current accident situation, and these allow 
injuries can be expected in this accident segment, estimation of the different mass-class related influences 

With respect to single vehicle accidents, the current on the accident scenario of the future. 
statistical data picture is dominated by the fact that small 
vehicles are predominantly used by young drivers. If one 
assumes that an increasing market share for smaller ve- PASSENGER CAR VERSUS PASSENGER 
hicles must necessarily lead to a higher proportion of CAR ACCIDENTS ("TWO-CAR CRASHES") 
older drivers, then a relative reduction in traffic victims 
in small vehicles can also be expected. Table 1 shows the distribution of occupant fatalities 

One surprising result of this paper is the fact that during passenger car versus passenger car collisions 
occupants in vehicles of the mid-size range (1300-1500 (FARS 1978), where passenger cars are divided into six 
kg) seem to be especially endangered, classes from m~ to m6. Statements based solely on this 

table have limited applicability. On the other hand, they 
are admirably suited for building spectacular number 

INTRODUCTION lationships [3]. Thus, for example, only 12 occupant fa- 
talities result in the largest mass-class vehicles, while 14! 

A steady increase in the United States of vehicles with occupant fatalities occurred in the smallest mass-class 

smaller masses has fostered the concern that this may vehicles during collisions involving vehicles from the 

cause an alarming increase in the number of vehicle oc- smallest mass-class (m~) versus vehicles from the largest 

cupant fatalities. Specifically, it is feared that the expected mass-class (ms). The factor of 141/12 = 11.75 derived 

broader mass distributions in passenger car to passenger from this corresponds to the factor 8* (based on FARS 

car collisions could have particularly drastic effects. 
The problem is then frequently reduced to a "large 

vehicle versus small vehicle" confrontation.                        * A direct uantitative comparison ~s not possible since formulation of the factor 
11.75 is based on the distribution in six mass cIasses, while the factor of 8 was 

This results in statements like, for example, "Occupants based on distribution in four mass classes (Subcompact, compact, mid-size, full 

of smaller vehicles (subcompact) are subject to hazards 
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Table 1. The number of occupant fatalities in vehicles with mass m~, when involved in collisions with vehicles of mass m~ 
(FARS 197813]). 

Car 1 

mr m2 m3 m4 m5 m6 Totals 

500- 900 mr 7 11 13 17 10 12 70 
900-1100 m2 32 19 11 26 23 22 133 

"C"    1100-1300 m3 35 31 44 49 52 38 249 
o 1300-1500 m4 96 97 131 178 169 150 821 

1500-1800 m~ 133 193 204 315 314 282 1441 
1800-2400 m5 141 229 216 323 421 292 1622 

Totals 444 580 619 908 989 769 4336 

Table 2. Mass distribution of vehicles registered in the break down according to the collision probability in Table 
United States in 197813]. 3 (4336 occupant fatalities = t00%). Table 4 shows this 

fictitious distribution. 
Range Average Share It is a symmetrical distribution, meaning that the same 

Symbol kg kg % 
number of occupant fatalities will occur in both vehicle 

m~ 500- 900 826 5.58 
classes during the collisions combination mi with mj. m2 900-1100 991 8.78 

m~ 1100-1300 1209 9.51 Therefore, for collisions of vehicles from mass-classes ml 

m4 1300-1500 1403 13.36 and m6, 86 occupant fatalities in each of the two vehicle 

m~ 1500-1800 1654 27.30 classes would result based on collision probability. Ac- 
m6 1800-2400 1992 35.47 tually, 141 occupant fatalities were noted in class ml, 

All 1594 100.00 while only 12 occupant fatalities were noted in class m6. 

This means that regardless of the extremely unfavorable 

mass ratio of 2.4, a fatality rate that is higher only by a 

factor of 141/86 = 1.64, will result for the small vehicle, 
Data for 1979), that was mentioned at the beginning with 

while the fatality rate in the larger vehicles is reduced by 
reference to its possibility for misinterpretation. We will 

a factor of 86/12 = 7.12 = 1/0.140. The product of both 
come back to this issue later, 

factors provides the previously mentioned ratio of 11.75 
The disadvantage of Table 1 lies in the deficiency that 

= 1.64 X 7.17. 
it contains no information whether the number of oc- 

Table 5 is produced by dividing each element in Table 
cupant fatalities in a specific mass-class during collisions 

3 by the corresponding element in Table 1. 
with vehicles from another mass can be expected or not. 

This table indicates the factor by which deviation oc- 
Therefore collision probability (exposure of the occu- 

curs between the number of occupant fatalities observed 
pants) has to be taken into consideration. Collision prob- 

in FARS Statistics for 1978 and the number that is based 
ability is derived from the number of registrations through 

multiplication of the registration figures according to Ta- 
on collision probability. Any factor greater than 1 means 

ble 2.** 
a higher proportion while factors less than 1 show a lesser 

The result is depicted in Table 3. This shows the in- 
proportion. 

With the exception of the diagonal elements, there are 
dividual probabilities for a collision by a vehicle in mass- 

still two influencing items within these factors. First there 
class m~ with a vehicle of mass mj. Sums in the columns 

and rows correspond to the proportion of registrations 
is the applicable mass relationship in each case. Here, the 

occupants in the lighter vehicle are fundamentally at a 
according to Table 2.*** 

disadvantage for physical reasons. Second, major features 
If the number of occupant fatalities were exclusively a of passive safety are naturally also expressed in these 

function of collision probability, and not dependent upon 
factors in the individual mass classes. This aspect can be 

the specific properties of the individual mass-classes 
examined independent of the influence of the mass rela- 

and/or combinations of mass-classes (mass ratio), then 
tionship by using the diagonal elements, in which the 

the total number of fatalities per Table 1 would have to 
vehicle classes with the same mass coincide, meaning that 

the physical advantages or disadvantages do not exist. 

Figure 1 shows the result. 
** In this it is assumed that the yearly vehicle mileage is approximately the same This graph shows that the occupants in both of the 
for all vehicles and that the driving behavior does not significantly deviate between 

the different mass-cl~, smallest mass-classes, m~ and m~, as well as the occupants 

*** Except for errors in rounding off numbers, of the largest mass-class m6, are clearly less endangered 
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Table 3. Probability (%) of the collision of a vehicle m~ with a vehicle mi, based on registration figures according to Table 

Car 1 

m2           m3           m,           m5           m6              Totals 
! 

500- 900 ml 0.31 0.49 0.53 0.74 1.52 !.98 5.58 

900-1100 m2 0.49 0.77 0.84 1.17 2.40 3.11 8.78 

~ 1100-1300 m3 0.53 0.84 0.91 1.27 2.60 3.38 9.52 
o 1300-1500 m, 0.74 1.17 1.27 1.78 3.64 4.74 13.35 

1500-1800 ms 1.52 2.40 2.60 3.64 7.45 9.68 27.30 
1800-2400 ms 1.98 3.11 3.38 4.74 9.68 12.58 35.47 

Totals 5.58 8.78 9.52 13.35 27,30 35.47 100 

Table 4. Number of occupant fatalities in vehicles with mass m~ during collisions with vehicles of mass mi, if only the collision 
probability is the determinative factor. 

Car 1 

ml m~ m3 m4 ms m6 Totals 

500- 900 ml 13.50 21.24 23.03 32.30 66.05 85.12 241.95 

900-1100 m= 21.24 33.43 36.24 50.82 103.93 135.04 380.70 
"- 1100-1300 m3 23.03 36.24 39.30 55.11 112.69 146.42 412.79 

..... ............. o 1300-1500 m4 32.30 50.82 55.11 77.28 158.03 205.32 578.86 

............... 1500-1800 ms 66.05 103.93 112.69 158.03 323.16 419.87 1183.73 

1800-2400 ms 85.82 135.04 146.42 205.32 419.87 545.52 1537.98 

Totals 241.95 380.70 412.79 578.86 1183.73 1537.98 4336.00 

Table 5. Relative risks of fatal injury for occupants of a vehicle with mass m~ during collisions with vehicles of mass m~, as 
referenced to applicable collision probability. 

Car 1 

m~ m2 m~ m4 ms ms Average 

500- 900 m~ .518 .518 .564 .526 .151 .140 .289 
900-1100 m~ 1.506 .568 .304 .512 .221 .163 .349 

--- 1100-1300 m~ 1.520 .855 1.120 .889 .461 .260 .603 
~ 1300-1500 m, 2.972 1.909 2.377 2.303 1.069 .731 1.418 
O 

1500-1800 m5 2.014 1.857 1.810 1.993 .972 .672 1.217 
1800-2400 ms 1.643 1.696 1,475 1.573 1.003 .535 1.055 

Average 1.835 1.524 1.500 1.569 .836 .518 1.000 

than their collision probability would indicate. As op- SINGLE VEHICLE ACCIDENTS ("NON-TWO 
posed to this, the risks for occupants in vehicles of mass, CAR CRASHES") 
class m4 are nearly twice as great as the collision prob- 
ability would suggest. It is a fact frequently noted in literature that accident 

A further distinction of mass-class m4 can be derived rates are strongly shaped by the age of the driver. This 

from Table 5. applies particularly for single vehicle accident in which, 

It could be expected that the relative risks for occupants more frequently than in other accidents types, alcohol 

in vehicle mi would increase monotonically with the in- must be viewed as a contributing cause. 

creasing mass mj of the opposing vehicle. But, actually, Table 6 shows the statistics for single vehicle accidents, 

a maximum for occupant risks is noted for all mass-classes broken down by mass-classes m~ to m6 as well as by driver 

(Line 4 of Table 5), if the opposing vehicle is from mass- age (3). 

class m4, meaning vehicles in mass-class m4 generate more A relationship to collision probability is also necessary 

fatal occupant injuries in all mass classes than the heavier here. For this, the registration statistics must also be 

vehicles in mass-classes m~ and mr. linked with a distribution by drivers’ age (Table 7). 
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Table 6. Number of occupant fatalities during single vehicle accidents, broken down by vehicle mass and driver age (FARS 
1978)[3]. 

Car Mass 

Age, Years ml m2 m3 m4 ms me Totals 

16-24 581 817 967 1711 1861 897 6834 
25-34 307 409 432 659 840 614 3261 

_> 35 263 433 517 948 1312 1603 5076 

Totals 1151 1659 1916 3318 4013 3114 15171 

Table 7. Age distribution (%) of the driver in the individual vehicle mass classes (Michigan, 198013]). 

Car Mass 

_ Age, Years                        ml           m2           m3           m,           ms           me 

16-24 19.8 19.8 2t.2 18.0 16.3 9.7 
25-34 35.4 31.8 27.7 23.8 23.0 19.4 

>_ 35 44.8 48.5 5t .1 58.2 60.7 70.9 

100 100 100 100 100 100 

Table 8 shows the resulting distribution (3). 
Again if there were no particular influence due to ve- 

hicle mass and the age of the driver, the total number of 
occupants killed during single vehicle accidents (15,171) 

m ~ would have to break down in keeping with Table 8 (100% 
= 15,171 occupant fatalities). This fictitious distribution 
can be seen in Table 9. A cornparison with Table 6 (FARS 

2,,                                                 1978) would, for example, state that only 167.6 occupant 

fatalities were to have been expected for mass ml in the 
age groups 16-24 years old: however, in actuality, 581 
were registered. In keeping with this, the risks are 581/ 

1.5 -_~ ~’ _o !67.6 = 3.48 times as great as the expected value. 
~_ ~o For drivers who are older than 35, the risks in the same 

mass-class m~, with 263/379.3 = 0.69, are clearly under 

._,~_~., 
/ 

the expected value. If one uses this comparison for all 
1 - - mass classes and age groups, then Table 10 is obtained 

as a result. 
Accordingly, all numbers greater than 1 mean a relative 

risk that lies above the expected value. The content of 

0,5 - ~- _~ -- 
.,...~ m 2 Table 10 is repeated in Figure 2. According to this, for 

,~ ~ m 1 the single vehicle accident area observations can be made 
as follows: 

0 1. The relative risks for all mass classes lie significantly 

0 500 1000 1500 2000 above the expected value for drivers between 16 and 
25 years old. 

car r~a~ (k~ 2. If the driver is older than 35 years old, the relative 
risks in all mass classes are under the expected value. 

Figure !. Relative risks of a fatal accident for occupants 3. Regardless of the driver’s age, the occupants of 

during collision of vehicles having the same mass, mass-class m4 (1300-1500 kg) are subject to the 
relative to the applicable collision probability, greatest hazards. 
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Table 8. Distribution (%) of registered vehicles in the United States, broken down by vehicle mass and driver’s age (based 
on Table 2 and 713]). 

Car Mass 

Age, Years                m~        m2       m3       m,       m5       me          Totals 

16-24 1.10 1.74 2.02 2.41 4.44 3.44 15.15 

25-34 1.98 2.79 2.64 3.17 6.28 6.87 23.73 

>35 2.50 4.25 4.86 7.77 16.58 25.16 61.12 

Totals 5.58 8.78 9.51 13.36 27.30 35.47 100. 

Table 9. Number of occupant fatalities in single vehicle accidents, if only the collision probability is the determinative factor 
(by vehicle driver’s age distribution and registration numbers for vehicles). 

Car Mass 

Age, Years m~ m2 m3 m4 ms m5 Totals 

16-24 167.6 262.5 305.9 364.8 675.1 522.0 2298.4 

25-34 299.7 423.6 399.6 482.4 952.6 1043.9 3600.1 

> 35 379.3 646.0 737.3 1179.6 2514.0 3815.2 9272.5 

........... Totals 846.5 1332.0 1442.8 2026.8 4141.7 5381.2 15171.0 

Table 10. Relative risks of an occupant fatality in single vehicle accidents, relative to the applicaNe collision probability 
(elements of Table 6 divided by elements of Table 9). 

Car Mass 

Age, Years ml m2 m~ m4 ms m6 _ Ave__~ ~ge 

16-24 3.482 3.095 3.155 4.680 2.763 1.719 2.~c 

26-34 1.022 .966 1.079 1.370 .882 .589 .906 

> 35 .693 .672 .701 .804 .522 .420 .547 

Average 1.360 1.245 1.327 1.638 .969 .57~99 1 00 

This last determination is noteworthy because the high- 1. The posts used for a specific group of traffic signs 

est occupant risks also appeared within mass-class m4 are too rigid for small vehicles. 

(Figure 1) for passenger car versus passenger car colli- 2. The exposed rigid base of posts with a defined break- 

sions, away point is too high for small vehicles due to their 

If one compares Figures 1 and 2, the question arises low ground clearance. 

as to why the favorable behavior of the smaller vehicles 3. Guardrails are positioned too high for small vehi- 

(m, and m2) during passenger car to passenger car col- cles, meaning that the front wheels of small vehicles 

lisions is not also reflected during single vehicle accidents catch on the guardrail posts while the large vehicles 

in the same degree. Namely, if the single car accidents are deflected during such collisions. 

consisted exclusively of collisions with fiat, rigid obstacles, These findings by FHWA have resulted in the fact that 
then these accidents would be comparable to a great extent small vehicles will also be included in future studies to 
to collisions between passenger cars having the same determine relevant safety fixtures along the road.* 
masses. Apparently there are obstacles involved in single 

car accidents that have different aggressive effects on 
* Examples from the FHWA Program [2]: 

smaller and larger vehicles. There are a number of possible o Improved Performance of Small Sign Supports 

explanations for this based on studies by the Ot~ce of o Guardrail and Median Barrier Terminals for Mini-Sized Cars 
o Safety Modifications to Turn-Down Guardraits Terminals 

Highway Safety (Bennet, FHWA [2]): o New Concepts in Traffic Barrier Systems. 
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occupant fatalities. In order to better compare current 
statistics, this will assume that the total number of vehicles 

124[![11 

has not changed. Furthermore, it must be assured that 
the mean age structure is not modified during the ex- 
trapolation (16-24 years old: 15.15%, 25-34 years old: 

/, _ 23.73%, _> 35 years old: 61.12%). For example, this 

i 
condition means that the age structure according to Table 
5 will be retained during a doubling of the market share 

16 
of one of the six mass classes, and that changes will only 

3,5 ~ ......... be made based on mean age distribution. Table 5 (Pas- 

~ 
senger Car Versus Passenger Car Accidents) and Table 
10 (Single Passenger Car Accidents) are the basis for all 
extrapolations. 

3 I Eighteen different scenarios, as compared to current 
status, are depicted in Table 11. Scenarios 1 to 6 assume 
a doubling of the market share of one of the six mass 
classes with a simultaneous reduction in the market share 

2.5 of the other classes, consistent with prior distribution. 
The other scenarios represent extreme changes. Only 

a single mass class is represented in each of the scenarios 
7 to 12, and one mass class was completely eliminated in 

2      ,,                                       each case in scenarios 13 to 18. 

~ = It is surely no surprise that the largest mass classes (ms 
~,, ~o and m6) leave the most favorable impression during con- 
~ = sideration of all scenarios. In contrast, however, it is 

1.5 --~ -~ _~ ~ noteworthy that with the increase in the market share of 
~ g 25-3 A the smallest mass classes (m~ and m2), the total number 

A 

~/~/ 

’ of occupant fatalities only slightly increased or was even 

..~g~.. 
reduced, contrary to some predictions. When its market 

1 ...... "~ -- 
share is doubled, the smallest mass class increases the 

~=~ .~,,~ number of occupant fatalities by only 0.4% while in mass 

~ ~ 
"’-- class m~ there is even a reduction of 0.2% with a doubling 

~ ~ of the market share. Recall that, along with the physical 0.5 ~ g disadvantage of the smaller masses during passenger car 

~ ~ versus passenger car collisions, there is also the handicap 
of non-aligned traffic direction fixtures, as mentioned in 

0 0 500 ~000 1500 2000 Section 3. This fact is especially prominent in the types 

~ r,~ ~) of scenarios in which only one mass class is represented. 
The number of occupant fatalities is reduced here for 100 

~ 16 - 24 ~ passenger car versus passenger car accidents to over 48% 
~ ~e 25-34 in the smallest mass class (m~), while there is an increase 

% 
¯ -~ of 10.1% for single vehicle accidents. A similar trend can 

;~35 
be shown for the second smallest mass class (m~). 

In contrast, the sharpest rise in the number of occupant 
0 fatalities is characterized in mass-class m4 by increasing 

its market share: put another way, elimination of this 

Figure 2. Relative risks of fatal injuries for occupants in sin- mass class would lead to the strongest reduction in the 
gle vehicle accidents ("non-two car crashes"), tel- number of occupant fatalities. 
ative to the applicable collision probability. 

SUMMARY 

SCENARIOS A detailed analysis of the FARS Statistics has shown .... 
that the current relatively high number of traffic victims 

The following will examine how the market share of in small vehicles during vehicle versus vehicle collisions 
the various mass classes affects the accident statistics for can, in the first instance, be traced back to the mass 
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Table 11. Extrapolation of accident statistics for occupant fatalities with modified market shares by the six mass c~asses. 

Number of ~ccupant 

Market share (%) fatalities Change (%) 

No, Scenario rn, m~ m~ rn, rn~ m~ Car Vehicle Total Car Vehicle Total 

Current Status 
Double the market 

0 share of-~ 
1 m~ 11.16 8.26 8.96 12.56 25.69 33.37 4359 15221 19580 0.5 0.3 0.4 
2 m2 5.04 17.56 8.60 12.07 24.67 32.06 4271 15192 19463 -1.5 0.1 -0.2 
3 m3 4.99 7.86 19.04 11.95 24.43 31.74 4384 15294 19678 1.1 0.8 0.9 
4 m, 4.72 7.43 8.05 26.70 23.09 30.01 5028 16271 21299 16.0 7.3 9.2 
5 ms 3.48 5.48 5.95 8.34 54.60 22.15 4372 14772 19144 0.8 -2.6 -1.9 
6 m6 2.51 3.95 4.29 6.01 12.29 70.94 3268 12241 15509 -24.6 -19.3 -20.5 

Vehicle population 
consists only of 

7 m~ 100 0 0 0 0 0 2248 18111 20359 - 48.2 19.4 4.4 
8 m2 0 100 0 0 0 0 2465 16819 19284 -43.2 10.9 -1.1 
9 m3 0 0 100 0 0 0 4855 17637 22492 12.0 16.3 15.3 

10 mr 0 0 0 100 0 0 9988 23146 33134 130.4 52.6 69.9 
11 m5 0 0 0 0 100 0 4213 14361 18574 -2.8 -5.3 -4.8 
12 ms 0 0 0 0 0 100 2321 9965 12286 -46.5 -34.3 -37.0 

(Mass Class m~) 
was removed 
from the vehicle 
population 

13 m~ 0 9.30 10.08 14.14 28.91 37.57 4295 14511 18806 -0.9 -4.4 -3.6 
14 m2 6.12 0 10.44 14.63 29.93 38.88 4377 14509 18886 0.9 -4.4 -3.2 
15 m~ 6.17 9.70 0 14.75 30.17 39.20 4290 14404 18694 -1.1 -5.1 -4.2 
16 m4 6.44 10.13 10.99 0 31.51 40.93 3709 13412 17121 -14.5 -11.6 -12.2 
17 m~ 7.68 12.08 13.09 18.36 0 48.79 4200 14843 19043 -3.1 -2.2 -2.4 
18 m6 8.65 13.61 14.75 20.69 42.31 0 5307 17320 22628 22.4 14.2 16.0 

aggressivity of the larger vehicles. In a collision involving and Structures will have an effect during the course of 

only smaller vehicles, the fatality risk is clearly less than the year, then a decrease in the number of traffic victims 

the expected value. It is more so the case that after a in small vehicles can also be expected in single vehicle 

slight increase in the total number of occupant fatalities accidents. 

during an increase in the market share of smaller vehicles, A surprising result of the analysis is the fact that 

further increasing the market share can lead to expec- cupants in vehicles of the mid-class (1300-1500 kg)appear 

tations of a decrease in the total number of occupant to be over-involved. 
fatalities. This trend will surely be even further reinforced 

the simultaneous reduction in the weight of larger 

vehicles (to reduce fuel consumption rates). REFERENCES 
When one considers the area of single vehicle accidents, 

the current statistics are in part highlighted by the fact 

that small vehicles are predominantly used by younger 1. W. Dreyer, B. Richter, R. Zobel: Handling, Braking, 

drivers, whose behavior leads to an increased accident and Crash Compatibility Aspects of Small, Front 

risk. Beyond this, there is the indication that the Roadside Wheel Drive Vehicles. SAE Paper 810792, June 1981. 

Barriers and Structures available at this time are not 2. R. C. Bennet: The Small Car and the Forgiving High- 

adapted to the exterior dimensions of the smaller vehicles, way. Office of Highway Safety, Federal Highway 

If one assumes that an increasing market share for Administration, SAE Passenger Car Meeting, June 

smaller vehicles necessarily leads to a higher proportion 1981. 

older drivers of these vehicles, and that the programs 3. L. Evans: Car Mass and Likelihood of Occupant Fa- 

that have been instituted to improve Roadside Barriers tality. SAE Paper 820807, June 1982. 

765 



EXPERIMENTAL SAFETY VEHICLES 

The increase in the Risk of injury in Traffic Accidents as a Result of 
Higher Test impact Speeds 

DR. WALTER SCHMID A completely different mechanism with regard to in, 

Daimler-Benz AG, Sindelfingen juries may result in crush injuries (bruises) if deformations 
of the cell surrounding the occupants are excessive. 

Only the "not causative" dependence of the change in 
]’HE PROBLEM                                   speed with regard to acceleration and intrusion on real 

vehicles permitted to consider these alone "temporarily" 
Extensive investigations of actual road accidents for a as a characteristic for the severity of an accident. 

number of years have already led to the result that vehicle 
manufacturers are testing the safety of their newly con- 
strncted vehicles by means of an impact test while se- 
lecting a test speed of 50 km/h for this purpose. Characteristics of the Severity of an Accident 

It seems rather obvious at first to expect the safety Even though, therefore, many injuries to the occupants 
value of a vehicle tested at a higher testing speed also to of a vehicle have a causative relationship with the accel, 
be higher. Such a thought may very well also have been eration of the vehicle, this characteristic is too hard to 
the basis of a draft with pertinent regulations issued by handle to characterize the seriousness of an accident be- 
NHTSA authorities who would like to arrange the various cause of its considerable versatility as a continuous se, 
vehicles in the order of their highest permissible test im- quence with regard to time. Only a few numerical data 
pact speed, should be required to describe what is essential. 

However, such an intention wi!l heighten the problem Such essential figures are the acceleration level, the 
of compatibility during a vehicle impact, duration of the effect and perhaps data concerning the 

More recent investigations have additionally shown shape of the acceleration sequence, such as triangular, 
that an aggravation of test conditions may not just reduce sinusoidal and saw-tooth shaped. The change in speed is 
the risk of an injury, but may even increase such a risk. the integral via the acceleration-time curve. The defor- 
Evaluating the results of actual accidents can in fact be marion path is also quite considerably dependent on the 
applied to show that with regard to the risk of injuries shape of the acceleration sequence. 
during front end accidents the present vehicle population The change in speed Av which can be interpreted fur- 
is optimally attuned and that any change may result in ther down always as a barrier impact speed, the mean 
a change for the worse, acceleration a and its deformation path s are therefore 

A careful analysis of the possibilities for obtaining an containing all the essential information of an acceleration- 
additional reduction of the risk of injuries by making time characteristic, adequate for many observations. Be- 
changes on the vehicle is presented below, cause the intrusion depends on the deformation, these 

three characteristics are also containing the cause for 
crush injuries. 

INJURY SEVERITY AND CRASH SEVERITY It is unfortunately not permitted to estimate the influ- 
ence of these three characteristics with regard to the se- 

R & D engineers of the automobile industry have al- riousness of an injury from a major number of real 

ways been entertaining the up to now unfortunately accidents. The three characteristics are not independent 

unfulfilled wish of finding physical, measurable in relation to each other. The relation named in equation 

characteristics on vehicle, which have a positive connec- (1) which is obtained directly from energy observations, 

tion with the respective accident or permit at least sig- applies 

nificant correlations. 
Av2 A change of speed or an equivalent test impact speed s = -- (1) 

is considered to represent such a characteristic, even 2a 

though it is well known, that at pertinently smooth brak- 
ing given changes in speed are free of risk for human Figure 1 shows a section of this relation which is of 
beings, interest for the passive safety of vehicles. Now, for ex- 

Consequently, acceleration (deceleration) of the pas- ample, the change in speed could be determined from (1) 
senger compartment provides a physically meaningful and only the mean acceleration and the deformation could 
characteristic, since the acceleration of the occupants is be considered characteristics for the seriousness of the 
causatively dependent therefrom, since the acceleration accident. Unfortunately, on real vehicles, these two char- 
of the occupants requires forces, which may cause injuries acteristics are also not independent of each other. It is 

when biomechanical boundary values are exceeded, therefore better, to find new, independent characteristics 
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T~ from ~nd of ~ ~Si~le ~nemlly p~i~s ~ 

~ "~ ~~’- ..... } ..... } ..... } .... ~ " derogations ~re lar~er, im~sion and d~fo~afion p~ 
’ / 

,’~~... 
are linked to each other according to equation (4), 

~ : .... Crash severity and car front softness are two ch~ac- 
o .s 

~~-~’z ..... 

r .... ~ ..... r ..... 

~ ’    : :    : ’~ ~ tefisfics which are independent of each other and are 
m " ~~ /~ /i pa~icularly suited for statistical ~alyses. 

.~~ Inju~ Seved~ 
"* ’~    "~    ~e    ~    ~    ~    ~e    ~    ee For the two basic quantities of the ~nvesfigated road 

....... Figure I. impact veloci~’ mean acceleration intrusion (de- accidents the injury severity of the vehicle occupan*s was 

.... form.). ~own and, as generally customary now, indicated 
numerical values of the Abbrevia*ed Injury ScMe (A~S). 
Fig~e 3 shows the result of a statistical analysis. 

contrast to many another investigation, the resulls 

with the assistance of factor analysis, which are in ad- meanin~ul inte~retations. 
dition also demonstratively inte~retable. We have ex- As usual in statistics, the abscissa values are 

.......... tracted two new characteristics and are calling them in standardized fo~. The numeral 0 represents ~he 

"crash severity" and "car front softness", dium value and the numeral I a deviation from mean 
value according ~o standard deviation of a nodal dis- 

Crash Sever~, and Car Front Softness The ]effhand diagram in Figure 3 shows that ~he 
We have investigated ~hree different ~nds of data quan- severity is widely dete~ined by *he crash severity. 

........... titles. Two b~ic quantities are coming from real acci- cause of the closed AIS scale, the cu~e bends in upward 

dents, where the chmuge in speed, the intrusion and the direction. 
mean acceleration could be measured, estimated or miss- The fighthand side of Figure 3 shows the influence of 
ing data could be dete~ined by simulation with math- the car fron~ softness. ]f it is ~oo stiff, if the softn~s 
ematical models in a most versatile number of ways. The too low, the injury severity increases due ~o unnecessarily 
third data quantity comes from a major number of ex- 
peHmemal investigations, in which real vehicles crashed 
with fixed b~fiers. The desired output data could be 
measured directly. All types of crashes (collisions) were 
included in which essential defo~ations of the car front 
occurred. VEEOC ~ TY k 
A factor analysis provides for all basic quantities a first 

factor "crash severity Is", equation (2), which is shown ......................................... ~:~.ffL~ 
as a sum of the influences o~ the three characteristics of 
change in speed, mean acceleration and intrusion. The 
second factor with a little less info~ative content (Figure 

2) can be interfered either as a difference (equation (3)) 

or even as a quotient from intrusion and mean acceler-                          ~ 

ation. This factor has been called "car front softness" Fs. 

Cv = .4645 / 11.18 km~ (2) ’ 

c~ = .3833 / 3.637 g ~ 

c~ = .3572 / 185.2 mm 

Fs = ea . ~ + ei ¯ ~ .- ................................................................................... 

e. = --0.7502 / 3.637 g (3) 
e~ =    .8489 / 185.2 mm ~igure 2. A factorial analyse. 
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Deformation Path and Crash Severity 

., \’~ ~" """ According to equation (2) the crash severity comprises 

the sum of the influences of the three characteristics 

"change of speed", "mean acceleration" and "intrusion". 
~ At a preset change in speed the first characteristic is 

~ 
° constant (parallel to abscissa in Fig. 4). According to 

~ equation (!) the mean acceleration drops hyperbolically 

* ~’ .... with the increasing deformation path, with increasing 

softness. If the deformation path exceeds the intrusion- 

free path So, the intrusion increases with the increasing 

.......................... deformation path. 

Following an initially heavy reduction of the accident 

Figure 3. Statistical analysis injury severity" impact severity severity under influence of longer deformation paths at 
and car front softness, similar change in speed, the latter will again increase if 

the deformation paths are too long and has its smallest 

high accelerations. If, on the other hand, it is too soft, value at Sopt. 

increased intrusion will cause injuries which are more With a small So, this smallest value is a minimum in 

severe. In-between is a minimum, to which vehicles now the mathematical meaning and Sopt is larger than So. In 

operated in Europe are obviously adapted and averaged, such cases, when adapting to the selected change in speed, 

a given intrusion is permitted to obtain the benefit of the 

smallest possible crash and thereby injury severity. 
FOR INFLUENCING THE 

In the event of larger So values which, for example, due 
RISK OF INJURIES to the need for the lightest possible vehicle and the finite 

As shown, the car t¥ont softness of our vehicle popu- length of parking lots, parking gaps and garages, can 

lafion has been averaged optimally to the smallest possible unfortunately often not be realized, the deformation char- 
risk of injuries. Distinct changes of this softness can there- acteristic is selected in such a manner that the mean 
fore cause only minor increases of the risk. For this rea- acceleration is as low as possible, but that no intrusion 
son, we shall devote our efforts particularly to the will as yet occur. In such cases, the smallest risk is in the 

possibilities for influencing crash severity by means of sharp bend of the crash severity curve, as shown in 

st~ctural measures. Figure 5. 
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Sopt is based on equation (5) At a specified test impact speed Vo, which corresponds 

widely to the change in speed Av, the vehicles are adapted 

.IAv c_/ca -v- Sop, > So to this speed, that is, set more or less accurately to Sop, 

.......... 
Sop, [ ~12ci 

at mostly constructively preset So. 

(c, from ci from equation (2)!) (5) 
If, then, during an accident a change in speed Av occurs 

which is different from the test impact speed vo, the vehicle 

So in the other cases is of course generally also not accurately and optimally 

set to this hv as an equivalent test impact speed. To what 

The result will be all the points of optimal adaptation extent the injury risk will thereby be made slightly higher 

to a given change in speed Av at various deformation depends among others also on the force,path character- 

lengths So shown in Figure 6. Figure 7, on the other hand, istic of the car front end. 

shows the deformation path so with a varied change in 

speed Av. 

Deformation Characteristics 

Ordinarily, the deformation behavior of a vehicle front 

..... ve - sa km/h so .~ end is characterized by the force-path curve. For a survey, 

often a general statement concerning the shape of such a 

curve is enough. Starting from the assumption that the 

mean force Fop, fitting a mean type of acceleration and 

>_ ~ the deformation path Sop| at a given change in speed Av 

~- is known, we are interested above all in the curve path 
rv ~ . in the direct environment of the point (Sop,, Fop,), which 

> ~a 
is drawn with an asterisk in Figure 8. 

tn ~ Let us now approximate the force-path curve of a ve- 
I I.~ 

~- ~ ~. 4 hicle with a function according to equation (6) 

x F(s) -- Fop, (6) 
........... ~ 2--~e 2--~e 

| 

in the environment of (Sop,, Fop,), we can read on exponent 
...... ~ ..... ~ ........ ~ g , .~ . . t ~.~ 1.~ a (in Figure 8 designated Exp) whether the deformation 

DEFORHtqT ION m characteristic is linear (~e = 1), underlinear (~e < 1) or 

overlinear (~e > 1). Three typical cases are drawn in 
Figure 6. 

Figure 8. 

$8 - .45 m V8 km/h 

? 

W ~ 5~ 

W 4 4B 

I 30 w 

BEFORHRT I ON m DEFLECT I ON m 

Figure 7. Figure 8. 
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Simple conversions permit changing relation (6) into 
~ " .45 m    ~xp ~ .5 V~! km/h 

~uafion (7), w~ch we shall need below. 

( ~o) 

INJURY RISK AND TEST IMPACT SPEED ~u ,’     ,’     ,’ 

lawmaker for a given front end impact procedure be Vo. , ~:.... ,    ; . .... 
The vehicles participating in the traffic and for this reason 
tested will also be optimally set up for this test case and 

r T S km/h 

the crash severity wil! be set to the minimum value pos- 
sible in this case according to equation (2)~ 

Figure 9. 

Crash Severity and Equivalent Test Impact 
Speed .... ’,. ’, ’, : : 

In the event of an accident the occurring equivalent 
t~t impact speed v (ETS) will be different from Vo. The 
resulting i~ury risk can now be estimated by using equa- ,    , 
tions (7), (1), (4) and (2). Figure 9 shows the progress of 
the crash severity for so = 0.45 and a = 0.5 for different .~ ...... ,~ ...... ,~ ......... , ...... , ...... , 
test impact speeds Vo over equivalent test impact speed v 

(ETS) of re~ accident. 
The frequency distribution of the equivalent test impact 

, [ ...............: ~ ff~,__._’,, ...... ,,~ ............. :     , 
s~ of real accidents shown p~inted in Figure 9 is 
characteristic for European conditions. 

Figure 9 shows clearly that the crash severity in each 
case is the lowest for test impact speed Vo, but for other 

E T S k m/h 

E:FS tggher than the lowest possible there. Figure 10. 

~njury Risk and Test Impact Speed 
~xp = .5                                             ~8 m 

and probab~ty W of an unfavorable event according to 
~.~ ...... 

R = S. W (8) 

Let us therefore multiply in Figure 9 the frequency ,    ’, ’,    !    ’,    ’,    , 
with the severity of an accident and the result will be the 
crash risk in dependence of the equivalent test speed v 

m 
,!     ,i     ,! i,      ,!      ,i      ,i    i, 

(ETS) with test impact speed Vo as parameter (Fig. 10). ~ ’’~ ....... ,r ...... ,r ............. t, ...... ,r ...... r, ...... r, ...... :, 

According to Figure 3 this risk is closely coupled with ’ ....... 
the injur3’ risk. 

We can now estimate the entire traffic :risk by inte- 
~ -- ; .......... l ..... I I ; ’":! ...... -L __J grating the curves shown in Figure 10 and are then ob- ,. ~ ~. ~ . . r~ . .... 

raining a function w~ch will then still depend from test T E S r - S P g 
impact speed Vo only. This is shown in Figure 11 for m - 
= 0.5 and various intrusion-free deformation paths So. Figure 11. 
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~.~ ....... L ...... ~. ...... L ...... L ...... ~ ...... ~ ...... : .s 

....... ,,. ...... ,,. ...... ,,. ...... , ...... , ...... , ...... ~ .... ~ .................... 

’     ~ I     I ~ ~ ~ ....... ~ ...... ~ ............. " ...... ~ ...... ~ ...... ~ ...... 

TEST-SPEED 

Figure 12.                                           Figure 13. 

The selections shown in Figures 12 and 13 are a~ = 1 Here, the test impact speed at specified test procedures 

and a~ = 1.5. plays an important part. It is shown that the extent of 

Independent of form (a~) of force-path curve of vehicle this test impact speed cannot be selected at will, if only 

front end and independent of intrusion-free deformation to make sure that the injury risk is not unnecessarily 

path so Figures 11 to 13 show that an increase of the test increased. 

impact speed cannot contribute to a desired reduction of As shown in Figures 11 to 13, the impact speed of 50 

the injury risk, but will generally even increase this risk. km/h provided for the 90° barrier test is already too large 

for European conditions and European vehicles are there- 

fore already now provided with an unnecessarily high 
SUMMAFIY 

force level. A test speed of 40 km/h would be better. The 

order of precedence of motor vehicles in accordance with 
A careful analysis of data concerning real accidents 

their highest permissible test impact speed as proposed 
shows connections which are opening possibilities to es- 

by NHTSA is therefore not promoting safety. As a matter 
timate the influence of different adaptations of defor- of fact, exactly the opposite might be obtained and traffic 
marion behavior of vehicle front ends to injury risk in an 

on public roads might become worse! 
observed traffic procedure. 

Data Integrity Assessment of the New Car Assessment Program 
Crash Tests 

WILLIAM THOMAS HOLLLOWELL New Car Assessment Program, this project continues to- 

National Highway Traffic Safety day and involves subjecting passenger vehicles to various 

Administration modes of crash testing. This paper presents the findings 

to date from an ongoing assessment for investigating the 

RUDY H. ARENDT integrity of the crash test data. Additionally, the method 

MGA Research Corporation utilized for determining the accuracy of a crash facility 

data acquisition system is presented. 

ABSTRACT 
INTRODUCTION 

In 1979, the National Highway Traffic Safety Admin- 

istration initiated a program from which to rate the com- In 1979, the Office of Automotive Ratings of the Na- 

parative crashworthiness of automobiles. Entitled the tional Highway Traffic Safety Administration began a 
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prqiect to explore the feasibility of establishing a rating The test site instrumentation study has been divided 

system on the comparative crashworthiness of automo- into two phases. The first phase has been completed and 
biles. Its purpose was to generate these ratings before or consists of the following activities: (1) a survey of the 

sufficiently early in the model year to provide useful in- crash and sled test facilities, (2) the design and devel- 
forraation to new car purchasers. This project, entitled opment of a signal wave generator, (3) site visits to each 
the New Car Assessment Program (NCAP), continues of the facilities to inject waveforms from the newly de- 
today and involves subjecting various makes and models veloped signal wave generator into the data acquisition 
of passenger vehicles to frontal fixed barrier and rear systems, and (4) processing of the recorded data and the 
moving barrier impacts at speeds of thirty-five (35) miles analysis of the resulting data [2]. 
per hour. In these tests, extensive instrumentation is used As stated, the first activity of Phase I was the facility 
to develop both structural and occupant (Part 572 An- survey. A questionnaire was developed and sent to all 
thropomorphic Test Devices) response data. To date, tests participating facilities. See Table 1. The survey was to 
have "been conducted at four different crash facilities and provide a summary of the facilities’ equipment and char- 
have been used to compare the performance among the acteristics and was intended to serve two purposes. First, 
complete set of test vehicles. These data have been re- the assimilation of such data would provide a basis for a 
viewed by both the NHTSA and an independent orga- general assessment of the range of facility characteristics. 
nization (1). During this process, it became evident that Secondly, such information was necessary to ensure that 
differences in test equipment and/or practices among the the signal generator outputs were compatible with all of 
facilities might have an important effect on the ability to the facility data acquisition systems. 
make detailed comparisons of the overall test results. Information relative to the topics shown in Table 2 
Similarly, the occupant response data for a given test were was requested. As can be seen, the general topics include 
processed and reported without an evaluation made of the accelerometer sensors, the instrumentation amplifiers, 
the quality of the reduced data. For these reasons, a study time zero systems, data calibration, tape recorders, impact 
has been initiated to provide a rigorous assessment of the velocity measurement systems, and tow system charac- 
data integrity. The study consists of two distinct efforts, teristics. 
The first is a test site instrumentation study. The second The second activity of Phase I was the design and 
is an in-depth analysis of the integrity of the occupant development of a signal wave generator. The test site 
response data acquired from the crash tests, This paper instrumentation study was dependent upon having essen- 
is written to present the findings to date of these efforts, tially the same signals injected into the data acquisition 

systems at each facility. For this purpose, a unique solid 
state, digital based signal wave generator was designed 

TEST S~TE INSTRUMENTATION STUDY and developed. Shown in figure 1 is the device used 
in Phase I. Six different waveforms were def’med and 

As mentioned, differences among test facilities might stored in Erasable Programmable Read-only Memory 
have an important effect on the ability to make detailed (EPROM). The waveforms are read from the EPROMs 
comparisons of crash test results. Even though the and then converted to analog signals. The use of EPROMs 
NHTSA has been contracting for testing at various or- for waveform storage assured constant signal conditions 
ganizations for many years, a method has not been es- at all facilities. The generator provided for three simul- 
tablished for evaluating the differences among test taneous outputs of analog signals which may be injected 
facilities. Contractual requirements simply specified that into the facility data channels. In addition, a high level 
the data acquisition procedures must conform to the So- analog signal, which bypassed the facility signal condi, 
ciety of Automotive Engineers Recommended Practice 
J211B, entitled "Instrumentation for Impact Tests." As 
shall be den’lonstrated later in this paper, conformance to Table 1. Participating facilities in the test site instrumentation 
the requirements of J211B does not necessarily ensure study. 
that lhcitities-related differences are insignificant, partic- 
ularly with respect to measures of occupant injury criteria. General Motors Corporation 

Approved Engineering Test Laboratories Hence a study was initiated to investigate the data ac- 
Calspan 

quisition and reduction practices of NHTSA crash and Motor Vehicle Test Centre 
sled testing contractor facilities. Also, the study was to Wayne State University 
identify differences in procedures or practices which may Highway Safety Research Institute 

cause problems in comparing test results, and recommend Transportation Research Center of Ohio 
Dynamic Science .... guidelines whicl~ will minimize the effect of these differ- 

Minicars 
ences. The effort was conducted by MGA Research Cot- Mobility Systems and Equipment Co. 
poration under Contract DOT-HS-8,01936, entitled "Test Physical Sciences Laboratory 
Site Instrumentation Study." Southwest Research Institute 
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Table 2. Facility survey topics As mentioned, six waveforms were stored in the 
EPROMs. (See Figure 2.) The first waveform was a burst 

Accelerometer Sensors of sine waves having nine different frequencies which 
Output impedance range from 25 Hertz to over 12000 Hertz. This pulse 
Sensitivity 
Rated excitation provided a means from which to assess filter attenuation 

Natural frequency as a function of frequency response. 
Damping ratios The second waveform consisted of a continuous series 
Wiring diagram of seven triangular shaped waveforms that had successive 
Sensor connector reductions in their period. This pulse provides a means 

Instrumentation Amplifier 
Differential input to determine attenuation and time shift of a triangular 

Approximate input imPedance response as a function of period. 
Typical gain range The third waveform consisted of a series of nine rec- 
Data channel input tangular segments having various time duration and each 

Time Zero System separated by a five millisecond interval. The attenuation 
Type of sensor 
Wiring diagram and time shifts may be determined under a range of input 

....... Data Calibration rectangular shapes. 
........ Pro test The foui~h waveform was selected to represent a severe 

Post test dummy head impact condition. The waveforrn was the 
Amplitude resultant acceleration of a head response recorded in a 
Calibrate pulse time properties 

Tape Recorder passenger dummy during a 35 mph frontal barrier crash 

Input impedance test. The waveform is characterized by a very high, short- 
Input voltage amplitude range duration spike. 

Impact Velocity Measurement System 
Operating principle 
Redundant measurement 
Measurement accuracy 

Tow System Characteristics 
Impact speed control 
Impact speed repeatability *~ULL SCALE’-- 

tioning system, could be recorded directly. Hence, a ZERO 

preliminary check of instrumentation response 
characteristics was available at the facility immediately 

........... after recording the signal. Depending upon the waveform, -~ULL SCALE 
a signal was deleted on one of the three instrumentation !" ~.~ ~o ~I 

channels. This combination of signal inputs permitted the 
determination of the system noise from the deleted chart- ÷FULL SCA~E 

nel response and a comparison of response characteristics 
between two channels under identical input conditions. 

ZERO 

-FULL SCALE 

Figure 2. Waveforms injected during Phase I test site 
Figure 1. First generation signal waveform generator, strumentation study. 
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SC~L~ 

time 
"~--~ 154 0%) 

~ 

SCALE 

Figure 3. Setup of Phase I signN waveform generator. 

umbilical cable. After a verification of the overall system, 

r y-- 
continuity and voltage levels, the waveforms were re- 
corded. This was done by playing in sequence a calibrate 

1_ t---[--[--                                 waveform followed by the six test waveforms. The process 
ZERO 

t ~ 

was repeated to provide redundant data for subsequent 
processing. 

r--’r-- The next activity was the data processing and data 

-.r,~. sc~ L __~ analysis. The data recorded during the playing of the six 

~ ~ s,~ u,,~) -- -q waveforms were digitized by each facility and the resulting 
digita! data were processed by the facility through its data 

Figure 2 (Cont’d)2 Waveforms injected during Phase I test reduction software. Each facility was requested to process 
site instrumentation study, the data through their SAE Class fitters (Class 60, 180, 

600, and 1000). Additionally, the faciiities computed the 
head injury criteria (HIe) for the two head pulses. The 

The fifth waveform was selected to represent a more data were also processed by the NHTSA through its crash 

typical dummy head impact condition. The waveform is test data base system. 

the resultant acceleratiori of the head response for the The first analysis undertaken was to determine the 

driver in the same crash test from which the previous frequency response of each facility data acquisition syso 

crash pulse was taken, tern. This was accomplished by determining the amplitude 

The sixth and final waveform was a staircase pulse of the nine different frequencies of the injected sine bursts. 

where input full scale attenuation ranged from negative These amplitudes were in tur~ contrasted to the known 

to positive one hundred percent in increments of twenty input values. Shown in Figure 4 are the results obtained 

percent. This pulse provides a means for assessing the for the Class 1000 data. The amplitude variations for the 

overall system linearity, given test frequencies are designated by a wide banded I 

The third activity of Phase I was to make site visits to for the facility reduced data and by a narrow banded I 

each of the participating facilities. The purpose of the site for the NHTSA processed data. Information for only 

visits was to review the collected survey information with seven of the nine frequencies were plotted. The two higher 
the facility operators and to inject the six waveforms into frequencies were attenuated sufficiently such that the am, 

the data acquisition systems. To accomplish the latter, plitudes were unreadable. As can be seen, all amplitude 
the waveform generator output cables were connected to bands fall within the allowable SAE J211B Class 1000 
the signal conditioning amplifiers. The amplifiers were corridors except for those at 1250 Hertz. At this fre, 
connected to the data recording system through an urn- quency, some of the facilities were below the accepted 
bilical cable (See Figure 3). The signal waveform gener- boundary. 

ator time zero and high level output cables were also At this point, no statement could be made concerning 

connected to the data recording system. These by-passed the accuracy to which a facility could provide for the 
the facility signal conditioning amplifiers, but in some injury measures. A determination of the frequency re. 

cases were connected to the recording system through the sponse from the dummy responses would first be neces- 
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milliseconds. The effects of the time accuracy on the 
~ ~ .................................................... injury measures are varied. For example, the severity 

!! = ...... indices calculation errors would be directly related to the 
’ ;~ ..... time linearity errors. That is, a ten percent error in time 

~- ~.: ............. ~- ......................... linearity would result in a ten percent error in a severity 
~ :: index (Head Injury Criterion or Chest Severity Index). 

A more subtle error would be derived from a modified 
- :: : frequency content that would result from time linearity 

~ :: : errors. Slight differences in amplitudes would result from 
~ the filtering of data through a Class 1000 filter in which 

!! the time linearity of the data has been modified. This 
~ ; type of error would be minimal when the head response 

~ - ~<~;;:: ~:-7~:.~.. : . ::;;:: ~ : :;:;:: ~ v;::;:; :-v.-::;.: is characterized by low frequency contents, but would 
............. increase as higher frequency components are excited. Such 

excitation could be caused by the head striking a steering 
Figure 4. Comparison of frequency response for facility and column or dashboard. 

NHTSA data. The amplitude accuracy of the data acquisition systems 
was determined by measuring the amplitudes for the 

sary. However, a more direct approach is available known but varying levels of the staircase waveforms. The 

through the determination of a facility’s time accuracy results of the amplitude linearity analysis are shown in 

and amplitude accuracy. Figure 6. The error, in percent of full scale, was deter- 

The results of the time accuracy was obtained by meas- mined for each amplitude levet. The peak error for the 

uring and contrasting to the known values the time of facility reduced data was twenty percent as compared to 

occurrence of the leading edges of the repetitive rectan- the eight percent error determined from the NHTSA 

gular pulses. The known input times for the pulses ranged reduced data. Amplitude errors have a more substantial 

from zero to approximately seventy-five milliseconds, effect on injury measures than the time accuracy errors. 
This provided a check for the time zero accuracy as well Rather than having a linear effect on the severity indices, 

as the measure of the time linearity. Shown in Figure 5 the error would be raised to the two and one-half power~ 

are the results for the time accuracy. The time zero ac- For example, an amplitude error of six percent (1.06 times 
curacy was bounded by a 1.6 millisecond band for the the known value) would result m a severity index error 

facility processed data and bounded by a 2.5 millisecond of 15 percent. The above analyses are the results of the 
band for the NHTSA processed data. The time linearity extreme values found from the combination of the data 
over the seventy-five millisecond duration resulted in er- from all the participating facilities. 

rors as large as ten percent. The errors included both The following analysis is more representative of what 

time expansion and time contraction. However, the max- minimum errors are found in the injury measures. This 

imum time contraction was approximately four millise- analysis involved the calculation of the HIC for the pre- 

conds as compared to a maximum time expansion of eight viously described Crash I and Crash H waveform. Shown 

:igure 5. Comparison of time accuracy for facility and     Figure 6. Comparison of amplitude accuracy for facility and 
NHTSA data.                                       NHTSA data. 
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in Figure 7 are the results for the Crash I waveform. The emphasized that the above errors were those found for 

dash lines in the figure indicate levels that are ---5 and all the participating crash and sled testing facilities. For 

-+ 10 percent deviation from the known values. As shown, the crash test contractors participating in the New Car 

the deviations are as large as thirty-five percent for the Assessment Program, the maximum deviation was ulti’ 

facility calculated HIC values. The maximum deviation mately determined to be ten percent. This determination 

calculated using the NHTSA HIC software was ten per- was made after one facility resubmitted a data tape to 

cent. In reviewing the software used by the facilities for the NHTSA. The facility’s self analysis of their data led 

the HIC calculation, a number of strategies were found to their correcting a playback problem with an analog 

in which the intended purpose was to minimize the com- tape recorder. 

purer run time. It was determined that these strategies The aforementioned studies concluded the effort of 

often failed to provide a maximum HIC value. Hence, Phase I of the Test Site Instrumentation Study. The use 

the NHTSA test contractors were advised to use software of the waveform generator was determined to be a viable 

provided by the NHTSA. approach through which to systematically evaluate data 

Shown in Figure 8 are the results for the Crash II acquisition systems. Its limitation was that the output 

waveform. The maximum deviation for the facility cal- signals numbered three low level signals and one high 

culated HIC for this waveform was seventeen percent, level signal. This is a substantial drawback in that an 

The corresponding deviation for the NHTSA calculated average of seventy channels of data is collected for a 

HIC values was twenty-two percent. Again~ it should be typical crash test conducted for the NHTSA. Hence, a 

¢:~ WAVE FORR @ ! I’EC NUI’i~ERS 

{~ENERATOR NI-fi’SA ~ ) 

AE’IL- CA (CRASH) FACILITY .......... El0 1 l 1 I 

CALSPAN (CP..ASH) FAC’rLT’r¥ ~ 

HSRI (SLED) FACIL’CrY .......... l l 0 [] I i 

~NXC~S (CR~SH) FACILITY .......... 0 El 

"3:NXCARS (SLED) FACILITY .......... I I0 El I l 
NH’TSA o ~ 

cc As.> FACILIT’¢ .......... I 1 *= I I 
NH’rSA { El 

1 1 I I 

FAC LX Y .......... I I I 
N~S~ 0 

Figure 7, HtC numbers for Crash 1 waveform. 
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CRASH ’WAVE FORH ~ 2 HZC 

A~_ - o,, <~R,,sH~ FAO’--,’~Y .......... ,, 0 
..T=A I IA o ! i O - A 

AETL- VA (CRASH) NHTsAFACTLTTY .......... I I I i__~ ,~ -- B 

NHTSA 

NHTSA 0 

NHTSA 0 

I 
.HTS, 

MVTC <CRASH) FACTL~TY .......... 
I I A I O I 

SWR.I~ CSLE1)) FAC~ILTTy .......... 

I , ,    I , , I __ 

500 62S 750 875 1000 

Figure 8. HIC numbers for Crash 2 waveform. 

Phase II effort was initiated. The purpose of Phase II was bits contained in the EPROMs and comparing to a value 
to refine the design of the signal waveform generator such stored elsewhere in the device. The voltage outputs are 
that a more rigorous analysis of a data acquisition system evaluated by performing an analog to digital conversion 
could be accomplished. Furthermore, the Phase II effort of an output signal and comparing the peak value to a 
was to provide recommended performance specifications quantity stored in memory. The time accuracy check is 
to which the data acquisition system must conform. The accomplished through comparisons of redundant crystal 
specifications are intended to minimize the differences clocks. The signal waveform generator has sixteen low 
observed among the various facilities, level output data channels and two high level output data 

Shown in Figure 9 is the second generation signal channels. The low levels signals may be selected to sim- 
waveform generator. Its salient features include the fol- ulate a piezoresitive or a strain gage type transducer. 
lowing. It is a small, portable, and self-contained instru- The output signals are composed of various waveforms. 
ment that can operate with a 115 volt, 60 Hertz power These include rectangular and staircase waveforms, 
source or a 220 volt, 50 Hertz power source. The instru- waveforms that represent the x, y, and z components of 
ment utilizes an Intel 8085A microprocessor for its con- a typical crash pulse, waveforms that are half sine pulses 
trol. There are three self-testing features to assure the and summed sine waves, and a waveform consisting of 
proper functioning of the device. These include self tests white noise. 
on the stored waveforms, tests on the output voltage Shown in Figure 10 is the rectangular waveform. Its 
amplitude, and tests on the time accuracy. The waveform objectives are to determine channel time accuracy (time 
accuracy is accomplished by summing the waveform data zero and time linearity), to determine channel overshoot 
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+FULL     
~E 

8CALE 

TIME 

-FULL                                        "-~ 

SCALE 

~ 125 MS ~ 

OBJECTIVES: 

e DETERMINE CHANNEL AMPLITUDE RESPONSE ACCURACY 

e DETERMINE CHANNEL TIME RESPONSE ACCURACY 

Figure 11. Phase tl signal waveform generator staircase 
pulse. 

x           ._.___..l~.f~     X-AX~S 
Figure 9. Phase II signal waveform generator. T 

and risetime response, and to determine the time shift 
from channel to channel. 

The staircase waveform is shown in Figure 11. Its pur- Y-AXIS 
pose is to determine channel amplitude response accuracy Y 

and channel time response accuracy. 
The waveforms for the typical crash pulse are shown 

m Figure 12. The y-component has been set to zero to 

Z-AXIS 

SCALE                                                  I         ~ 

Figure 12. Phase II signal waveform generator typical crash 
pulse. 

125 MS                                 ~ 

oBJECTives: provide a basis for determining the level of noise in the 

system. The resultant of the components will be utilized 
-r~MB Z~RO tO determine the accuracy of a low HIC value. 
-T~M~ L~NEA.,TV 

The waveform consisting of the summation of the sine 

waves is shown in Figure 13. Its purpose is to determine 
the channel frequency response for discrete frequencies. 

Figure 10. Phase II signal waveform generator rectangular For this analysis, a fast fourier transform shall be used 
pulse, that employs windowing techniques. 
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OBJECTIVES: 

= DETERMINE CHANNEL FREQUENCY RESPONSE 

AMPLITUDE RATIO 

PHASE LAG 

Figure 13. Phase II signal waveform generator sine sum- 
mation pulse, 

125 MS 

The half sine pulses are shown in Figure 14. These are OBJECTIVES: 

prescribed to simulate a demanding crash pulse. The o DETERMINE A CONTINUOUS SPECTRUM FREQUENCY 
waveform shall be used to determine the accuracy of a RESPONSE 
high HIC value and to determine the channel to channel ¯ DETERMINE A CONTINUOUS SPECTRUM PHASE 
time shift. RESPONSE 

The final waveform is shown in Figure 15. It consists Figure 15. Phase II signal waveform generator white noise 
of a white noise signal that is to be used to determine a pulse. 
continuous spectrum frequency and phase response. This 
analysis is to be accomplished by using a fast fourier 
transform along with random sampling techniques, ment shall be evaluated to determine the merit of 

The signal wave generator was completed in September the recommended data acquisition performance 
1982. To date, the device has been deployed at the Motor specifications. 
Industry Research Association (Nuneaton, England), the The recommendations include both performance spec- 
Organisme National de Securit6 Routi~re (Lyon, France), ifications as well as recommended practices. Relative to 
and at Volkswagenwerk AG (Wolfsburg, Germany). It the performance specifications, the recommendations 
shall be deployed at the United States facilities beginning sentially adopt the International Standards Organizations 
in October, 1982. The results obtained from the deploy- standard 6487, "Road Vehicles-Techniques of Measure- 

ment in Impact Tests-Instrumentation". In particular, the 
amplitude accuracy of a data acquisition system is rec- 
ommended to be within a - 2.5 percent deviation range. 
The time linearity of the data acquisition is recommended 

A ~ _ --~ 200 G’S to be better than 1 percent, time synchronization less than 

/\ one millisecond, and the time of contact accuracy to be 
within --- 1 millisecond. For those channels that are used x 

’ \ to compute resultants, the relative delay between such 

~ ,,. are not to exceed O. 1 milliseconds. 

-’~ T ~- 
T The recommended data acquisition practices include 

those of the SAE J211B. In particular, the mimmum 

i 
\ / sampling rate is specified to be 8000 Hertz. Also, the filter 

/~ characteristics are defined for the Class 1000 data. An- 
z 

\ / other recommendation included the recording of the time 
\ / reference signal. The final recommendation was that the 

200 a’s                 zero and calibrate signals be recorded for pre- and post- 

test. 
OBJECTIVES: 

= DETERMINE THE HIC COMPUTATION ACCURACY 

¯ VEaIFY CHANNEL TO CHANNEl. TIME SHIFT        IN-DEPTH DATA ANALYSIS 

Figure 14. Phase II signal waveform generator demand The second effort initiated for the assessment of the 
crash (half sine) pulse, data integrity was an in-depth analysis of the occupant 
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response data. For each frontal crash test conducted since 
198 ! for the NCAP, the following studies were conducted 
in-house at NHTSA: 

1. Comparison of injury calculations. 
2. Comparison of driver and passenger resultant head 

acceleration data: 
3. Comparison of driver and passenger resultant chest 

acceleration data, 
4. Comparison of driver and passenger shoulder belt 

load data. ~, ::::::::::::::::::::::::::::::::::::::::::::::::::: 
:~’-i~i!-T"i’"T-:-"-T@~"i’’i 5. Comparison of driver and passenger lap belt load 

data. 
6. Comparison of driver and passenger femur load 

data, 

The purpose of the studies was to provide a review of 
the crash test results before the release of the data to the ~’g 

public. The attention the NCAP has received makes it 
crucial that the results from each test be closely examined 
to ensure the quality of the data. 

While the test site instrumentation study focused on TIME (SECONDS) Xl~**3 
the accuracy of the data acquisition system, the data 
comparisons focused on the sensor (accelerometer and Figure 17. Comparison of driver and passenger resultant 
load cell) outputs. In particular, attention was focused on head acceleration noticeable deviation. 

the data from time zero until dummy contact. During 
this time period, the response of the driver and passenger 
dummies should be identical under the assumption that seen, the response for the two dummies are closely 
the vehicle related parameters do not vary. matched up to the point of contact. Shown in Figure 17 

Shown in Figure 16 is an overlay of the head resultant is an overlay in which there is a noticeable difference in 

acceleration data for a test conducted in 1982. As can be the traces. In determining the quality of these data, it is 
necessary to review the remaining sensor outputs. In par- 
ticular, the chest resultant acceleration and shoulder belt 
loads receive close examination. Here, the assumption is 

~ ............. ~ made that if the head data are valid, the same trend will 

¯ ,,. . ~:ili 211:~ili:iiiiiiiiiiiiiiiii:i:i!2i!ii!iiiiii:ii~i:ii,ii(ii~iiill be observed in the chest acceleration and shoulder belt 
~ : i . . ...,, ~.!_.:...~...L-i,..i....k...i...,i.:..i...i..:...::.,..i....i....i.. 

.................... load cell data. As seen in Figures 18 and 19, this is the 
case. This is a test in which it is concluded that the 

~ ~..~i_,.i.,,.i@.i...i,..,i~.,i.i@+..+. 
restraint system performance varied between the driver 

~ " iii:iiii:::i::ili:ii:i::::i::ii::::i:i::i::::iSi:i::!Z:i and passenger belt. A review of the test films substantiated 
this conclusion. 

,. ....... i....~....i,...~.~..i.,-i..,.i..,.~....~-i...~.-.~. The above mentioned cases are those in which the data 

~ -!..---.@i---i--i--i---i-------i---ii@i-~-i ...... i@ii---ii-i---i--i-i-i! were determined to be acceptable. Occasionally, data have 

~ .... ..... i....~...!,...;..:.,-..i..,.i..,;..i-;.,~....!., been received in which this was not the case. The primary 
~’~ ~-i-~~~i~~~~~ ...... ?"~"~~~;~~~~"~~~ reason accounting for an unacceptable data set involves 
=’, ~ . ~ : ; ~ ~ ~ ~ ~ the calibration of the data to physical units. The most ~ .... i~-i..-.,,..,-.i....i.-.i,.,.i....i...i..-r..~....r,.~...,r.. 

,- "~~--~-~-i-~-~-~~~~~;~’ ’;~-ir~~~--~r~;: common error is that there is a zero offset in the data. 
~** .............................................................. ’ .... 
~i ......... L.L,L.~.:..L.L.L..L,.L..L.I., According to the character of the response, a zero offset 
~ ...................................... ~+-~ ............ ~- ................. ~ ...................... ~-~ may have a substantial effect on the HIC calculation. In 
=,, .................. ................... .................. ~,,.~..,,~,..~,..,~-.,-~..-.~...,~----~~ viewing a resultant trace, these effects are not necessarily 

¯ ~ .....~.,,~ ,.~,.:.....~,.- : :..i.,..~4...i ................ i.,,.i, easy to detect. Large peaks in the data often mask the 
~~ ~: ~ ~ ~ ~ ~ offsets when viewing the data on hard copy plots. To 

..... I compensate for this masking, a technique has been de- 
¯ ~, veloped through which better judgments can be made as 

TIME (SECONDS) Xl~**3 to the quality of the data. An algorithm was developed 

Figure 16. Comparison of driver and passenger head re- which computes the mean of the driver and passenger 
suttant acceleration close agreement, head acceleration up to the point of head contact. A new 
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newly generated data sets, it is possible to make better 
judgments concerning data quality and zero offsets. Fig- 
ure 20 provides an example that demonstrates consistency 

I between head and chest response. Figure 21 provides an 
,a !!!i! !iiiii!i!!!!ii!!!!i ii!!!!i! !ili iii!!!i! if!! Li example in which a zero offset is clearly visible. In such 

a case, a contractor is required to re-examine his data 
~" ’ !!!! i!!! !!ii !!!! !if! i!i! !ii! !!i !!!! !!!! !!i !!i!...~i reduction in order to provide a better data set. 

- 

~ II    ts.lm"IIMES~’m~(SECONDS)Ts’~ X 10,-3    l~. I~ Its.m~ l~.I~ 

Figure 18. Comparison of driver and passenger chest 
resultant acceleration. 

’1 
data set is then generated by subtracting the computed 
mean from the driver data set and dividing the resulting 
data by the average value of the mean data set. This ’~.~    ~.~ 

TI~E (SECONDS) X lg**3 

process is repeated for the chest data using the time of 
contact determined from the head data. In comparing the Figure 20. Comparison of deviation from mean for head and 

chest acceleration. 

TIME (SECONDS) X10-.3 TIME (SECONDS) X10--3 

Figure 19. Comparison of driver and passenger shoulder belt    Figure 21. Comparison of deviation from mean for head and 
load.                                             chest acceleration zero offset. 
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As demonstrated, the determination of data quality is anticipated that this device will be used to determine 
largely subjective. This judgment often requires substan- conformance to performance specifications for data ac- 
tial man hours before determining the disposition of a quisition systems. The instrumentation study indicates 
data set. It is anticipated that an automated means for that the severity indices are at best accurate to within ten 
assisting in the determination of the data quality will soon percent. This accuracy will be improved to six percent if 
be available. The aforementioned algorithm provides a the recommended specifications are adopted. Exhaustive 
step in this direction, studies are made to determine the quality of the data 

Other studies are under way to evaluate the injury collected. Ongoing efforts are directed toward replacing 
measures as a function of dummy kinematics and inter- these largely subjective evaluations with automated pro- 
actions. Trends have already been realized. The results cedures. 
of these studies shall be available in early 1983, 

CONCLUSIONS                             REFERENCES 

This study is the first of an exhaustive effort to deter- 1. Miller and Rydzynski, "Analysis of Frontal Impact 
mine and improve the quality of the data collected for Test Data New Car Assessment Program," DOT 
the NCAP crash tests. The signal waveform generator HS-805-395, February 1980. 
developed for this study provides a viable means for meas- 2. Arendt and Miller, "Test Site Instrumentation Study," 
uring the accuracy of a data acquisition system. It is DOT HS-805-979, June 1981. 

Analysis of 35 mph Barrier Crash Test Data_ 

THOMAS F. MACLAUGH LIN Conclusions are presented regarding the relationship of 

ROGER A. SAUL occupant protection potential to vehicle weight, maxi- 

National Highway Traffic Safety mum dynamic crush, and specific features of the occupant 

,Administration compartment acceleration response. Recommendations 
are given on the type of crash response a vehicle should 

Vehicle Research and Test Center exhibit in order to be selected for modification to dem- 
East Liberty, Ohio onstrate enhanced occupant protection performance. 

Finally, a relationship between crashworthiness and 

ABSTRACT structural aggressiveness is observed and discussed. 

An analysis of 29 35 mph frontal barrier crash tests 
was performed for the purposes of determining degree 

INTRODUCTION 
and variability of crashsurvivability among vehicles, de- 
termining genera1 reasons for good (or poor) crash- 

The National Highway Traffic Safety Administration 
worthiness, and providing general recommendations 

(NHTSA) has been conducting 35 mph frontal crash tests 
regarding selection of vehicles to be modified to dem- 

under the New Car Assessment Program for the purpose 
onstrate enhanced occupant protection. In addition to 
head injury criterion (HIC) values and maximum chest 

of developing an automobile crashworthiness rating meth- 
odology. Reported in this paper are the results of an 

accelerations, obtained from dummy measurements, re- 
additional analysis of the test data, conducted for the 

quired internal occupant stroking distance calculations 
and occupant/airbag modeling results were used to assess 

following purposes: 

the occupant protection capability of the vehicle’ frontal 1. to determine the degree and variability of frontal 
structures. The crash responses of vehicles identified as crashsurvivability of cars in all weight classes using 
potentially offering unusually good or poor crashsurviv- Restraint Survival Distance (RSD) calculations and 
ability were examined, in hopes of identifying features occupant/airbag simulations (using the ABAG 
correlated with level of occupant protection, model) to supplement dummy measurements, 
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2. to attempt to find general reasons for enhanced All compartment acceleration data were digitally proc- 
crashworthiness exhibited by some of the vehicles essed at the NHTSA’s Vehicle Research and Test Center 

by looking at such factors as the shape of the vehicle (VRTC) through a phaseless, low pass Butterworth filter 
acceleration-time pulse, and with a 40 Hz cutoff frequency and --40 dB attenuation 

3. to provide general recommendations regarding the at a stop band frequency of 127 Hz. By experimenting 
selection of vehicles to be modified as future dem- with filters having different cutoff frequencies, it was 

onstration vehicles, judged that the 40 hz filter, by eliminating extraneous 
high frequencies and preserving the fundamental features 

This analysis was not conducted to determine rating 
of the crash pulse, facilitated the job of identifying and 

information or crashworthiness comparisons among ve- 
comparing features which could be correlated with 

hicles; therefore, the names of the vehicles have been 
"good" or "poor" occupant protection. Unfortunately, 

omitted, and they have been identified only by a letter or 
however, the analog filtering of the data at the contractor 

number designation, 
sites was not uniform (although conforming to SAE J211 
recommended filtering practice) for all crash tests, re- 

DATA PROCESSING suiting in errors for the indicated time zero for some tests. 
For each of those tests, the acceleration pulse was shifted 

The data analyzed in this study were obtained from prior to digital filtering to allow the initial rise in accelo 

digital magnetic computer tapes and reports of New Car eration to correspond to time zero. The acceleration pulse 

Assessment and Standards Enforcement Indicant Tests was then examined to ensure that the velocity change for 

conducted by three contractors. The vehicles included in the test was within reason. 

the study are primarily 1979 model cars. The data ob- Summarized in Table 1 are the differences in dynamic 

tained from the crash tests included occupant responses crush which resulted from the detailed compartment pulse 

and vehicle accelerations, examination described above. Static crush values were 

The longitudinal compartment acceleration data were not used in this analysis due to uncertainties which were 

obtained from accelerometers located below the front seat, encountered in extracting these values from the test re- 

below the rear seat, or at the vehicle center of gravity, ports (see the Appendix). 

Table 1. Comparison of contractor and VRTC dynamic crush data. 

Vehicle VRTC Dynamic Crush--in. 
Channel 

Class Year Symbol Selected Test Contractor VRTC Contractor 

Mini-Compact 1979 A Front Calspan 25.7 24.5 
1979 B Rear Dynamic Science 31.5 32.5 
1979 C Rear Calspan 29.5 28.1 
1979 D Rear Dynamic Science 28.7 31.0 

Sub-Compact 1979 E Rear Dynamic Science 28.8 32.4 
1979 F Rear Calspan 28.8 27.3 
1979 G Rear Calspan 31.0 28.5 
1979 H Rear Dynamic Science 3L3 34.8 
1979 I Front Dynamic Science 35.8 35.6 

Intermediate 1979 d Rear Dynamic Science 26.7 31,0 
1979 K Front Calspan 30.7 29.7 
1980 L Front Calspan 31.6 30.6 
1979 M Front Calspan 29.7 30.0 
1979 N Front MSE 30.3 31.1 
1980 O Rear Calspan 23.8 22.8 
1979 P Rear Calspan 31.5 30.7 
1979 Q Rear Dynamic Science 34.8 I 38.0 

Standard 1979 R Rear Dynamic Science 35.1 41.2 
1979 S Rear Calspan 31.5 38.8 
1979 T Front Calspan 31.0 31.2 
1979 U Rear Dynamic Science 27.9 32.7 
1979 V Front Dynamic Science 38.4 38.3 
1979 W Front Calspan 35.7 34.2 
1979 X Rear Calspan 33.6 33.0 
1979 Y Rear Dynamic Science 32~8 37.4 
1979 Z Front Dynamic Science 32.7 34.4 
1979 2 Rear ’ Dynamic Science 33.5 37,9 
1979 3 Front Dynamic Science 39.2 39.9 
1979 4 Rear Dynamic Science 41.1 39.4 
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MEASUREMENT OF OCCUPANT 

rap~a velocity change occupant can experience 

Three methods were used in this study for determining 
occupant protection: dummy measurements, Restraint 
Survival Distance ~SD) calculations and advanced re- 

~-~determined by integraling measured straint system modeling with the ABAG computer model, 
v~ 

Dummy responses provide a measure of "actual" crash- 
worthiness, while the other two methods give a good 
indication of "potential" crashworthiness (i.e., occupant 
protection that theoretically would be provided by the 
vehicle if it contained a more nearly ideal restraint sys- 

tem). 
The use of dummy measurements is the most direct 

method of determir~g occupant crash survival. Occupant 
injury severity indicators derived from dummy measure- 
ments are dependent upon the crash pulse (crash severity), to 
compartment integrity, and performance of the occupant °Tim~ 
restraint and containment system. They are, however, 
subject to some degree of variation due to variables such 
as placement of the surrogate within the restraint system, Figure 1. Velocib/-tirne responses o( vehicle and occupant. 

positioning of the seat, etc. And, because they are de- 
pendent upon the restraint system, dummy measurements 
do not allow determination of the potential for occupant 
protection that would exist in a particular vehicle struc- 
ture if a different restraint system were installed in the 

The parameters needed to define the occupant’s veloc- 

vehicle, 
ity-time response (the dashed line of Figure 1) are restraint 

Restraint Survival Distance (RSD) is a useful indicator 
system deployment time, maximum tolerable acceleration 
rate and maximum tolerable acceleration level. For this 

of the potential for occupant crash survival. The RSD is 
the occupant stroking distance remaining after the crash, 

study, the values used were 30 milliseconds, 3000 g’s/ 
second and 60 g’s, respectively. 

and is defined as 
The ABAG computer model provides prediction of the 

degree of occupant crash survival that would result from 
RSD = AID - 0)p - D~), (1) equipping the vehicle with an airbag restraint system. The 

model is a one-dimensional program which simulate the 
where: cushioning of an occupant’s torso with an airbag that is 

being simultaneously inflated and vented. The program 
AID is the Available Internal Distance (i.e., the distance utilizes the vehicle crash pulse to produce occupant ac- 

between occupant and interior vehicle surfaces); and celeration, velocity, and displacement time histories. Un- 
Dp and Do are the distances represented by the areas under fortunately, the model does not account for compartment 

the dashed and solid curves, respectively, in the in- 
integrity and, therefore, occupant injury which might re- 

terval between to and t*, of Figure 1. 
suit from intrusion. 

The quantity D;--Do can be thought of as the minimum The approach in this study was to utilize the ABAG 
amount of internal distance required to safely bring the program to differentiate between different crash pulses 

occupant’s velocity down to the vehicle’s velocity. Defined (i.e., different vehicles) by simulating "standard" driver 

as the Required Internal Distance (RID), it is represented and passenger air cushion restraint systems. No effort was 

by the shaded area in Figure 1. Beyond t*, it is assumed made to optimize the ABAG parameters for each indi- 
that the occupant can safely ride down the vehicle for vidual vehicle. In a previous analysis, ABAG model pa- 
the remainder of the crash. It is clear from equation [1] rameters were selected and the ability of the model to 

that rnivAmizing the RID (i.e., the quantity Dp--Do) simulate 35 mph barrier crash tests of airbag equipped 
serves to maximize the RSD. If the computed RSD is a vehicles was eonfn’med (2)L 
positive number, it indicates that the available internal An advantage of the RSD calculation and the ABAG 

distance exceeded the required internal distance. If neg- simulation is that they allow determination and eompar. 

ative, it indicates that the available distance was not suf- ison of the potential for occupant protection provided by 
ficient to adequately protect the occupant. The derivation different vehicle structures, all containing the same "ideal- 

of RSD is contained in Reference 1. ized" restraint system. 

784 



SECTION 5: TECHNICAL SESSIONS 

Table 2. Weight categories. Dummy Measurements 

Number Classification Weight The crash test parameters and dummy measurements 

1 Mini-Compact Below 2,150 pounds are summarized in Table 3. Driver and passenger HIC 

2 Sub-Compact 2,150 to 2,650 pounds measurements and peak chest accelerations are presented 
3 Intermediate 2,651 to 3,350 pounds in Figures 2-5. Each vehicle is represented by a symbol 
4 Standard Above 3,350 pounds (letter or number) which corresponds to that in Table 3~ 

A least squares line has been fit to the data in each figure. 

Three observations are immediately apparent: 

...... 1) There is a very large amount of variability among 

RESULTS vehicles, especially in HIC. 

2) There is a slight trend of improved occupant pro- 

The analysis results are presented and discussed ac- tection in the larger vehicles. 

cording to the vehicle weight category. The vehicles were 3) There are a large number of vehicles in which oc- 

categorized by curb weights as shown in Table 2. cupant injury criteria were exceeded. (In fact, the 

Table 3. Crash test parameter and dummy measurement summary 

DRIVER                                          PASSENGER 
VEHICLE                Curb Test Crash Dynamic 

Wt.     Wt.     Vel,    Crush      Head                  Chest       Femur      Head               Chest      Femur 
Class      Year    Symbol     (ibs) (Ibs) (mph)     (in) Acc. (g)    HIC    Acc. (g)     Loads Ace. (g) HIC Acc. (g) Loads 

Mini-Compacti 1979      A       1690 2180    34.8    25.7    116.0    2029.6     92.6     1080/838 142.0 2093.3    46.0 1520/1460 

1979      B       1830 2313    35.3    31.5    127.1    1270.2     72.1     8931435    207.0 1919.4    66.3 686/561 

1979        C        1860 2600    34.8    29.5      90.0    1023.9     67.0     1170/630    47.0    428.8    33.0 937/1460 

1979        D        1960 2425    35.1     28.7    122.4    1358.0     68.9     -1536       183.7 1745.0    59.4 781/2183 

Sub-Compact 1979      E       2206 2661    34.9    28.6     91.9     652.7     5!.6     974/708     69.9    780°4    38.2 580/657 

1979       F       2240 2720    34.8    28.8    118.0     871.4     47.0     1280/160C 88.0    858.6    45.0 990/1400 

1979        G        2510 3025    34.8    31.0     94.0     848.8     61.0     2920/435 158.0 1862.0    59.0 400/520 

I 1979        H        2515 2943    34.7    37.3    122.0     818.6     41.1      221/946     73.0    567.1    33.1 781/376 

1979        I        2629 3067    35.0    35.8     NA         NA        NA        1322/NA     131.3    770.2    44.3 676/397 

Intermediate 1979       J       2707 2998    35.1    26.7     58.8     723.3     64.2     463/1343 247.4 11877.5    51.4 741/571 

1979        K        2730 3240    35.1     30.7    103.0    1107.6     42.0      580/400     87.0 1032.6    41.0 600/325 

19801     L      2750 3260 35.0 31.6    79.0    845.0    48.0    560/760    64.0 62380 34, 5 1040/350 

1979      M      2820 3300 35.4 29.7 102,0    939.4    54.0    825/1155 94.0 1583.2 85,0 1245/600 

1979      N      2890 3374 35.0 30.3    79.0 1782.0    52.0    320/900 168.0 1889~0 61~0 700/320 

1980      0      3130 3700 34.7 23.8    94.0 1077.8    61.0    1300/910| 79.0 1457.2 39.0 i375/337 

1979        P        3260 3820    35.0 31.5      74.0     724.2     40.0      1000/100~| 200.0 1677.2    40.0 ~1200/570 

1979                 Q                 3298       3799          34.8          34.8            71.1             694.6            41.5             1130/208~       50.3          500.5          39.7        567/562 

Standard      1979       R       3390 3908    35.2i 35.1     74.2     964.5     42.2     582/472     74.4 1297.0    46.8 503/717 

1979       S       3490 3950    34.6    31.5    110.0    1441.6     61.0     1750/350    99.0 1278.6    56.0 390/570 

1979        T        3600 4160    35.0    31.0    235.0    2402.4     45.0     740/300    I02.0 1070.8    39.0 420/440 

1979        U        3659 4179    35.2    27.9    240.7    1277.0     61,8     580/804    123.2 1254.0    51.1 670/391 

1979        V        3695 4224    35.4    38.4    158.2    1204.4     60.8     368/802     90.0    868.2    42.4 378/--- 

11979        W        3790 4370    35.4    35.7    143.0    1452.4     38.0     750/180     93.0    616.0    34.0 510/360 

1979        X        3880 4440    35.3    33.6     58.0     645.5     39.0      250/725      58.0    730.7    44.0 360/170 

1979        Y        3935 4457    35.0    32.8    133.6    1908.5     66.7     832/531     102.2     NA       50.3 647/588 

1979       Z       3941 4440    35.3    32.7    104.4     541.0     42°2     943/892     60.4    782.1    39.0 1371--- 

1979       2       4187 4709    35.0    33.5    113.3     909.8     59.4     774/534    165.1 1734.2i 53.5 370/439 

I 1979~      3       4283 4815    34.9    39.2    150.0    1088,0     61,4     1062/2775 134.0    781.0    40, 2 584/429 

i 19791      4       4846 5362    35.0    41.1    138.7     520° 5     44.6     335/393    117.8    919.0    52.5 577/981 
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Figure 2. Head injury criterion values determined from    Figure 5. Maximum chest accelerations determined from 
dummy measurements--driver,                          dummy measurementsmpassenger. 

least squares lines for HIC for both occupants are 
higher than 1000 over most of the weight range.) 

An attempt was made to identify the "best" and the 
"worst" vehicles in terms of occupant head and chest 

, 
~ ~. 

protection, and to determine whether or not good and 
0 , , poor occupant protection could be correlated with any 

" occupant compartment response characteristics. In each 

~ ...... "-~-~._~..~ ~ of Figures 2-5, the five vehicles whose injury measures 
, . ~ _ _ 

~ 
were the farthest distances above the least squares line 

~ , ,~ ~ were singled out. Similarly, the five vehicles whose injury 
. ~ . . measures were the farthest distances below the least 

squares line were identified. Then those vehicles appearing 
more than once among the "best five" (or the "worst 

’ ’~ ~ ~’ ~ five") were listed. The result of this exercise is shown in 
-" Table 4. Although admittedly arbitrary, this scheme 

Figure 3. Head injury criterion values determined from should identify two distinctly different groups of vehicles 
dummy measurementsmpassenger, in terms of measured occupant protection. 

The crash responses of these ten vehicles were then 
examined, in hopes of identifying features which appeared 
to correlate with good or poor protection. 

Table 5 shows average dynamic crush values for the 
two groups of vehicles, along with the overall average for 

" Table 4. Identification of "Best" and "Worst" vehicles in 
,~ o terms of measured occupant protection. 

" Dummy "Best Five .... Worst Five" 
Measurement Vehicles Vehicles 

" " ~ ,"" .. DriverHIC EJXZ4 ANTWY 
Passenger HIC C E H L Q A G J N 2 

,, Driver Peak Chest 
Accel. F H K P W A U Y 2 3 

, ! Passenger Peak 
,~,. ,~- ~ ..... ~ ....... ~ ........... 

~ 
Chest Accel. C E H L W B D G M N 

,....~,..~ ,L.~, Vehicles appearing more than once among the "Best 
Five": C E H L W 

Figure 4. Maximum chest accelerations determined from Vehicles appearing more than once among the "Worst 
dummy measurements--driver. Five": A G N Y 2 
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Table 5. Dynamic crush values of vehicles determined to 
be "Best" and "Worst" by dummy measurements. 

Average Average 
Curb Weight Dynamic Crush 

(pounds) (inches) 

"Best Five" Vehicles 2624 32.54 
"Worst Five" Vehi- 3042 30.66 
cles 
All Vehicles 3094 32.02 

all vehicles. It is seen that the "best five" vehicles had a 

slightly greater average crush than did the "worst five" 

_. vehicles, even though they averaged a lighter weight. This ,...      ,,..      ...      .,                        . .... _ . =____~. 
would indicate, not unexpectedly, that a softer front struc- 

ture (resulting in greater crush) is correlated with en- 

hanced occupant protection in a 35 mph barrier collision. Figure 8. Sub-compact vehicle accelerations (dummy meas- 

Occupant compartment acceleration- and velocity-time urement criteria). 

responses for the 10 vehicles are shown in Figures 6-13. 

oY.      J.. J ...... ’.. ,d,. ’~ ........ *"o.o ~’.o .’.. J. ..... .L, ~’ S----~S-.. 

Figure 6. Mini-compact vehicle accelerations (dummy meas-    Figure 9. Sub-compact vehicle velocities (dummy measure- 
urement criteria),                                        ment criteria). 

Figure 7. Mini-compact vehicle velocities (dummy measure-    Figure 10. Intermediate vehicle accelerations (dummy 
ment criteria),                                           measurement criteria). 
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Each figure contains the responses of the two or three 
..... vehicles within a given weight category. It turned out that 

..×~.u. D~...~c c.u~., each category contained both "good" and "poor" vehi- 
~E.,CL~ ~- ~,., ~,. cles. The vehicle responses were filtered at 40 Hz to 

~v v~.~, - ~,~ ~,. emphasize the basic response shapes, which are felt to be 
~ more directly correlated with occupant response than are 

~ the higher frequency components of the responses. Ob- 
~ 

servations were made within each weight category, as 

.~"~ 
vE.~ ~ follows: 

Mini-Compact: 

Vehicle A~"poor" occupant protection. 
Vehicle C--"good" occupant protection. 

............. " ’~" ’~ ....... Vehicle responses were similar in shape, but Vehicle C 
had a slightly lower peak acceleration, a longer pulse 
duration, and considerably greater dynamic crush. 

Figure 11. Intermediate vehicle velocities (dummy measure- 
ment criteria).                                  Sub-Compact: 

Vehicle E---"good" occupant protection. 
Vehicle G~"poor" occupant protection. 

.... ~ t Vehicle H--"good" occupant protection. 

Acceleration responses were quite different in shape. Ve- 

~ 
hicle G had a considerably higher peak acceleration than 

~ ~ the other two cars, and it occurred earlier. Vehicle E had 
~ ..... ~ the shortest pulse duration, the smallest dynamic crush, 

~ and the smoothest acceleration and velocity response 
~ shape. 

~ t Intermediate: 

.... ~,~ ~ Vehicle L---"good" occupant protection. 
.... °~"~ ~ Vehicle N~"poor" occupant protection. 

¯ . -~. -’, -’.    -’. ~ ........ Acceleration pulse shapes and durations were similar, 
~"~ ’"~E~’ with the notable exception of the very high peak accel. 

eration for Vehicle N. Vehicle L had slightly greater 
Figure ~2. Standard vehicle accelerations (dummy meas- 

urement criteria)~ 
dynamic crush. 

Standard: 

Vehicle W--"good" occupant protection. 
""~---’ 

~ 
’ Vehicle Y--"poor" occupant protection. 

Vehicle 2--"poor" occupant protection. 

~ ~.~c~ ~ - ~.~ ~.. Vehicle W had a somewhat smoother acceleration pulse, 
~L ~"~c~ ~ - ~.~ ~"- with a lower peak value, than the other cars. The velocity- 
¢ time responses were similar, but Vehicle W had a less 
~ rapid change in velocity after 75 ms, and a slightly longer 

~ ~,~o~ ~ pulse duration, resulting in greater dynamic crush. 

In summary, vehicles offering "good" occupant pro, 
tection generally had longer and smoother acceleration 
responses with lower peak acceleration and greater dy- 

L ;, ,~ ........ ~. ,,~ ..... namic crush values than did vehicles offering "poor" oc- 

~,~ ,,~, cupant protection. The only exception was Vehicle E, a 
"good" vehicle, which had a shorter pulse duration and 
smaller dynamic crush than the "poor" vehicles in its Figure 13. Standard vehicle velocities (dummy measure- 

ment criteria), weight category. 
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Restraint Survival Distance Calculations 
A problem was encountered in the data analysis which 

prevented the calculation of the RSD. It was found that 

there was no uniform way to determine a value for the 

AID from the test reports. Calspan Corporation provided ’� , 

two measurements which were suitable for AID: CD 

(dummy chest to dash) and HW (dummy head to wind, 

shield). According to the figure provided in their reports, ,~ 
, 

,,       .-, _~__2 ............ 
HW was measured from the dummy’s forehead. Dynamic                              . , ,. .... 

Science, Inc. (DSI), presented a table listing two suitable 

measurements: chest to instrument panel and nose to 

windshield. Unfortunately, the chest to instrument panel 

measurement was not recorded in all of the DSI reports; 

and DSI’s nose to windshield measurement was obviously 

different from Calspan’s forehead to windshield meas- Figure 14. Required internal distance calculations, 

urement. 

Consequently, only the RID (which is the second term dummy measurements, since experimental variability in- 
of equation 1)is presented in this analysis. The calculation herent in obtaining dummy data, and variability due to 

summary is presented in Table 6, and RID is plotted in different belt restraint systems and different occupant 

Figure 14 for each vehicle. A least squares line has been compartment geometry among the vehicles are not factors 

fit to the data. in the determination of RID. However, it is seen that a 

............ It was expected that the variability of RID among large amount of variability does exist in RID, indicating 

vehicles would be much less than that observed for the that the potential occupant protection capability is very 

Table 6. Calculation summary for minimum required internal distance (RID). 

Vehicle T* DC DP RID 

Class Year Symbol (Sec) (in.) (in.) (in.) 

Mini-Compact 1979 A 0.0625 24.35 32.03 7.68 
1979 B 0.0539 26.52 30.87 4.35 

1979 C 0.0564 25.68 31.03 5.35 
1979 D 0.0567 26.21 31.50 5.29 

Sub-Compact 1979 E 0.0573 26.08 31.34 5.26 

1979 F 0.0596 25.30 31.66 6.36 

1979 G 0.0552 26.30 30.75 4.45 

1979 H 0.0473 24.87 27.90 3.03 

1979 I 0.0486 24.77 28.68 3.91 

Intermediate 1979 J 0.0601 25.22 32.06 6.84 

1979 K 0.0586 26.70 31.80 5.10 
1980 L 0.0536 25.14 30.48 5.34 
1979 M 0.0577 25.53 31.93 6.40 

1979 N 0.0518 25.33 28.89 3.56 

1980 O 0.0641 22.86 32.03 9.17 
1979 P 0.0530 24.34 30.30 5.96 
1979 Q 0.0483 25.22 28.39 3.17 

Standard 1979 R 0.0492 25.75 29.21 3.46 
1979 S 0.0545 25.72 30.37 4.65 
1979 T 0.0555 26.37 31.02 4.65 
1979 U 0.0576 25.77 31.70 5.93 
1979 V 0.0465 25.48 28.10 2.62 
1979 W 0.0521 26.15 30.38 4.23 
1979 X 0.0518 25.72 30.18 4.46 
1979 Y 0.0515 24.70 29.71 5.01 
1979 Z 0.0528 26.69 30.53 3.84 

1979 2 0.0503 25.23 29.29 4.06 
1979 3 0.0447 i 24.90 26.86 1.96 
1979 4 0.0490 25.11 28.95 3.84 
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Table 7. Dynamic crush values of vehicle determined to be 
"Best" and "Worst" by RID calculations. 

R~XXRUR 

Average Average 
Curb Weight Dynamic Crush 

(pounds) (inches) 
"Best Five" Vehicles 3124 36.24 
"Worst Five" Vehi- 2801 26.76 
ctes 
All Vehicles 3094 32.02 

sensitive to the structural response of the vehicle. Also, 

a definite trend of improved protection capability with 
increasing vehicle weight can be observed. -""!" "-"    -:.    -:" -’-" "~." ’~ ...... 

As was done with the dummy data, the "best five" and 

"worst five" vehicles were identified (those vehicles whose 
Figure 16. Mini-compact vehicle velocities (RID criterion). 

RID calculations were farthest from the least squares 

line). The "best five" vehicles were B, H, Q, V and 3; the 
"worst five" were A, J, M, O and U. It is interesting that 
only one vehicle (H) appears in the "best five" based on 
both criteria (dummy measurements and RID calcula- 
tion); and only one vehicle (A) appears in the "worst five" 
based on both criteria. 

Table 7 shows average dynamic crush values for the 
two groups of vehicles, compared with the average for 
all vehicles. The "best five" vehicles average significantly 
greater crash values than the "worst five", a similar (but 
more pronounced) trend as was observed in Table 5 for 
the dummy measurement criteria. 

Occupant compartment responses (filtered at 40 Hz) 
for the ten vehicles are shown in Figures 15-22. There 
was only one vehicle (H) in the Sub-Compact weight ... ., .................... 
category, and four (J, M, 0 and Q) in the Intermediate 
category. Therefore, for ease of comparison, the Sub- 
Compact vehicle was plotted with the two lightest Inter- Figure 17. Sub-compact and light intermediate vehicle 

(< 3000 Ibs) accelerations (RID criterion). 

Figure 15. Mini-compact vehicle accelerations (RID crite-    Figure 18. Sub-compact and light intermediate vehicle 
fion).                                                (< 3000 Ibs) velocities (RID criterion). 
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,.’.,    .,. 

Figure 19. Heavy intermediate vehicle (> 3000 Ibs) acceler- 
ations (RID criterion). 

Figure 22. Standard vehicle velocities (RID criterion). 

mediates (Figures 17 and 18), and the two heaviest In- 
termediates were plotted together in Figures 19 and 20. 

,,x~.u, 0 ............ Observations within these groups are as follows: 

vE.xe~E o - 3,.. ~.. Mini-Compact: 

ot Vehicle A--"poor" occupant protection. 

"’1 

Vehicle B--"good" occupant protection. 

Acceleration pulse shapes were similar, but Vehicle B had 

i ..... \ -~ ~[..lcC~[ ~0 a slightly lower peak acceleration, a longer pulse duration 

\\\\ this comparison with that of Vehicles A and C, for the 
\~ and much greater dynamic crush. (Note the similarity of 

...... dummy measurement criterion.) 

...... .’.. .t. .’. "; ............ Sub-Compact and Light Intermediate: 

Vehicle H--"good" occupant protection. 
Vehicle J "poor" occupant protection. 

Figure 20. Heavy intermediate vehicle (> 3000 Ibs) velocities 
(RID criterion). 

Vehicle M--"poor" occupant protection. 

Acceleration pulse shapes were similar for Vehicles J and 
M. For Vehicle H, however, the shape was noticeably 
different, with a very low acceleration early in the event 
and a later peak. Also, the dynamic crush of Vehicle H 

was much greater. 

ii "’~~II 

’~ 

Heavy Intermediate: 

t ..... Vehicle O -"poor" occupant protection. 
Vehicle Q--"good" occupant protection. 

o .... 
~ 

~/ ~"~\ / Differences are very pronounced. Vehicle 0 developed 
" \\ high accelerations very early in the event, and had a very 

:~ ~[."1~ ~ acceleration and much greater dynamic crush. 

"".t .’.. .’.. .,. ........ ,o...     ,... Standard: 
,~.E ,,s~c> Vehicle U "poor" occupant protection. 

’ Vehicle V "good" occupant protection. 

Figure 21. Standard vehicle accelerations (RID criterion). Vehicle 3--"good" occupant protection. 
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Responses were similar for Vehicles V and 3, both of again resulted in less aggressiveness to the small car than 

which had low accelerations early in the event and late was experienced in the Vehicle O/small car full frontal 

~. In contrast, Vehicle U exhibited a higher accel- collision (4). This suggests that a correlation exists 

eration early in the event, a much shorter pulse duration tween good occupant protection and low aggressiveness, 

and much less dynamic crush. 

In summary, vehicles offering "good" occupant pro- ABAG Model Simulations 
tecfion had long pulse durations, large dynamic crushes, 

and acceleration pulse shapes characterized by low values 
ABAG computer model simulations were run for 5th 

percentile female, 50th percentile male and 95th percentile 
early in the event and late peaks (which often were higher 

male drivers and passengers. Maximum chest accelera- 
than those for vehicles offering "poor" protection). 

It is interesting to observe that, in the intermediate 
tions and steering column displacements are reported in 

Table 8. Figures 23-28 contain maximum chest acceler- 
weight class, the vehicle offering "poor" occupant pro- 

ations plotted against vehicle curb weights, along with 
tection (Vehicle O) was found to be significantly more 

aggressive to a small car in full and offset frontal collisions 
least squares lines. The following observations were made: 

than was ~t~e vehicle offering "good" occupant protection I. Although a large amount of variability among ve- 

(Vehicle Q) (3). Although structural override occurred in hicles is apparent, it was somewhat less than that 

the Vehicle Q/small car crash test, raising the possibility seen for dummy measurements and RID. 

that geometric differences contributed to the aggressive- 2. Peak chest acceleration was fairly insensitive to oc- 

hess dL~ference, it is likely that structural differences cupant size, with the exception of the 5th percentile 

played the major role. Furthermore, another full frontal female passenger. 

crash test with the same small car and Vehicle V (offering 3. A definite trend of improved occupant protection 

"good" oc~upant protection in the standard weight class), potential with increasing vehicle weight is seen. 

Table 8. ABAG model simulation summary. 

Passenger Peak 
Vehicle Driver Peak Acc. (g’s) and Column Displacement (in.) Acceleration (g’s) 

5% F 50% M 95% M 

Class Year Symbol Acc. Disp. Acc. Disp. Ace. Disp. 5% F 50% M 95% M 

Mini-Compact 1979 A 57.9 2.31 57.3 3.70 57.1 4.93 70.9 57.5 59.9 
1979 B 42.2 1.68 45.5 2.93 47.1 4.08 59.6 44.8 43.1 
1979 C 46.5 1.87 48.1 3.11 48.9 4.25 62.8 48.2 46.9 
1979 D 47.5 1.91 51.4 3.30 52.9 4.55 64.1 49.2 50.1 

Sub-Compact 1979 E 46.8 1.85 49.4 3.20 51.5 4.43 64.0 49.9 48.9 
1979 F 52.2 2.12 50.3 3.24 48.7 4.18 69.8 53.7 53.2 
1979 G 44.7 1.78 46.9 3.04 48.6 4.19 64.9 47.0 46.1 
1979 H 26.6 1.06 32.1 2.07 35.7 3.04 39.3 39.7 33.9 
1979 I 32.7 1.31 39.8 2.55 43.6 3.74 48.8 42.0 36.7 

intermediate 1979 J 51.4 2.03 51.1 3.33 52.0 4.46 69.2 54.1 53.1 
1979 K 46.5 1.87 48.6 3.11 49.1 4.17 64.5 49.8 49.8 
1980 L 38.5 1.53 37.7 2.44 38.4 3.31 58.4 44.9 39.3 
1979 M 48.9 1.94 47.2 3.05 47.1 4.02 67.0 52.1 48.5 
1979 N 39.0 1.55 45.2 2.94 48.8 4.16 58.6 46.5 46.6 
1980 O 59.9 2.39 58.3 3.76 57.6 4.95 75.0 63.9 63.9 
1979 P 40.0 1.61 36.4 2.35 36.6 3.15 60.5 44.4 38.1 
1979 Q 29.7 1.21 40.4 2.62 44.2 3.82 41.0 40.1 35.4 

Standard 1979 R 32.2 1.28 37.3 2.39 41.1 3.52 44.2 41.1 34.7 
1979 S 36.2 1.53 40.5 2.59 42.4 3.62 57.4 44.2 39.7 
1979 T 42.7 1.71 46.2 2.99 47.7 4.11 64.2 46.8 46.3 
1979 U 46.1 1.84 49.8 3.23 51.1 4.41 65.2 51.4 49.9 
1979 V 28.2 1.13 36.4 2.36 40.7 3.48 37.6 40.4 36.1 
1979 W 36.3 1.46 36.1 2.31 36.7 3.16 52.2 43.3 36.8 
1979 X 34.4 1.38 36.4 2.34 39.8 3.44 51.3 43.2 36.0 
1979 Y 35.8 1.42 31.9 2.06 34.4 2.95 50.7 43.6 35.1 
1979 Z 40.4 1.61 45.3 2.92 46.8 4.05 55.5 43.4 41.1 
1979 2 36.1 1.43 37.9 2.45 39.3 3.40 51.5 42.1 37.4 
1979 3 37.5 1.50 43.8 2.83 45.8 3.98 39.0 40.0 36.5 
1979 4 29.1 1.16 31.4 2.02 34.5 2.95 44.2 40.3 34.9 
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Figure 23. Maximum chest accelerations determined from Figure 26. Maximum chest accelerations determined from 
ABAG model--5th percentile female driver. ABAG modelm5th percentile female passenger. 

Figure ~4. Maximum chest accelerations determined from Figure ~7. Maximum chest accelerations determined from 
ABAG modeI~50th percentile male driver. ABAG model~50th percentile ma~e passenger. 

Figure 25. Maximum chest accelerations determined from Figure 28. Maximum chest accelerations determined from 
ABAG model--95th percentile male ddver. ABAG model--95th percentile male passenger. 
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Table 9. Identification of "Best" and "Worst" vehicles as 
determined from ABAG simulation results ...... ~ ...... 

"Best Five .... Worst Five" 
Occupant Vehicles Vehicles 

¢ 
5th% FDriver HIQRV AFJOU ¢ 
50th%MDriver HtLPY AOUZ3 L 
95th%MDriver HLPWY AOUZ3 
5th% FPassenger HIQRV JMOTU 
50th%MPassenger BHIQR AJMOU o 
95th % M Passenger B H I Q R A J O T U 
Vehicles appearing at least four times among the "Best 

Five": H ~ Q R 
Vehicles appearing at least four times among the "Worst--.- 

Five": A J O U 

Using the same procedure as was done with the dummy Figure 29. Mini-compact and sub-compact vehicle acceler- 
~ata and RID calculations, the "best five" and "worst ations (ABAG modeling criterion). 
five" vehicles were identified from each of the six occu- 

pant plots (Figures 23-28). Those vehicles appearing 

among the "best five" or "worst five" at least four times 

were listed, as shown in Table 9. Of the four vehicles ......... --~ 

identified as "best", two (H and Q) were among the "best 

five" based on the RID calculation criterion~ and one (H) 

was among the "best" according to all three criteria. All 

four of the "worst" vehicles were among the "worst five" 

b~sed on the RID calculation criterion, and one (A) was 

identified in the "worst" category by all three criteria. 

In Table 10, it is seen that the "best four" vehicles 

averaged significantly greater dynamic Claash than the 

"worst four", as was the case for the RID criterion. 

Occupant compartment responses (filtered at 40 Hz) 

for the eight vehicles appear in Figures 29-34. There was 

onty one vehicle (A) in the Mini-Compact weight cate- ’"’;.    ,~ .... ’~.    .:. ’ . .,~ ...... 

gory, and both vehicles in the Sub-Compact category (H 

and I) were among the "best four"; therefore, these two 

categories were combined in Figures 29 and 30. Obser- Figure 30. Mini-compact and sub-compact vehicle velocities 

vations are as follows: 
(ABAG modeling criterion). 

Mini-Compact and Sub-Compact: 

Vehicle A~"I~oor" occupant protection. 

Vehicle H~"good" occupant protection. 

Vehicle I--"good" occupant protection. 

Acceleration pulse shapes were veI3" similar for Vehicles 

H and I. Vehicle A’s, however, was very different, having 

TaNe 10. Dynamic crush values of vehicles determined to 
be "Best" and "Worst" by ABAG simulations. 

Average Average 
Curb Weight Dynamic Crush 

(pounds) (inches) .., .,..    .,..    ,.:,    .:. ,,;., ,~ ......... 

"Best Four" Vehicles 2958 35.60 ,tx.~ ~,~c~ 

"Worst Four" Vehi- 
cles 2797 25.98 Figure 31. Intermediate vehicle accelerations (ABAG mod- 
All Vehicles 3094 32.02 eling criterion). 
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higher acceleration levels early fin the event and a much 
shorter pulse duration. The dynamic crush of Vehicle A 

R~XIRUR DYN~RIC CRUSH = 

was also much less. 

Intermediate: 
£      ’ 

Vehicle J--"poor" occupant protection. 
Vehicle O---"poor" occupant protection. 
Vehicle Q--"good" occupant protection. 

Acceleration responses were similar for Vehicles J and O, 
having early peaks and short durations. Although the 

¯ .° ~ peak acceleration for Vehicle Q was higher, it occurred 
very late, and the pulse shape was characterized by low 
values early in the event. Maximum crush was much 

..... o!,      d.o     ,’.,     d.,     =’. ....... .’ 
greater for Vehicle Q. 

Standard: 
Figure 32. Intermediate vehicle velocities (ABAG modeling 

criterion). Vehicle R"good" occupant protection. 
Vehicle U--"poor" occupant protection. 

The acceleration of Vehicle U rose to a higher peak earlier 
in the crash event than that of Vehicle R. Vehicle R had 

~ 
a substantially longer pulse duration and greater maxi- 
mum crush. 

In summary, vehicles offering "good" occupant pro- 
tection had low accelerations early in the crash event, 
late peak accelerations, long pulse durations and large 
maximum dynamic crash values. As previously noted, 
Vehicles 0 and Q, two intermediate cars strongly sus- 
pected of having significantly different structural aggres- 

UEHICLE .... ~,E.~C~E ~ siveness levels against a smaller car (32), were identified 
as offering "good" and "poor" occupant protection, re- 
spectively. All of these results are essentially identical to 

... .’..    .,..    .,..    .,. ,~ 
... ,,~, those observed when the RID criterion was used. 

Figure 33, Standard vehicle accelerations (ABAG modeling 
criterion). 

CONCLUSIONS 

General Observations 

.~x~..N 0v...~c c.~s., A distinct and consistent trend of increased potential 

~.~c~, - ~.s ~,. occupant survivability with increasing vehicle weight was 
~.~e~ o - ~.~ ~.. seen. On average, including three indicators of occupant 

survivability (dummy measflrements, RID calculations 
and ABAG modeling results), the analysis showed a 32% 
increase in occupant protection potential over the weight 

\ ~.~L~. range from 1700 pounds to 4800 pounds (curb weight). 
..... 

\\\\ ..... 

~.~c~E u 
A strong correlation between maximum vehicle crush 

~~ and occupant survivability (greater survival potential for 
.... higher crush values) was observed. Using dummy meas- 

urements as the occupant protection criteria, the differ- 

..... ;.. .,~. .,.. =,..    =,..    ,~..    ~ ....... ence between "best" and "worst" vehicles was found to 
~.~ ¢.s~c, be slight (less than two inches). Using the other criteria, 

however, very significant differences (nearly ten inches) 

Figure 34. Standard vehicle velocities (ABAG modeling cri- were seen between "best" and "worst" vehicles. This sug- 

terion), gests that when variabilities in restraint systems and 
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dummy measurements are eliminated (as they are in the modeling and stroking distance calculation) was an in- 

RID and ABAG determinations), the relationship be- termediate size vehicle, Vehicle O. It was found in other 

tween crash and protection potential for restrained oc- studies (3,4) that Vehicle O was significantly more ag- 

cupants is shown clearly to be significant, gressive to a small car in frontal collisions than were 

Vehicles Q and V (which this analysis indicates offer 

"good" occupant protection in the intermediate and 

General Reasons for Enhanced standard size categories, respectively). This observation 

indicates that those frontal structural response charac- 

teristics which are responsible for providing the potential A very large amount of variability among vehicles was 

observed in the dummy measurements. In the occupant for good occupant protection are also responsible for as- 

modeling and stroking distance calculations~ even though suring minimal aggressiveness to the occupants of a 

variability inherent with dummies and due to different smaller car. 

restraints and compartment geometries was eliminated, 

significant variability was still evident. The required in- 

ternal occupant stroking distances ranged from 2 to 9 

inches, and chest accelerations from the ABAG modeling 

generally varied by a factor of two. This indicated that REFERENCES 
potential protection of restrained occupants is very de- 

pendent upon the structural response of the vehicle. 

In general, vehicles showh’ag potential for superior 
1. T. F. MacLaughlin, "Derivation and Application of 

Restraint Survival Distance in Motor Vehicle Colli- 
crashsurvivability experienced large dynamic crush val- 

ues~ and had occupant compartment responses which 
sions," SAE Technical Paper 810092, February 1981. 

were characterized by long pulse durations, low accel- 
2. S. W. Enouen, "Comparison of Models Simulating 

erations early in the crash event, and late peak acceler- 
Occupant Response in AJrbags," Master of Science 

Degree Thesis, The Ohio State University, January 
ations. 

1982. 

3. R. A. Saul, T. F. MacLaughlin, C. A. Ragland, Jr., 

and D. Cohen, "Experimental Investigation of Crash 

Selection of Vehicles for Future Modification Barriers for Measuring Vehicle Aggressiveness--Fixed 
"best"             Rigid Barrier Initial Results," SAE Technical Paper Only one vehicle was identified in the      crash-       810093, February 1981. 

survivability category according to all three criteria 
4. T. F. MacLaughlin, Bi-Monthly Progress Report, 

(dummy measurements, stroking distance calculation and 
SRL-20, Vehicle Research and Test Center, NHTSA, 

ABAG modeling results). This was Vehicle H, a sub, 
June/July 1982 (unpublished). 

compact. One other vehicle, (Vehicle Q, an intermediate), 

appeared among the "best" according to two criteria, 

stroking distance and ABAG modeling. However, rec- 

ommending either of these specific vehicles for future 

modification to achieve and demonstrate further enhance- APPEN DIX 
ment of frontal crashsurvivability is not justified on the 

basis of this analysis alone. Also needed would be a more 
Uncertainties in extracting static crush values from the 

thorough examination of other aspects of the vehicle and 
test reports were encountered. In general, static crushes 

its crash response (such as interior .geometry, steering 
are reported in at least three locations in the test reports, 

column behavior, firewall intrusion, etc.). It can be con- depending on the contractor. Dynamic Science, Inc. 
eluded from this study that any vehicle having an oc- 

(DSI), and Calspan Corporation use a similar procedure 
cupant compartment crash response similar to those of 

to obtain pre- and post-crash measurements. In addition, 
these two vehicles (i.e., low accelerations early in the event 

DSI publishes a Vehicle Profile Data Sheet, showing crush 
and late peak accelerations) has a frontal structure which 

values at several locations across the front of the vehicle. 
potentially offers superior protection for its occupants. 

In Table A-l, crush values X1, X19, X20 and the max, 

imum crush value appearing in DSI’s Vehicle Profile Data 

Sheet are presented. The word "center" indicates that the 

Relationship Between Crashworthiness and maximum value in the Vehicle Profile Data Sheet is at 

Structural Aggressiveness the centerline of the vehicle. 

It is clear from Table A-1 that discrepancies exist in 

One of the vehicles identified in the "worst" occupant the static crush values. For this reason, only dynamic 

protection category according to two criteria (occupant crush values were used in the analysis. 
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Table A-1. Comparison of static crush values. 

Static Crushmlnches 

Vehicle 

Values from Fig., "Pre-Test Max. Values 
& Post-Test Measurement Points" from 

"Vehicle Pro- 
file Data 

Test Sheet," 
Class Year Symbol Contractor Left × 20 Center X 1 Right X 19 DSI Reports 

Mini-Com- 
pact 1979 A Calspan 18.6 20.9 19.2 m 

1979 B Dynamic Science 22.2 20.9 22.3 24.7 (center) 
1979 C Calspan 21.7 22.7 22.1 -- 
1979 D Dynamic Science 25.3 25.0 24.9 25.8 

....... Sub-Com- 
.......... pact 1979 E Dynamic Science 23.1 23.1 22.0 22.1 (center) 

1979 F Calspan 21.9 23.4 21.5 -- 
1979 G Calspan 21.6 24.2 23.1 -- 
1979 H Dynamic Science 16.5 21.1 16.5 23.4 
1979 I Dynamic Science 16.8 21.4 18.1 29.9 (center) 

Inter- 
mediate 1979 J Dynamic Science 20.1 20.2 20.0 ! 25.1 

........... 1979 K Calspan 21.1 25.5 23.3 -- 
1980 L Calspan 21.4 22.8 21.3 -- 
1979 M Calspan 22.7 25.0 22.2 m 
1979 N MSE 27.3 NA 28.3 -- 
1980 O Calspan 20.8 19.5 19.7 -- 
1979 P Calspan 21.0 23.9 22.6 -- 
1979 Q Dynamic Science 30.2 30.9 29.5 30.9 (center) 

Standard 1979 R Dynamic Science 26.8 23.0 27.3 28.1 
1979 S Calspan 24.8 24.1 27.8 
1979 T Calspan 22.3 24.6 22.7 -- 
1979 U Dynamic Science 22.2 25.0 24.1 25.0 (center) 
1979 V Dynamic Science 26.2 30.3 28.5 30.1 (center) 
1979 W Calspan 24.1 27.8 28.1 -- 
1979 X Calspan 23.1 27.4 25.! -- 
1979 Y Dynamic Science * 27.5 * 29.7 
1979 Z Dynamic Science 28.8 29.2 28.0 26.3 (center) 
1979 2 Dynamic Science 26.8 27.0 30.6 30.6 
1979 3 Dynamic Science 32.8 34.0 32.8 34.2 
1979 4 Dynamic Science 30.8 26.9 28.6 30.8 

¯ NA---Obscured 

A Crashworthiness Rating System for Cars 

S, PENOYRE Rating scheme. This attempted to weight the contribu- 

Transport and Road Research Laboratory tions of front and side barrier impacts and internal head° 

form impact tests in proportion to the pattern of injury 

frequencies which occur in Great Britain. It assumed that 

ABSTRACT car occupants were wearing seat belts and that they were 

in cars of different model but broadly similar mass. Or~ 

At the Conference on Crashworthiness Ratings held in this basis the results of tests on twelve models of car were 

Lancaster, USA, in December 1980, a paper was pre- shown to give ratings which indicated marked differences 
sented by TRRL which proposed a new Crashworthiness in the probability of injury to occupants, 
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EXPERIMENTAL SAFETY VEHICLES 

The present paper reports work carried out since then THE BASIS FOR DERIVING A CRASH- 
on this subject. The rating itself has been refined and now WORTHINESS RATING SYSTEM 
uses data from 40 measurements. Limited repeat testing 
on two models of car shows that the overall rating for a To achieve these benefits from a rating system, it is 
car is closely repeatable. It is suggested that the ratings essential that the ratings are objective assessments of a 
should be expressed on a scale of from one to five stars, car’s ability to protect its occupants in crashes. There 
and that publication of these ratings would encourage appear to be two possible sources of data on which to 
manufacturers to compete in marketing safer designs, base the Crashworthiness Rating, (1) real accident and 

injury statistics for the car model in question, (2) labo- 

INTRODUCTION ratory testing which simulates real crashes. Mathematical 
structural analysis has not yet reached the stage where 

Legislation has produced major advances in vehicle crashworthiness can be assessed without actually deform- 
safety over the past decade, but improved consumer in- ing metal, although of course analysis may be very helpful 
formation may lead to more progress in the coming years to the car designer in helping him to achieve a good rating 
than can be achieved by new international legislation, by producing a safer car. Use of real accident and injury 
which inevitably is agreed only slowly in present circum- statistics would have several advantages, in avoiding both 
stances. In Europe the major problems with the new the costs of laboratory testing and the inevitable argu- 
legislation approach seem to be (1) little evidence on ments about whether such tests are valid representations 
whether car buyers and users actually want safer cars if of accidents. However there appear to be two major prob- 
this means increased cost or inconvenience, (2) the dif- lems with using real accident data; (1) this cannot be 
ficulty of devising acceptable tests for Europe when many available early enough in a model’s life for the rating 
nations must agree on them at the United Nations in system to be useful to new car buyers, (2) it is almost 
Geneva and all the Community countries in Brussels, (3) certainly not possible to eliminate driver factors or to 
technical problems with the proposed next generation of determine crash severity and individual occupants’ injury 
car safety tests, i.e., sub-system tests alone are not always thresholds when analysing accidents to assess the car’s 
representative of accidents, while whole-vehicle impact crashworthiness. The only satisfactory basis for deriving 
tests using dummies are highly variable and are too ex- a Crashworthiness Rating therefore appears to be labo, 
pensive if repeated with prototype vehicles. In view of ratory testing which simulates accidents. Both whole, 
these difficulties, and since road accidents are a major vehicle impact tests using dummies and sub-system tests 
cause of suffering, disablement and premature death in (e.g., interior impact tests with a headform) have disad. 
most countries, it would clearly be very desirable to find vantages if used alone, since whole-vehicle impact tests 
a complementa,~ approach which will encourage progress are highly variable and are too expensive to be repeated 
towards safer cars. The Crashworthiness Rating concept if prototype vehicles are required, while sub-system tests 
appears to be just such an approach, are not always representative of accidents and cannot 

show, for example, mismatches between intrusion resist- 

THE POTENTIAL BENEFITS OF A CRASH- ance and restraint system performance. A combination 

WORTHINESS RATING SYSTEM of the two types of test therefore seems necessary, as is 
of course already accepted for current occupant protec, 

The principle of this proposed Crashworthiness Rating tion legislation in both USA and Europe. The tests must 

concept is to provide a guide to a car’s ability to protect be designed to represent the most frequent kinds of ac- 

its occupants in crashes. Ratings would be based on ob- cidents which cause occupant death or serious injury, 
jective measurements made in official tests and would be i.e., frontal and side impacts, but tests representing less 

published, just as fuel consumption figures are already common causes of injury, e.g., roll-overs and rear impacts, 

published in both USA and Europe. could of course be included in the rating system later on 

Several major benefits should follow from such a rating if this was thought worthwhile. 

system, e.g., 

1~ It would allow consumers to make informed choices THE PROPOSED CRASHWORTHINESS 
in relation to occupant protection when buying cars. RATING SYSTEM 

2. Manufacturers should be encouraged to compete in 
producing safer vehicles. This proposal is based on using occupant protection 

3. The rating system would give credit for cars which data from three sources, (1) a whole-vehicle frontal impact 
offer more occupant protection than a basic legal test with restrained front seat occupant dummies, (2) a 
minimum requirement. Manufacturers could there- whole-vehicle side impact test using a mobile barrier and 
fore benefit from introducing worthwhile safety in- a restrained dummy in the driver’s seat, (3) a set of interior 
novations, such as seat belt webbing locks, impact tests using a headform. These three procedures 
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are those currently used at TRRL. In a few years time impact already required in FMVSS 201 and ECE Reg 21 
it may be possible to use agreed international test pro- is used to record peak resultant acceleration (> 3 ms). 

cedures instead. The test could be done with a pendulum rig, but it may 
For reasons already published elsewhere (ref 1), it is be preferable to use a free flight headform (ref 1) launched 

proposed that the frontal impact test should consist of a from an air gun or catapult, since this allows likely head 
high speed (58-60 h-n/h, 36-37 mile/h) impact into a impact points to be reached without cutting up the car 
wood faced rigid barrier at 30° off perpendicular, with and also gives more realistic results than a pendulum 
the driver’s side hitting first. In this test measurements when impacting obliquely or on curved surfaces. For front 
would be made of the driver and passenger peak head crash protection assessment it is proposed to carry out 
decelerations (> 3 ms cumulative), chest peak decelera- 20 interior headform impacts to measure the stiffness of 
tions, and femur compression loads. Post-test "survival 7 likely occupant contact areas: (1) the header rail (mean 
space" measurements of intrusion resistance would be of 5 points), (2) facia top (mean of 5 points), (3) A post 
made, provisionally those of ECE Reg 33, i.e., instrument (mean of 2 points), (4-6) steering wheel (3 separate points, 
panel to R point, front of passenger compartment to R i.e., on the rim at a spoke, on the rim away from a spoke, 
point, and width of footwell through the brake pedal, and on the hub, (7) lower facia knee impact area, (mean 
While HIC (Head Injury Criterion) is probably a better of 5 points). For side crash protection 5 headform impacts 
indicator of likely head injury than is peak head deceler- would be used on 2 likely occupant contact areas: (1) the 
ation, using it in this application would have the drawback B post (mean of 2 points, one on and one off the seat 
of complexity. Since the rest of this proposed rating sys- belt anchorage if present), (2) the cant rail, i.e., above the 
tem is so simple and it is essential that the car buying window glass (mean of 3 points). 
public should be able to understand the crashworthiness These proposed measurements are listed in Table 1. 
rating system, it would seem better to avoid the compli- For each of the 24 items per vehicle the Crashworthiness 
cations of HIC in this case. Rating calculation will require two figures to be allotted, 

For assessing side impact protection, the whole-vehicle (1) a Critical Value, (2) a Weighting Factor. The Critical 
impact test would be the present TRRL standard pro- Value of each measured parameter is intended to be the 
cedure which uses a small rigid faced mobile barrier level at which approximately half of the vehicle occupant 
weighing 1100 kg and impacts the stationary car at 90° population would be seriously injured. The Weighting 
at 35 km/h (22 mile/h) centered on the driver’s R point Factor determines the relative contribution made by that 
(ref 2). A restrained TRRL force measuring dummy parameter to the overall Crashworthiness Rating, and for 
would be used in the driving seat (refs 3,4), and meas- convenience is chosen such that it can be considered as 
urements would be made of pelvis and thorax loads a percentage, i.e., the total of the Weighting Factors used 
(e.g., the two largest of the four dummy rib loads). With must equal 100. Typical Critical Values and Weighting 
such a rigid barrier the maximum barrier deceleration Factors are given in Table 1, and their choice is discussed 
reached in this test is a measure of the car side’s ability below. The term "Critical Value" is preferred to the more 
to resist intrusion and so to make the front of a car hitting commonly used "tolerance" because the latter suggests 
it crush and absorb energy. It is therefore proposed to that a figure only slightly better than the stated one wilt 
measure barrier peak deceleration, with the aim of achiev- not injure anyone, while in fact because of the very wide 
ing a satisfactorily high level (provisionally 15 g for an range in people’s strengths such an implication is mis- 
1100 kg barrier, i.e., 162 kN or 36,400 lb). Since present leading. 
dummies do not often given head contacts in side impact At this stage in the procedure the aim is to have meas- 
tests, even though head injuries are a major source of ured those parameters which best describe the occupant 
serious and fatal casualties in real side impact accidents, protection offered by a car, and to have agreed Critical 
an interior headform test rather than dummy head ac- Values and Weighting Factors for these parameters. These 
celeration should be used to measure the head protection data could of course be processed in a large number of 
provided, ways to produce the required Crashworthiness Rating, 

There are two major reasons for requiring interior head- and the method proposed below should be considered as 
form tests (ref 1) as well as the front and side whole- the preferred possib~ty; there may well be other methods 
vehicle impacts: (1) in a whole-vehicle test the dummy which could be shown to yield Ratings more represent- 
could strike only one point of the car’s interior, whereas ative of occupant protection. However this proposal has 
in real accidents with their combinations of different oc- the merit of simplicity. Three steps are involved: 
cupant sizes and impact conditions there are many pos- (I) The first step is to express each measurement as a 
sible impact points, (2) headform tests are simpler, proportion of the Critical Value for that parameter. For 
cheaper and more repeatable than dummy tests and can most parameters the Critical Value is such that a bigger 
be carried out on components early in the vehicle design number means more risk of injury, and for these the 
process before complete vehicles are available. It is sug- required proportion or quotient is formed by dividing the 
gested that the 24 km/h (15 mph) 6.8 kg (15 lb) headform measured value by the Critical Value. For example, if the 
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Table 1. Measurements required, with proposed critical values and weighting factors. 

Frontal barrier impact: Critical value Weighting factor 

Instrument panel to R point, mm 450 min 

Front of pass comp to R point, ~ mm 650 min 5 ........ 

Width of footwell, mm 250 min 

Driver’s head, peak resultant acc i >3 ms, g 80 max 7) 
Passenger’s head, peak resultant acc 80 max 3) 

Driver’s chest, peak resultant acc i >3 ms, g 60 max 14) 
Passenger’s chest, peak resultant acc 60 max 6) 20 

Driver’s left femur compressive load kN 4 max 1.4) 

Passenger’s left femur compressive !load 4 max 0.6) 

Driver’s right femur compressive load kN 4 max 1.4) 

Passenger’s right femur compressive load 4 max 0.6) 
2 

Frontal headform interior impact: 

Header rai! (mean of 5 points) g 80 max 3 

Facia top (me~n of 5 points) g 80 max 3 

A Post (mean of 2 points) g 80 max 3 

Steering wheel rim, on spoke g 80 max 3 

Steering wheel rim, off spoke g 80 max 3 .... 

Steering wheel hub g 80 max 3 

Lower facia, hnee impact area (mean of 5 points) g 80 max 3 

Side mobile barrier impact: 

Barrier peak acc g 15 min 5 

Largest rib load kN 1 max 5 

Next largest rib load kN 1 max 5 

Pelvis load k}~ 6 max 5 

Side headform interior impact: 

B Post, (mean of 2 points) g 80 max 5 

Cant rail (mean of 3 points) g 80 max 5 

measured value of peak head acceleration is 135 g and (2) Having formed the 24 quotients for each car, and 
the Critical Value for this parameter is 80 g, then the limiting these to 2 where necessary, the next step is to 
required quotient is 135/80 = 1.69. However when the square each quotient. This squaring is intended to increase 
Critical Value is such that a smaller number means more the contribution to the overall rating made by those pa- 
risk of injury, as with survival space measurements and rameters in which the particular car’s occupant protection 
side impact bander deceleration, then the quotient is is inadequate. Although the decision to square the quo- 
formed by dividing the Critical Value by the measured tients (rather than to raise them to some other power) is 
value. For example, if the measured value of footwell arbitrary, it has the advantages of being simple to do and 
width is 685 mm and the Critical Value for this parameter to explain, and of giving results in agreement with sub- 
is 250 mm, then the required quotient is 250/685 = 0.365. jective assessments of how injury rate varies with load in 
In all cases the aim is to form a quotient whose value is the important region between about 0.5 and 1.5 times the 
unity" if the measured value equals the Critical Value, and Critical Value of load, 
increases with injury risk. It is proposed to limit each (3) The final steps in this proposed procedure for eal- 
quotient to a maximum value of 2, on the grounds that eulating crashworthiness ratings are first to multiply each .... 
when a level of twice the critical load (or half the critical squared quotient by its appropriate weighting factor. One 
survival space) has been exceeded, even further infringe- approach would be to present for each car the 24 values 
ment is unlikely to produce still worse injuries, obtained as outlined above so that the keen motorist could 
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judge for himself the particular areas of weakness and where Wl to W24 are the Weighting Factors for each 

strength when comparing one model with another. How- parameter totalling 100 so they can be considered as 

ever it is the author’s view that this method of presentation percentages and Q 1 to Q24 are the quotients formed for 

would not be attractive to many people and that a single each parameter, as either 

rating figure should be calculated by summing the 24 1. measured value/Critical Maximum Value, or 
results into a single figure. This final figure will equal 2. Critical Minimum Value/measured value, where (2) 
1C’-3 for a vehicle exactly on the critical value for each applies to those parameters (i.e., survival space di- 
parameter and could rise to 400 for one with every meas- mensions and barrier deceleration) where a smaller 
urement two or more times as bad as the critical value, measured value means a greater injury risk, All quo- 

...... ...... It will be important to emphasise that "smaller means tients are limited not to exceed 2. 
safer" with this rating, and it is possible that a different 
name rather than Crashworthiness Rating would be better 
to avoid confusing car buyers, e.g., Crash Injury Rating. EXAMPLES OF CALCULATED CRASH, 
However motorists cope perfectly well with other car WORTHINESS RATINGS 
performance figures where smaller is better, e.g., accel- 
eration times (and indeed car prices!), so the problem The proposed rating system has been applied to the 
does not seem serious. An even simpler presentation previously published (refs 1,2) results of tests carried out 
would be to convert the single overall rating figure to a at the Motor Industry Research Association, Nuneaton, 
star rating on a scale of l-5 stars. It may be found desirable UK, under TRRL contract, on 12 popular small and 
to quote one or more of these three possible presentations medium sized European and Japanese cars purchased in 
but this is a matter of detail and not principle. 1976. Table 2 gives the relevant figures for high speed 

The proposed procedure for calculating a single overall (58-60 km/h, 36-37 mile/h) 30* angled impact tests into 
rating can be summed up in mathematical notation as a wood faced barrier using restrained OPAT dummies, 

while Table 3 gives the results of mobile barrier side 
Crashworthiness Rating impact tests using restrained TRRL Side Impact dum- 

= ~Wl.(Q1)2 + W2.(Q2)z + .. W24.(Q24)2 mies. Table 4 shows the results of interior headform ira, 

Table 2. Front barrier impact test results (from Ref 1 and first 12 cars tested) 30° angled wood faced barrier, 58-60 km/h 
(36-37 mile/h) restrained OPAT dummies. 

Front of pass Width ofI Head peak Chest peak CAKS Inst panel comp to driver’s resultant acc resultant acc Left femur load    Right femur load (1976 models to R point 
unless marked*) R point footwell ( > 3ms) ( > 3ms) k!N 

mm mm mm g g 

Proposed Critical 450 min 650 min 250 min 80 max 60 max 4 max 4 max 
Value 

Driver Passenger Driver Passenger Driver Passenger Driver Passenger 

BL Marina 760 1090 685 135 51 38 38 1.3 2.O 1.9 1.4 

Datsun Sunny 360 760 285 77 60 48 41 2.2 0.9 1.1 0.2 

Ford Escort 510 865 533 171 66 44 &6 2.9 1.7 3-1 

Colt Lancer 560 865 273 166 82 61 53 3.3 0.6 2.3 0.2 

Reliant Kitten 452 833 457 194 62 37 32 2.3 1.7 1.7 1.3 

Vauxhall Chevette 413 686 254 119 114 42 41 14.2 1.1 1.5 1.4 

BL Princess 425 656 660 89 97 46 38 4.5 1.2 2.4 O J6 

Chrysler Alpine 390 630 0 59 123 55 40 2.7 0.6 16.6 2.9 

VW Golf 445 762 432 I+4 50 42 40 5.9 0.8 4.8 1.7 

Fiat 133 257 349 0 143 27 38 36 14.1 0.9 8.8 3.4 

Ford Fiesta 4501 735 648 801 54 39 41 9.8 0.9 1.3 3.8 

Ford Fiesta A* 330 685 380 70 60 38 41 5.8 2.1 4.4 3.3 

Ford Fiesta B* 380 685 380 44 64 64 44 7.3 1.9 1.8 

Renault 5 406 727 279 108 184 57 61 9.2 I~I 5.6 6.2 

Renault 5A* 395 825 330 98 134 52 67 5.0 2.7 7.2 3.3 

Renault 5B* 425 790 280 91 119 53 65 4.2 3.4 4.2 3.1 

I 
: Data not available: proposed Critical Value~ ~ub~tituted. 
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Table 3. Side mobile barrier impact test results (from Ref 2 for first 12 cars tested) barrier mass 1100 kg: rigid face 1 m wide 
× 0.6 m high, edge radius 75 mm, ground clearance 200 mm, barrier speed 35-38 km/h (22-24 mile/h). 

TRRL Side Impact Dummy 

Barrier peak Largest rib Next largest 
Pelvis load 

acc (>3 ms) load rib load kN 
g kN kN 

Proposed Critical Value 15 min I max I max 6 max 

BL Marina 10.0 2°2 |.2 2.4 

Datsun Sunny 10.4 2.2 !.6 9.! 

Ford Escort ]].0 3.1 2.4 3.5 

Colt Lancer 12.0 1.5 0.9 6.9 

Relian~ Kitten 9.7 2.1 1.9 ]4.0 

Vauxhall Chevette ]2.0 3.2 2.8 5.5 

BL Princess 9.5 1.6 1.1 3.0 

Chrysler Alpine !!.0 2,0 ].9 12.6 

~q4 Golf ]0.0 2.3 ].9 5.5 

Fiat 133 13.0 2,5 1.9 9.0 

Ford Fiesta 9.0 2.2 2.0 4.9 

Ford Fiesta A I0.7 3oi 3.0 13.5 

Ford Fiesta B 9.6 2.7 2.6 9.9 

Renault 5 I I.O 2.0 ].9 4.2 

Renault 5A 12.6 2,4 ].7 12.0 

Renault 5B ]!.0 2.4 2.2 12.3 

pact tests.. The latter were carried out on cars which had samples of each. The cars selected were the Ford Fiesta 
previously been front impact tested, which had the ad- and the Renault 5, and each sample was subjected to both 
vantage that the headform hit the structure in a deformed the frontal impact test and the side impact test, followed 
state, i.e., partially reproducing the real accident situation, by the interior headform tests. The results for these ad- 
Offsetting this advantage, however, were the facts that ditional cars (Fiesta A and B, Renault 5A and B) are 
(a) some of the chosen impact points could not be reached included in Tables 2-4. 
in the headform test because of the crash damage, and Table 5 shows the detailed steps in calculating the 

(b) some of the structural deformation had been caused Crashworthiness Rating for one car, and the first column 
by the dummies themselves, and it is clearly unfair to of Table 6 gives the rankings and ratings for all 16 
retest an energy-absorbing structure with the headform cars using the critical values and weighting factors of 
when this structure had already performed correctly in Table 1. 
yielding to protect the dummy. In future, therefore, it is 
proposed that the interior impact testing should be done 
on undamaged cars. CHOICE OF CRITICAL VALUES AND 

After the ratings had been calculated for these 12 cars, WEIGHTING FACTORS 
questions were raised about the repeatability of this type 
of Crashworthiness Rating. To resolve these it was de- As explained above, the critical values are intended to 
cided to choose two models from the 12 of similar sizes be the loads and accelerations at which about 50% of the 
but significantly different rating, and to re-test two new car occupant population would experience more than mi- 
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Table 4. Interior free flight headform test results (from Ref 1 for first 12 cars tested) 24 km/h (15 mile/h) impacts with 6.8 
kg (15 Ib) headform, diameter 165 mm (6.5 ins). 

Peak resultant acceleration of headform, g (>3 ms) 

Header Facia 
Lower 

Cant 
A post Steering Steering facia B post 

rail rail top (mean of wheel rim wheel rim Steering (knee area) (mean of (mean of (mean of wheel hub (n~an of 
5 points) 5 points) 

2 points) (on spoke) (off spoke) (mean of 5 2 points) 
points) 3 points) 

BL Marina 84 82 85 127 26 60 68 164 * 

Datsun Sunny 108 70 103 70 352 97 64 ]]44 * 

Ford Escort 81 72 80 68 42 143 88 ~34 * 

Colt Lancer 96 55 I14 44 34 ;26 ~07 138 * 

Reliant Kitten 32 32 42 621 352 843 62 82 * 

Vauxhall Chevette 73 50 86 64 352 843 52 134 * 

BL Princess Ill 62 9! 76 68 50 44 I~9 * 
Chrysler Alpine 69 63 77 621 352 843 57 1t2 * 
\~4 Golf 91 42 68 62l 35~ 84~ 4~ 114 * 
Fiat 133 92 101 67 621 35z 84j 144 108 * 

Ford Fiesta 74 56 84 62! 352 125 58 114 * 

Ford Fiesta A 59 53 64 28 20 58 59 84 [81] 

Ford Fiesta B 57 54 86 24 20 66 50 77 [88] 

Renault 5 99 72 79 [ 621 48 843 77 130 * 

Renault 5A 48 58 71 

I 

59 24 64 97 Ill [101] 

Renault 5B 47 48 76 61 34 53 75 91 [I19] 

I: Data noc available: average of other vehicles substituted 162 g) 
2: : (35 g) 
3: : (8@ g) 
~: : (t14 g) 

*" Cant rails not measured: proposed Critica! Value, ~0 g, used for all vehicles in rating calculations.[] = values measured but 

nor injuries. Of course people vary widely in their ability from the measurements made in the barrier and interior 

to withstand forces and accelerations, and only very lim- headform tests should be related to the costs of injury of 

ited data are available as a basis for determining these these parts by applying appropriate weightings. This in- 

values. Figures from present legislation have therefore jury cost information could come, for instance, from the 

been used where possible, and the crashworthiness cal- average number of hospital bed-days resulting from in- 

culations have been repeated as described below with juries to that part of the body together with the costs of 

different figures to see how sensitive the results are to the associated deaths and disabilities. At present in UK total 

critical values assumed. The choice is of course much less car occupant deaths are costed at almost twice the total 

important for a Crashworthiness Rating system than it for all non-fatal injuries but full information seems not 

is for pass/fail legislation, to be currently available. Instead, the empirical relation- 

Choosing the weighting factors to be used is a more ship (ref 7) that societal costs are approximately propor- 

controversial matter. The problem can be considered in tional to the cube of the injury severity on the Abbreviated 

four parts, the relative weight allocations between (1) Injury Scale (AIS) could perhaps be used. It would then 

front and side protection, (2) driver and passenger, (3) be necessary to know what injury levels the adopted cri- 

different parts of the body, (4) whole-vehicle impact tests teria protect against, and this is not always clear from 

and interior headform tests. It is assumed that occupants the published literature. However it may be reasonable 
wear their seat belts. For the present it is proposed that to assume that the head and chest should be protected 
the front/side split should be based on the ratio of serious against AIS 4 and the pelvis and legs against AIS 3. This 

accidents in these two directions, which in Europe is would make the relative weighfings 64 for head and chest 
generally agreed to be about 2.3:1, i.e., 70% front and to 27 for pelvis and legs and this and the 70/30 frontside 
30% side (refs 5,6). The same 70/30 split between driver split would give the following weighting factors: 
and front seat passenger appears reasonable from the 

observed occupancy of cars in the UK. Front impact: Head weighting 24.6% 

As regards the relative importance of the different areas Chest " 24.6% 

of the body, for simplicity this has been grouped into four Pelvis " 10.4% / 
20.8% 

areas: head, chest, pelvis and legs. The quotients derived I~gs " 10.4% j 
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Table 5. Details of crashwo~hiness rating calculation for BL marina. 

’ Quotient Weighting Contribution Cumulative easured Critical Quotient = L~mited & x = 
Valu~ Value Squared Factor to Rating Total 

760 450 min 450/760 0.592 0.350 5 1.75 1.75 

1090 650 min 650/1090 0.596 0.356 5 1.78 3.53 

685 250 min 250/685 0.365 0.133 5 0.67 4.20 

]35 80 max ]35/80 ].688 2.848 7 19.93 24.]3 

51 " 5]/80 0.638 0.406 3 ].22 25.35 

38 60 max 38/60 0.633 0.401 14 5.62 30.97 

38 " 38/60 0.633 0.40] 6 2.4] 33.38 

].3 4 max 1.3/4 0.325 0.t06 1.4 0.15 33.53 

2.0 " 2,0/4 0.500 0.250 0.6 0.15 33.68 

1,9 " 1,9/4 0.475 0.226 1.4 0.32 34.00 

1,4 " 1,4/4 0,350 0,123 0.6 0.07 34.07 

84 80 max 84/80 ].050 1.103 3 3.3] 37.38 

82 " 82/80 1.025 1.051 3 3.15 40.53 

85 " 85/80 1.063 1.129 3 3.39 43.92 

127 " ]27/80 1.588 2.520 3 7.56 5].48 

26 " 26/80 0.325 0.106 3 0.32 5].80 

60 " 60/80 0,750 0,563 3 1.69 53.49 

68 " 68/80 0.!850 0.723 3 2.17 55.66 

10.0 15 min 15/~0.0 1.500 2.250 5 11.25 66.91 

2.2 I max 2.2/I 2.200 4.0001 5 20.00 86.91 

].2 " ].2/I 1.200 ].440 5 7.20 94.~] 

2.4 6 max 2.4/6 0.!400 0.]60 5 0.80 94.91 

164 80 max 164/80 2.050 4.000] 5 20.00 114.91 

80 " 80/80 ].!000 1.000 5 5.00 119.9! 

I: Limit of 2 applied to quotient . Crashworthiness Rating = 120 Ii 
2: For definitions of values see Table 1, 

Side impact: Head weighting 10.6% front or the intruding roadside object rather than the 
Chest " 10.6% interior of an occupant’s own car. 
Pelvis " 4.4%/ Finally, the split of weighting between the whole- 
Legs 4.4% ] 8.8% " vehicle impact tests and the interior headform tests must 

be decided. For some types of occupant protection which 
This method of allocating weightings if of course some- 

what arbitrary and these numbers can be rounded off. are only measured in one of these tests (e.g., pelvic pro- 

For the front impact case it is felt that the method has 
tection in side impacts) there is no room for choice. For 

estimated the relative costs for the head too low when 
side impacts, if all the head protection measurement is 
allocated to the headform test and all the chest and pelvis/ 

compared with those for chest injuries. Chest injuries tend 
to ~¢ either rapidly recoverable or quickly fatal, whereas 

legs protection measurement to the whole-vehicle test, 

head injtudes involving brain damage cause many of the then weighting factors are arrived at of: 

fatalities and also may result in permanent disability 
which is both very distressing and very expensive (ref 8). 10% total for side headform results (e.g., 5% for cant 

It is not proposed to make this adjustment for the side rail and 5% for B post) 

impact case because it appears that head injuries in side 10% total for side whole-vehicle impact chest results 

impacts are often caused by striking the impacting car’s (e.g., 5% for each of the two largest rib loads) 
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Table 6. Rankings of crashworthiness ratings for 16 production cars. First number = ranking: number in brackets = crash- 
worthiness ra~ng. 

Column 1 Column 2 Column 3 Column 4 Column 5 Col~n 6 

Front/side 
weighting 70/30 

Weighting Front/side 
driver/passenger 

As Column 4 As Column I but 
CARS factors & critical Front/side weighting 70/30 

weighting 70/30. 
but femur Cr~shworthiness 

(1976 models values nominal, weighting changed driver/passenger 
Total front chest act critical values R~ting 

unless marked*) as Table ]. from 70/30 weights reduced 

Car results as to 50/50 
weighting changed increased from =IW.Q 
from 70/30 to 50/50 

from 20 to 10%. 4 kN to I0 kN 
Tables 2-4 Total femur load 

weights increased 
from 4 to 14% 

BL Xarina 3 (120) 4 (~47) 3 (115) 2 (]18) 3=(116) 2= (96) 

Datsun Sunny 6=(128) 5=(158) 7 (126) 4 (123) 7 (121) 8 (106) 

Ford Escort I2 (145) 10 (171) II (139) II (144) 13 (139) t0 (109) 

Colt Lancer 9=(138) 3 ~146) 9 (130) 5=(t32) 8 (127) 1t (I10) 

Reliant Kittoi~ 8 (’37) tl (174) 8 (129) 8=(t35) I0 (133) 6 (I02) 

Vauxhali Ct~evette 9=(138) 8=(166) 10 (136) t2 (148) t2 (137) 9 (108) 

BL Princess I (104) 1 (12I) I (I03) 1 (105) I (98) 2= (96) 

C~rvsl~r_ Alpii~e 15 (160) I5 (193) 15 (t6I) t4 (169) 15 (160) 14 (117) 

\% Golf 2 (I10) 2 (I44) 2 (109) 3 (tl9) 2 (103) l (95) 

Fiat 133 16 (19I) 16 (203) 16 (t82) 16 (2t6) .16 (189) 16 (t27) 

Ford Fiesta 4 (124) 5=(158) 4 (122) 8=(135) 5 (t18) 4=(I01) 

Ford Fiesta A* 5 (t26) 8=(t66) 5=(125) 7 (134) 6 (119) 4=(101) 

iord Fiesta B* 6=(128) 7 (I63) 5=(I25) 5=(132) 3=(I16) 7 (I03) 

Renaul~ 5 14 (154) 
12 (175) I~ (I58) 15 (t70) 14 (142) 15 (t18) 

Renaul~ 5A* 13 (146) 13 (177) J3 (149) 13 (156) It (134) 13 (113) 

Renaul~ 5B* lI (142) 14 (179) 12 (145) 10 (143) 9 (t32) 12 (lll) 

10% total for side whole-vehicle impact pelvis/legs re- ing of the whole-vehicle impact could encourage use of 
suits (e.g., 5% for pelvis load and 5% for car side seat belt locks or tighteners and load limiters). It is also 
strength as measured by barrier peak deceleration), related to whether any importance should be placed on 

those who are unrestrained. 
For front impact protection more choice is possible, 

but a similar split of approximately one-third for the 
Since these proposed allocations of weighting factors 

interior headform results and two-thirds for the whole- 
(as in Table 1) are clearly somewhat arbitrary and pro- 

vehicle impact results appears reasonable, giving weight- 
visional, it is important to know how sensitive the cal- 
culated Crashworthiness Ratings using them are to 

ing factors of: 
different assumed weightings. With so many variables the 

Whole-vehicle 3 intrusion meas- 5% each 
possible permutations of weighting factors and critical 

test: urements (mainly leg 
values are endless and confusing. The Crashworthiness 
Ratings given in the first column of Table 6 have therefore 

protection) 
been recalculated for five different combinations: 

Head accelera- 10% total (head) 
tions Column 2. 

Chest aecelera- 20% total (chest) Changing the front/side split from 70/30 to 50/50, by 
tions altering all weighting factors of Table 1 appropriately (i.e., 

Femur loads 4% total (pel- by multiplying the frontal ones by 5/7 and the side ones 
vis/leg) by 5/3). 

Headform 6 head/chest im- 3% each Column 3. 
test: pact areas (mainly head, With the front/side split at 70/30, changing the driver/ 

some chest) passenger split from 70/30 to 50/50. 
1 knee impact 3% (legs) Column 4. 

area Keeping the original front!side and driver/passenger 

The total head weighting is then about 28%, chest splits of 70/30 but changing the relative importance of 

about 20%, pelvis/legs 22%, in reasonable agreement chest and leg loadings in the frontal whole-vehicle impact 
with the split suggested above. The frontal whole-vehicle/ test, by reducing the total chest accelerations weighting 

headform test split is 49/21, i.e., 7/3 rather than 2/1 as factor from 20% to 10% and increasing the total femur 

suggested. This decision on the best whole-vehicle/head- loads weighting from 4% to 14%. 

form test split could be reconsidered, taking into account Column 5. 
the likely effects on car design (e.g., increasing the weight- With the front/side and driver/passenger splits at 70/30, 
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the chest accelerations at 10% and femurs at 14% total, estimated quite easily, e.g., (1) reducing the largest rib 

increasing the femur critical load value from 4 kN (the load from 2.2 kN to the 1.6 kN obtained for the Princess 
generally agreed level for serious injuries in Europe) to would make this parameter contribute only (1.6/1)z X 5 

10 kN (a proposed tolerance levet in USA). = 12.8 points instead of 20 points, a reduction of 7.2 

Column 6. points. Similarly, (2) padding the B posts should allow a 

As first column (i.e., as Table 1) but without squaring reduction of peak headform deceleration from 164 g to 

the quotients, perhaps 110 g, with a contribution of (110/80)z × 5 = 

In spite of these fairly large changes in weighting factors 
9.5 points, a reduction of 10.5 points. Improving the seat 

and critical values the effects on the rankings and relative 
belts, (3), for example the use of webbing locks should 
reduce driver head acceleration from 135 g to perhaps 

Crashworthiness Ratings are quite small, and the pro- 
the 89 g measured for the Princess, giving a contribution 

posed system does not therefore appear to be excessively 
sensitive to the values assumed. Even the differences in 

of (89/80)z × 7 = 8.7 points instead of (135/80)z × 7 
= 19.9, a reduction of 11.2 points. Strengthening the car 

rankings between the first column and the last, produced 
side, (4), to give 12 g barrier deceleration instead of 10 

by using the quotients linearly rather than squaring them, g would contribute (15/12)~ X 5 = 7.8 points, a reduction 
seem small. This direct use of quotients would compress 

of 3.4 points, and (5) changing the steering wheel design 
the range of ratings significantly (from 104-191 with 
squared quotients to 95-127) but it is the ranking that is 

to give an on-spoke headform deceleration of 75 g instead 

of interest, 
of 127 g would contribute (75/80)2 ~( 3 = 2.6 points, 

Repeatability among the three samples of the Ford 
saving 4.9 points. 

If al! these five measures were taken the total reduction 
Fiesta is good, with ratings of 124, 126, 128 when using 
the nominal Critical Values and Weighting Factors. The 

in Crashworthiness Rating should be 37 points, giving a 

repeatability of the Renault 5 samples also appears sat- 
new value of 83 points instead of the original 120. The 

isfactory with ratings of 142, 146, 154, especially as the 
designers might consider that door padding would reduce 

two lower figures relate to the more recent test cars which 
the interior space too greatly, and that the vehicle side 
strengthening would be too expensive in relation to the 

incorporated interior changes introduced by Renault since 
improvement in rating it would produce. However the 

the original test cars bought in 1976. 
remaining three alterations (B post padding, seat belt 

An example of the effects of vehicle improvements on 
Crashworthiness Rating may be obtained by imagining 

improvement, minor steering wheel design change) should 
reduce the rating by nearly 27 points to 93, well below 

that its designers have decided that the Marina’s rating 
must be reduced from the present 120 to below that of 

the VW GolFs 110. It is of course to be hoped that the 
sales advantage resulting from this difference will last 

the VW Golf (110). Inspection of Table 5 shows that large 
contributions to the Marina’s rating are being made by: 

only as long as it takes the Golf’s designers to study the 

(1) the largest rib load of 2.2 kN in the side mobile barrier 
equivalent of Table 5 for their vehicle and implement 

test, contributing 20 points, (2) the B post headform de- 
their own safety improvements! 

celeration of 164 g in the interior impact test, contributing 
20 points, (3) the driver’s peak head acceleration of 135 DISCUSSION 
g in the frontal barrier test, contributing 19.9 points, (4) 
the barrier peak deceleration of only 10 g in the side Before considering the viability of a Crashworthiness 

mobile barrier test, contributing 11.3 points, (5) the steer- Rating system, several points of detail should be clarified. 

ing wheel rim stiffness (on-spoke) headform deceleration (1) Restraints: This proposed rating method is based 

of 127 g in the interior impact tests, contributing 7.6 on the results of testing with restrained dummies, and 

points, (6) the second largest rib load of 1.2 kN in the therefore does not attempt to predict the protection of- 

side mobile barrier test, contributing 7.2 points, fered to unrestrained occupants. This is considered ac- 

Options considered by the Marina designers would ceptable, since people who do not wear seat belts are 

therefore probably include (1)energy-absorbing door trim clearly unlikely to be interested in their vehicles’ crash- 

to reduce side impact rib loads, (2) energy,absorbing ma- worthiness. However, many of the design changes made 

terial on the B post, especially a redesign of the upper to obtain a low rating (especially in reducing the interior 

seat belt anchorage, (3) improving the seat belts to prevent headform test (decelerations) will also benefit unre- 
head contact and thus reduce the driver’s peak head ac- strained occupants. 

ceteration, (4)strengthening the vehicle side, e.g., by mod- (2) Mass ratio: This rating will use a fixed frontal 

ifying the seats and mountings to prevent door intrusion, barrier impact test carried out at the same speed for all 

using door sill buttons, foam filling the sills, (5) changing cars. It does not therefore take into account the facts that 

the steering wheel design slightly to reduce on-spoke stiff- (a) in a collision between a light car and a heavy one, 

hess. The likely improvements to the car’s Crashworthi- conservation of momentum ensures that the light vehicle 

hess Rating which these changes would make could be experiences a bigger velocity change and a more severe 
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impact than the heavy one, (b) the probability that any is to avoid risking the catastrophic loss resul~mg from 
collision will be with a car lighter than one’s own increases tooling up for an unsaleable model. For a Crashworthiness 
as the weight of one’s own car increases. By ignoring Rating system the financial penalties from getting a poor 

....... these facts the Crashworthiness Rating will understate result are comparatively small, since the cars can continue 
the relative safety of heavy cars in comparison with light to be sold. The impact testing can therefore be done with 
ones. Although the point is controversial, it seems possible early ears from the normal production line, which will 
to justify this on several different grounds, e.g., (a) a high be more representative of production vehicles and also 
proportion of car collisions involve solid roadside objects cheap enough to allow multiple testing (with test results 
or heavy trucks and coaches, where car mass is unim- being averaged) if this is considered worthwhile. 

.... portant, (b) introducing a rating system that would permit (6) Publication of results: Detailed results of all ears 
.... simply increasing vel’dcle weight to produce a better result tested should be made publicly available, so that everyone 

would act against the world need for lighter cars to save can see how each model’s Crashworthiness Rating has 
fuel, (c) legislation has always required the same severity been arrived it, although of course the normal ear buyer 
of test impact e.g., a 30 mileih barrier test, regardless of may only be interested in the overall rating figure. It 
car mass, and there is no need to add to the difficulties appears that these ratings will vary from approxhnately 

......... of introducing a Crashworthiness Rating system by ad- 80 for the best cars to 200 for the worst, and it is not 
.... vocating a change to this principle now, (d) even ff there clear whether the general public will be able to use these 

is good theoretical justification for testing heavy cars at numbers effectively to compare cars. As suggested above, 
lower frontal barrier hnpact speeds than light ones, such it would probably be useful in addition to divide the range 
a procedure seems unlikely to receive political support, into five bands to which stars would be allocated (from 
The proposed Crashworthiness Rating scheme does not one star for the worst to five for the best), as is done for 
give a fair comparison of safety between cars of greatly petrol, hotel and freezers. Table 7 shows a provisional 

.... different mass, but is intended for comparison between star banding system. 
cars of similar mass. Although these and other questions require debate, it 

(3) Missing data: The action to take when items of data is felt that they do not east doubts on either the value of 
are lost during a test, e.g., from instrumentation failure, a Crashworthiness Rating system or the feasibility of 
must be agreed. Tentative proposals are (a) for head and riving one on the lines suggested. The major problem 
chest accelerations in the fronta! barrier test, set the miss- preventing introduction seems likely to be simply the cost 
ing item equal to the critical value for that parameter, of carrying out the necessary crash testing. At least two 
(b) if a femur load is lost, replace it with the highest of samples of each car model would be needed (one for 
the three remaining measured femur loads, (c) if one of frontal interior headform testing followed by the whole- 
the loads from the upper three fibs is lost in the side vehicle side impact, and the other for side interior head- 
mobile barrier test (at a time in the impact before the form testing followed by the whole-vehicle frontal barrier 
peak rib loads have been reached), use the largest meas- test), and as suggested above use of more samples would 

.......... ured fib load figure twice, i.e., for both the "largest fib be very desirable. Some possible methods of reducing the 
load" and the "next largest rib load" data items, (d) if system’s costs to the government are: (a) restrict the rating 
the pelvis load measurement is lost in the side impact, 
use a figure obtained by multiplying the peak pelvis lateral 
acceleration by the effective mass of the dummy’s pelvis Table 7. Proposed "Star" allocation method. 
(approx 10 kg for the TRRL Side Impact Dummy), (e) 

Crashworthiness I "Stars" Cars and Ratings if a steering wheel headform impact measurement is lost Rating (from Table 6~ columr~ I 
(and the wheel is damaged), install a new wheel and/or 
column and repeat the test. ~ioo 

I 5 ~ta~___ 
None 

(4) Manufacturers’ representation: Clearly car manu- 10~ to 120 

[ 4~ar 
BL Princess I04 

facturers’ representatives should be encouraged to be pres- 

I ]                           VW Golf 

I 10 

ent when their vehicles are being tested so that any BL Marina 120 
objections to the test conditions can be raised before rather 121 to 140 Ford Fiesta 124, t26, 128 

than after the testing. D~ts.,~ S ..... y 128 
(5) Test variability: Var~ab~ty between nominally iden- Reliant Kitten 137 

tical impact tests is a well-known problem, and it would Co~t Lancer 138 
clearly be very desirable to test more than one example Va.~ha~ i CheveCte 
of each car model in each type of test. This multiple 

141 to 160 I 2 st-~"r. [ Renault 5 142, t46, /54 
testing is normally considered to be financially impossible [ 

J                           F o r d E s co r t(i ~ ~) 

145 

under the present system where passing the test is a legal Chrys let Alpine 160 
necessity before a car can be sold, since the manufacturer 

~ 16 l ~ Fiat 133 must test with early and very expensive prototypes if he 
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scheme initially to only say the 5 or 10 models predicted at least ten popular car models would be tested each year 

to be the best sellers in the next year, (b) encourage during this second phase. 

manufacturers of quality low-volume cars to pay for of- 
ficially witnessed tests of their products so they can use CONCLUSIONS 
the Crashworthiness Rating in their advertising, (c) en- 
courage consumer organisations to contribute to test 

1. A Crashworthiness Rating System could well be a 
costs, (d) obtain international agreement on the tests to 

method of achieving safer cars without requiring 
be carried out and divide the testing of "world cars" 
between countries where they are sold; if necessary dif- 

new legislation. Vehicle buyers and users could ben. 
efit from its introduction and manufacturers would 

ferent weighting factors could be used when calculating 
the ratings to reflect each country’s accident situation 

be encouraged to improve the safety of their prod- 

(e.g., front!side split), (e) purchase and test only the min- 
ucts. 

imum two samples of each model, but encourage any 
2. A rating system based on a frontal impact test alone 

would not be satisfactory. A Crashworthiness Rat- 
manufacturer who feels his product has been unfairly 

ing system should be based on the results of both 
rated to pay for another vehicle and a repeat set of tests, 

whole-vehicle barrier front and side impact tests and 
whose results would be aver&ged with the first set. 

interior impacts using a pendulum or free-flight 
Even without these cost-sharing proposals, however, 

headforrn. A simple arithmetical process is described 
the price of testing 10 models per year in UK should not 

which combines the results of 40 measurements from 
be more than £200,000, i.e., less than a tenth of the cost these tests into a single Crashworthiness Rating fig- 
of one day’s road casualties (ref 9). It seems highly prob- 

ure. 
able that the benefits resulting from a Crashworthiness 

3. A procedure for deriving weighting factors is de- 
Rating system would justify this small investment. 

scribed which matches the contribution of each 
measured parameter to the likelihood and impor- 

PROPOSED FUTURE DEVELOPM ENT tance of the corresponding car occupant injuries. In 

PROGRAMME other words, the system attempts to take account 
of the relative proportions of front and side crashes, 

No decisions will be taken about any Crashworthiness front passenger seat occupancy, and the cost of in- 

Rating system in the UK until after 9th ESV Conference, juries to different parts of the body. 

to allow consideration of criticisms and suggestions for 4. Ratings are calculated for 12 models of small and 

improvements or alternatives. However at present it ap- medium sized European and Japanese production 

pears that the best plan would be to proceed in two phases, cars. The system is shown not to be unduly sensitive 

In the first, TRRL would continue to test samples of to the assumptions made about the critical values 

popular car models each year, using the sort of test pro- and weighting factors for each measured parameter. 

cedures described in this paper. During this phase, dis- However hypothetical modifications to improve oc- 

cussions would be held with all interested parties in cupant protection are shown to produce significant 

Europe and elsewhere, to agree to a new set of procedures, improvements in rating. 

Questions to be settled before then would include the 5. Tests of two additional samples of each of two of 

choice of the front and side impact dummies to be used the 12 car models indicate that the proposed rating 

and the possibility of changing to a deformable side impact system gives repeatable results. 

barrier instead of the present rigid one. In other words 6. The proposed system rates cars’ safety on the as- 
the revised system would make the best use of official sumption that occupants will be wearing seat belts. 

test procedures including test levels above the legislative It is designed to enable comparisons to be made 

ones. between cars of approximately similar mass and does 

Public reaction to the Crashworthiness Rating system not indicate the relative safety of cars of very dif- 

would be sought and assessed during the first phase, so ferent mass. 

that any necessary changes in procedures or proposed 7. Methods of sharing the crash test costs among in, 

presentation of results could be incorporated in the second terested parties and countries are proposed. Even 

phase, without these, however, the annual cost of a Crash- 
The impact tests chosen for phase two would be in- worthiness Rating scheme to cover 5 additional 

tended to remain unchanged for perhaps five years before models each year is estimated at about £100,000, 

being updated again, but of course the arithmetical part which is less than a hundredth of one per cent of 

of the rating system (e.g., choice of Critical Values and the annual cost of road casualties in the UK. 

Weighting Factors) could be changed sooner if this was 8. No decisions will be taken about any Crashworthi- 

considered advisable, since this would continue to use the ness Rating system in the UK until after 9th ESV 

valuable accumulated store of test data. It is hoped that Conference, so that criticisms and alternative pro- 
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posals can be considered. However a possible two- Impact Dummy. Proceedings of the 20th Stapp Car 
phased development programme is described. Crash Conference, 1976, SAE p7(~)802. 
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The New Car Assessment Program--- tatus And Effect 

JAMES HACKNEY and tests were run to evaluate the relative crash severity of 

VINCENT QUARLES different frontal modes. The results of all these tests are 

National Highway Traffic Safety summarized in Table 1. For consistency in analysis, ref- 

erences in this report are made to the available full frontal Administration test data only. 

The performance of the tested vehicles strongly indi- 
cated that different levels of occupant safety may have 

INTRODUCTION existed. The measurements on the restrained dummies in 
these crash tests ranged from a low of 381 to a high of 

In 1978, the National Highway Traffic Safety Admin- 4513 for the Head Injury Criterion, (HIC) and from 33 
istration began the crashworthiness assessment of new g’s to 108 g’s for the chest acceleration. These results 
cars by running high speed frontal barrier crash tests, were sufficient to identify potential safety design problems 
This New Car Assessment Program (NCAP) has as a in the individual vehicles (1). Primarily, these problems 
primary goal the development of a methodology for pro- were associated with the safety belt systems and the steer- 
viding consumers with a measure of the relative safety ing assemblies. 
potential of automobiles. Therefore, a successful NCAP All information from these tests has been made avail- 
should provide the technical basis for the development of able to manufacturers and consumers through varous 
vehicle crashworthiness rankings or ratings. NHTSA press releases, the Car Book (2), media, and 

Since the beginning of NCAP, ninety-two model year direct contact. This report presents the reaction to this 
1979, 80, 81 and 82 production automobiles have been information by the consumer, the manufacturers, and by 
crash tested at a nominal velocity of 35 mph into a rigid NHTSA. The effects of this information on occupant 
barrier. Eighty-seven of these tests were full frontal im- safety are examined and major NCAP issues are dis- 
pacts and five were oblique frontal impacts. The oblique cussed. 
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CONSUMER REACTION CONTINUES ratings and their willingness to pay for those ratings in 

POS1T~VE the price of the car they buy." The survey also gives 
"evidence that the ratings will play a subsidiary, but not 

Consumer reaction to the NCAP has continued positive trivial part in determining consumer automotive choice." 
since the initial release of occupant safety information. Under present economic conditions, the consumer 
’~he first NHTSA press release of safety data and the seems to be evaluating all aspects before deciding which 
media coverage of the "Small Car Press Day" in August automobile to buy. The new car purchase is now viewed 
1980 created considerable consumer interest. The publi- as a longer term investment. 
cation of "The Car Book" in December 1980 by NHTSA Two forces will continue to maintain or increase the 
was highly successful. Five hundred thousand of the first consumer’s interest in automobile safety information, the 
edition and more than 1.4 million of a revised second consumer’s view that he will keep his car longer and the 
edition were requested by the public, renewed emphasis on safety from the National Safety Belt 

The Consumer Union has published their interpretation Campaign. 
of the NCAP results each year. Their surveys have in- 
dicated that the articles on autornobile safety are con- 
sistently high in reader interest (3). AUTOMOBI LE MANUFACTURERS’ 

This interest is supported by the most recent NHTSA REACTION TAKES TWO FORMS 
sponsored consumer survey by Robert Kernish of Boozo 
Allen and Hamilton (4). In this survey, "Consumers in- The manufacturers’ reaction occurred in two forms, 

dicated their approval of the principle of government verbal or written comments relative to problems associ- 

Table 1. Summary of new car assessment test results. 
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Table 1 (cont.) 

ated with the data and tests and positive action to improve actefize the test results, it was the general consensus of 
the safety performance of their products, the symposium workshop pa~icipants that some type of 

The issues raised by the manufacturers included items numefic~ index is a better approach both for devebp~ng 
such as: the ~fo~ation and from a consumer standpoint. 

For the test repeatability/variability issue, it w~s agreed 
1. relationship of injury criteria/test condition to real 

that the test results may va~ because of vehicles, rum- 
world accident environment 

2. the use of pass/fail rather than a continuous function 
mies, test inst~ments, faciliti~, tes~ pr~edures, and 

3. test repeatability/vafiability-NCAP results are 
other factors. Industry conce~ was that this wilt cause 

based on only one test. 
a significant variation in test results on nearly identical 
cars. This would be a critical consideration in a ~9mpar- 

Most of these items were discussed extensively at the ative test meth~ology which employs pass/fail criteria. 
Intemation~ Automotive Ratings Symposium sponsored These three major issues and the action NHTSA has 
by NHTSA in December 1980 (5). taken to resolve them are discussed ~n later sec~bns. 

For the first issue, indust~ members generally felt that One of the most encouraging aspects of the NCAP has 
~y rating system which is based on crash tests should been the positive actions by the manufacturers. These 
be validated through the use of accident data. Since testing actions were in the fo~ of changes in their safety systems 
to date has been done with restrained dummies it was and followed soon after the release of the 1979 and 1980 
suggested to investigate the use of accident data in a model year data. Table 2 lists many of these changes. 
count~ in which safety belt usage is compulsory. ~is list is not to be considered ~ a complete fist of either 

For the second issue, the use of pass or fail to char- manufacturers or chang~ that may improve safety ~n the 
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Table 1 (cont.) 

81 and 82 models. It is presented only to illustrate the due to a significant dimensional change from the previous 

capability that the auto industry displayed as it became year design. The 1981 MY was tested when NHTSA 

evident that different performance levels existed in the became aware of the design changes that Honda had 

vehicle population, incorporated specifically to improve safety performance. 

As illustrated in Table 2, the changes to the vehicles Occupant responses from the three tests are given in 

were primm~ily modifications to belts systems and steering Table 3. 

assemblies. These items were the predominant cause of By comparing the 1980 and 1981 results, we see that 

poor performance in the higher speed tests, the HIC was reduced by a factor of four for the driver 

The ideal situation would be to test all vehicles that and by a factor of three for the passenger. Excellent results 

were modified to determine the effect of the changes on are also obtained for the chest g’s and femur loads. In a 

their safety performance. Due to budget constraints, it study by MGA Research Corporation (6), sponsored by 

has not been feasible for NHTSA to retest all the vehicles NHTSA, it was concluded that the design changes related 

but two prime examples that will be examined in detail to the steering column and the restraint system were most 

in the next sections are the 1981 Honda Civic and the significant in reducing the occupant responses. 

1982 Volvo. The steering column performance of the 1980 Civic 
was typical of many of the 79 and 80 model year trans- 
verse engine front wheel drive vehicles. The upward move- 

THE 1981 HONDA CIVIC-AN EXAMPLE OF ment of the column placed the steering wheel hub in the 
POTENTIAL SAFETY IMPROVEMENTS IN direct path of driver’s head. With the redesign, the column 
SMALL CARS not only remained out of the way of head impact but also 

provided effective energy absorption for the chest. It is 
Honda Civics were tested in three consecutive model clear that column performance of this type is beneficial 

years, 1979, 1980, and 1981. The 1980 MY was tested for both restrained and unrestrained drivers. 
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Table 2. Design changes to 1981 and 1982 model year automobiles that may affect safety performance. 

Component Changed Safety Belt and Assembly Seat Structure Steering Wheel, Column, or Assembly 

Toyota Tercel X X 

Toyota Corolla X _._.~ 

Toyota Corona X 

Toyota Celica X 

--~ Subaru X 

o Fiat Brave X 

........... Datsun 310 X 

~ Datsun 510 X 

Datsun 200SX X __ 

Honda Accord X X X 

Honda Prelude X X X 

Honda Civic X X X 

Volvo X 

Fiat Spider X 

Honda Civic X X __ 

--~ Honda Prelude X X X 

o Mercedes X 

~ 
Datsun 310 X 

~. Subaru X 

Toyota Starlet X 

Toyota Cressida X X 

Toyota Corolla X X 

From examination of the vehicles and comparison of Based on the dummy measurements, the Honda results 

the test films, it was observed at least two changes to the illustrate that it is feasible, both technically and econom- 

Civic’s belt system were made. The D-ring was relocated ically, to significantly improve small car performance in 

on the B-pillar and the retractor was modified to reduce severe frontal impacts. 

belt spool-out. These changes caused an earlier belt load- ....... 
ing and reduced or prevented head impact. 

The engineers at Honda did an excellent job .of running THE 1982 VOLVO--NHTSA RESEARCH 
design changes to a production vehicle to obtain these RESULTS PROVIDE INFORMATION 
outstanding safety results. Certainly, the few items dis- 
cussed above do not constitute all changes to the vehicle. A 1979 model year Volvo 244DL was one of the first 
Only the manufacturer could provide the complete details vehicles tested in the NCAP. The HIC’s were ir~ excess 
and processes that were involved, of 1700 for both the driver and passenger. These results 

were surprising in that the Volvo had been used in several 
of NHTSA’s advanced restraint programs because of its 

Table 3. Comparison of results from Honda Civic tests, favorable safety characteristics. These results led to action 

- by both Volvo and NHTSA. Volvo conducted several 35 

Vehicle HIC Chest g’s Femur Ids. mph tests on similar vehicles and, although their results 
Model l ........ were not as high as the NHTSA test results, they found 
Year Driver[Passenger Driver !Passenger Driver Passenger 

marginal performance. The NHTSA embarked on a pro- i     i I 
ject to evaluate and possibly upgrade the belt system in 

1979 2031= 2094 ! 93 46 ] 1080 1520       vehicles such as a Volvo (7). This project was concluded 

with testing of a Volvo 244DL and a Volvo 242DL with 

1980 2891    1510 58 56 1006 3181 reduced belt length. This testing indicated a significant 

~__ I 
!I- 

improvement in occupant response by reducing belt spo01- 

i out and decreasing the forward motion of the ~upant, 
1981 605 492 

i 41 
35 i 500 1100 Results of this project were made available to Votvo and 

I other manufacturers. 
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In their 1982 MY vehicle, Volvo incorporated a rede- salting modification of the Reliant consisted of the fol- 

signed belt system as indicated in Table 2. NHTSA has lowing: 

completed tests on production 1982 Volvo 242DL. 1. installation of a modified Takata Kojyo webbing 
salts of these tests along with the results of the t979 test clamps and webbing clamp mounting brackets to 
are shown in Table 4. Si~ficant improvement for the the B-pillars and side roof rails, 
belted occupant is evident. 2. removal of the production shoulder belt D-rings 

located at the B-pillars, 
THE RELIANT K--SIGNIFICANT iMPROVE- 3. replacement of the production belt webbing with 
MEAT IN SAFETY PERFORMANCE ~S 8% elongation Takata Kojyo webbing maintaining 
DEMONSTRATED the production belt length, and 

4. stiffening of the front seat cushion. 
Soon after its introduction, Chrysler’s Reliant K was 

tested in the NEAP. Test results showed that the pas- A 35 mph barrier crash test was run with the modified 

senger experienced serious head impact with a HIe of vehicle. ResNts of that test are compared with the baseline 

1731. The NHTSA initiated research m identify those vehicle in Tabte 5. Significant improvements in safety 

belt restraint system design characteristics which permit performance are demonstrated by the large redaction in 

excessive front seat barrier collision exposure and improve both the Hie values and the chest g’s. These results again 

the production belt restraint system to ensare that the iIhistrate the possibility for better occupant safety with 

~upant injury criteria are reduced to acceptable levels only minor vehicle changes. 

in such a crash (8). From this research, it was conchided: 

1. Pdght-front passenger high HIe value stemmed dio COMPARISON OF NeAP INJURY CRITERIA 
rectly from head impact with the unpadded metal TO ACCIDENT DATA 
dashboard top cover. 

2. Excessive fore-aft occupant stroke (relative to the As mentioned earlier, the correlation of crash test data 
passenger compartment), combined with sabstantial to real world accidents continues to be an issue. Direct 
apw dashboard intrusion, permitted correlation of the NeAP data to the real world is a very 
the alz~ve contact to occar, difficult if not impossible task. By testing with the re- 

3. The Plymoath Reliant has a relatively limited strained dummies, the opportunity to develop this cor- 
amount of available passenger compartment strok- relation with available United States accident data is 
ing distmqce (e.g., as provided by a dammy chest° sacrificed. With belt usage continaing at approximately 
to-dash measurement) compared to other cars in its 10 percent inadequate accident data are available to eval- 
size/weight class, uate the relative safety of vehicle makes and models in 

4. The aforementioned dashboard intrusion seriously protecting belted occupants. However, this does not pre- 
compromised the (somewhat limited) space available elude some comparisons between certain parameters of 
for the occupant to ride down the crash. the NeAP test resalts and existing U.S. accident data 

5. Belt spool-off from the retractor is the principal studies. In the following discassion and analysis, these 
mechanism responsible for excessive occapant stroko comparisons will be made and the recommendation from 
ing. Significant belt playoa~ and head motion, at the Internatioual Symposium to utilize accident data from 
rela#~’ely low torso belt loadings, occur early in the a country where restrained occupant data are available 
event,                                             will be applied. 

An experLmental design program was conducted. Re-       Initially, the relationship of the dummy injury criteria 

Table 4. Corn 3arison of results from Volvo tests. Table 5. Comparison of results from Reliant K tests. 

H~C Chest g’s HIe Chest g’s 

Vehicle Vehicle ’ ~ 
Driver Passenger Driver Passenger Driver t Passenger 

~Passenger 

1979 244DL 1782 1889 52 61 Baseline 605 1731 52 I 59 

1982 242DL 550 381 43 34 Modified 391 296 34t 37 
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A|S 
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3 8 Crash Data 
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0                                               Langwiadar 
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Figure !. Relationship of ~V and head AIS from accident 

~o tSe 5~man Jn tSe c~as5 event must be established. ~ow Figure 3. Relationship of &V and HIC from P572 simulations 
and tests. 

do HIC and Chest g’s me~ured on a dummy translate 

to AIS levels of people in accidents? Dr. K. Langwieder 

addressed this question in a paper presented at the He then developed relationsh~psbetweenthe HIC, CSI, 

Twenty-Third Stapp Conference (9). First, he ~tablished and the delta V for the P572 dummy. These are shown 

relationships between head and chest AIS levels and crash in Figures 3 ~d 4. These relationships were developed 

severity (delta V) for restrained accident victims. These from analytical simulations of restrained dummies. 

relationships are shown in Figures 1 and 2. Dr. Lang- A question arising at th~s stage of Dr. Lan~ieder’s 

wieder utilized the accident data on restrained occupants approach is the accuracy of the analytical simulations. 

from West Ge~any. With the number of full scale crash tests available in the 

12 

~ . Crash 

3- 

2 - _, ~ng 

’0 20 40 60 ~ 0 ~ ~ 
~V [kin/hi ~V 

Figure 2. Relationship of &V and chest AIS from accident    Figure 4. Relationship of &V and CSI from P572 simulations 
data,                                                and tests. 
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NHTSA data base this question can be. In fact, the dashed as well as complete evaluation of test repeatability must 

curves in Figures 3 and 4 show adjustment to the sire- be done before the results of this analysis can be viewed 

ulations that are based on average dummy responses in as conclusive. The approach, however, appears to have 

NHTSA crash tests. The frontal crash test data utilized promise and the NCAP results to date indicate the con- 

to make these adjustments included 31 automobiles crash tinuing commitment of automobile manufacturers to 

tested at 30 mph and 45 automobiles crash tested at 35 build enhanced levels of protection into cars. 

mph. The delta V’s for these speeds were 33 mph and 40 By referring again to the group of 30 and 35 mph tests 

mph. Tables 6 and 7 list these vehicles along with vehicle and utilizing these injury relationships, AIS levels were 

registrations and the injury data from the restrained P572 determined for all occupants in the crash tests. Then, 

driver and passenger dummies. The mean values of the with the AIS levels available, fatality rates for each vehicle 

HIC and CSI for the dummies were calculated from these were calculated by using the fatality rate equation de- 

data and are given in Table 8. By using these mean data, veloped from NCSS data by Eppinger and Partyka (10). 

the adjustments were made to Langwieder’s simulation By using this information and the vehicle registration 

results. Limited crash test data at lower and higher delta data the overall fatality rates for delta Vs of 33 and 40 

V’s were also examined and found to fall within reason- mph are calculated and the probabilities for serious in- 

able bounds of the adjusted curves, juries (AIS 3 and greater) are also determined and given 

By taking the accident victim injury data from Figures in Table 9. These rates and probabilities can be directly 

1 and 2 and dummy injury data from Figures 3 and 4, compared with statistical accident data from the National 

relationships between human injury and surrogate criteria Crash Severity Study. 

can be developed. Figures 5 and 6 show these relationships Extensive statistical analyses of the NCSS file have been 

as generated by Langwie ter and as adjusted by the crash performed by the Highway Safety Research Institute of 

test data. By using these adjusted curves, it then becomes the University of Michigan (11). These analyses produced 

possible to derive estimates of the relationship between logistic curves of the probability of injury versus impact 

NCAP results and accident data. severity. The curves for the frontal accident subset are 

In the following paragraphs, what is attempted is the shown in Figure 7. In this figure, the probability of serious 

application of Langwieder’s accident data toa large body injuries, AIS 3 or greater, versus delta V for central im- 

of U.S. test data. In aggregate, his data appear consistent pacts are shown with occupant age fixed at 30. The prob- 

with our own. In the course of this analysis, these rela- abilities of serious injury from the crash test results, Table 

tionships will be applied to individual vehicles. Clearly, 9, are also shown in this figure. Both values from the 

more analysis of the U.S. data files for belted occupants crash tests show reduced probabilities for severe injury. 

Table 6. Vehicle registrations and dummy injury data for 30 mph crash tests. 

DRIVER                                        PASSENGER 
VEHICL~ REGISTR. HIC i CHEST CSI LFEM RFKM HIC CHEST CSI     LFEM    RFEM 

G G 

78 C~RY~L~R LEBANON 318743. 878. 64. 423, 0~ 0. 985. 41. 345~ 
78 C~EV~OLET NOVA 1048371. 1150. 48. 378. 0. 0, 1641. 56. 479. 

78 AMC G~£ML~N 5~534. 800. 49~ 307. g. 01 855. 40. 288. 
78 DATSUN 810 49595. 603. 40. 221. 0. 0. 763. 35. 282. 
78 MAZDA RX 389#5. 1451. 52, 395. 0. 0. 2042. 54. 383. 
70 P~UGgOT 6~4 SL 3168. 1347. 48. 325. 0. 0. 694. 40. 274. 
78 TOYOTA CRgSbIDA 1501~. 582. 61. 345. fl~ 0. 910. 39. 259. 
78 DODG£ CHALLeNGeR 19657. 5~9. 59. 36~. ft. 0. 885. 47. 289. 
78 CNEVROLE~f CHgVETT~ 298981. 1024. 43. 314. ft. 0. 936. 43. 337. 
78 V~ P~A~SlT 291049. 1552. 59. 448. 0. 0. 661. 42. 233, 
78 FORD FAINMONT 517844. 744. 41. 269, 154. 212. 396. 31. 186. 2286. 214. 
7~ CHKVROL£T ~ALIBU 1444240. 931. 41, 393. 539° 452. 589. 31. 237. 240. 538. 
78 PLYMOUTH HORIZON 188383. 1202. 51. 356, 489. 362. 595. 38. 267. 564. 685. 
78 ~UIC~ LESA~RE 1421078. 812. 46. 24fl. 298. 222. 699. 36. 180. 222. 285. 
78 PLYMOUTH SAPPORO 13143. 665. 60. 389, 660. 144~. 766. 34. 234. 480. 526. 
78 CH£V MONTE CARLO 12~7236. 783. 31. 249. 538. 413. 779. 30° 227. 340. 516. 
78 OLDSMObiLE CUTLASS 1061597. 760. 39. 296~ 234~ 308. 828. 39. 266. 186. 585. 
78 HONDA CIVIC 154~35. 652. 70. 431. 442. 1902. 915. 40. 261. 1253. 722. 
78 HONDA ACCORD 196826. 665. 53. 276. 876. 802. 1025. 34. 228. 677. 408. 
77 VOLVO 242 22783. 404. 28. 197. 275. 345. 268. 25. 154. 634° 271o 
77 FORD GRANADA 859761. 511. 37. 231. 793. 313. 470. 34. 196. 397~ 369. 
77 CHEVROLET IMPALA 1521372. 608. 35. 263. 2161. 218. 552. 39. 311. 331. 415. 
77 DATSUN 20flSX 66189. 749. 41. 304. 154, 556. 616.’ 33. 259. 1013. I~2. 
77 MAZDA GLC 8394~. 894. 45. 351. 1053. 534. 69~. 35. 283. 200. 97. 
77 FORD LTD iI 402868. 664. 51. 307° 650. 712. 7fl0. 42. 248. 814. 478. 

77 DODG~ ASPSN 1152912. 813. 42. 280. 820. 1032. 731. 35. 262. 572. 533. 
77 CHeVROLeT CRaVaT’rE 133468. 838. 42. 292~ 228. 2077. 887. 40. 300. 493. 199. 
77 AMC PACER 79495. 819. 37, 316~ 2175. 947. 890. 45. 338. 618. 490. 
77 ~ONDA CIVIC 147648. 675. 5ft. 44~ 462. 1931. 9~fl. 4@. 247. 2438. 599. 

77 TOYOTA COROLLA 472101. 555. 45. 336. 652. 966. 981. 50. 424. 543. 286. 
77 FORD CUSTOM 783387. 687. 45. 327. 656, 1513. 1144. 35. 188. 605. 543. 
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Table 7. Vehicle registrations and dummy injury data for 35 mph crash tests. 

DR~V~R ~A~5~NG~R 
VEHICLE REGISTN. HIC CHEST CSI L~EM RFEM HIC CHEST CSI LFEM RFEM 

G G 

79 HONDA CIVIC 155541. 2@3@. 93. 994. 1080. 838. 2@93. 46. 424. 1528. 1460. 
8@ HONDA CIVIC 165269. 2626. 54.. 613. i@@6. 3118. 1506. 47. 415. 418. 218. 
79 FORD FIESTA 146704. 1656. 64. 678. 34@. 1050. 1932, 48. 483. @. 
79 PLYMOUTH C~2~MP 217728. 1345. 72. 59]. 893. 435. 1886. 66. 684. 686. 561. 
79 DATSUN 210 454117. 1467. 69. 7@6. @. 536. 1848. 59. 619. 781. 218. 
79 VW RASSlT 18@787. 1@24. 67. 532. 117@. 63@. 429. 33. 226. 937. 146S. 
8@ VW RASSIT 186@22. 1328. 48. 489. 458. 424. 829. 54. 539. 1364. 722. 
79 CHEVROLET CHEVETT£ 34@877. 871. 47. 417. 128@. 16@@. 859. 45. 339. 69@. 14@@. 
80 CHEVROLET CHEVETT£ 362677. 668. 45. 411. 1649. 1777. 699. 40. 358. 766. 802. 
79 PLYMOUTH 0ORIZON 559384. 661. 52. 466. 974. 7@8. 786. 38. 36@. 581. 657. 
79 FORD MUSTANG 78554@. 8@2. 41. 332. 221. 946. 777. 33. 273. 781. 376. 
79 MEHCURY ~O~CAT 342312. 72@. 58. 446. 463. 1343. 1872. 51. 526. 741. 571. 
79 TOYOTA CELICA 314789. 849. 61. 473. 292@. 435. 1862. 59. 446. 4@~. 52@. 
80 CHEVROLET CITATION 1243391. 845. 48. 334. 56@. 76@° 623° 35. 295. i@48. 35@. 
79 CHEVROLET MONZA 612387. 11@8. 42. 5@i. 58@. 4@@° i@33. 41. 432. 6@0. 325. 
79 FORD FAIRMONT 577764. 939. 54, 417, 825. 1155. 1583. 85. 715. 1245. 6@@. 
80 PEUGEOT 5@4D 22326. 4513. 63. 539. 5@4. 1786. 2498. 43. 424. 1@82o 679. 
80 AMC CONCORD 181~97. 1@78. 61. 564. 13@@. 91@. 1457. 39. 375. 375. 337. 
8@ MERCEDES ~£NZ 240D 80989. 13@i. 54. 579. 674. 1687. 1363. 44. 412. 666. 1449. 
8@ FORD THUNDERBIRD 6375@4. 993. 5@. 459. 172@. 22@3. 991. 52. 416. 1733. 784. 
79 PLYMOUTH VOLARE 453454. 724. 4@. 297, I@@@. I@@@. ~677. 40. 286. 12@~. 570. 
8@ CHRYSLER LESARON I@5418. 1742. 54, 494. 913. 86@. 1252. 45. 4~6. 678. 688. 
79 PONTIAC FIREHIRD 707936. 969. 42. 36@. 582. 472. 13@7. 47. 391. 5@3. 717. 
79 FORD GRANADA 458808 1442. 61. 492. 175@. 35@. 1279. 56. 435. 39%, 57~. 
79 CHRYSLEH LESARON 163472 24@2. 45. 416. 74@. 3@@. 1@71. 39. 354. 420, 44~. 
79 CHEVROLET IMPALA 2107504 1277. 62. 617~ 368. 8@8. 1254. 51. 599. 0. 391. 
79 MERCURY MARuOIS 628121 IIIi. 61. 529. 580. 8@4. 880. 42. 398. 378. 
79 DODGE MAGNUM 25367 646. 39. 325. 25@. 725. 731. 44. 314. 36@. 170. 
79 BUICK RIVIERA 214651 547. 42. 416. 943. 892. 782. 39. 355. 1371. 1272. 
8@ CADILLAC SEVILLE 99@18. 623. 43. 318. 1@57. 681. 523. 35. 3@7. 791. 6@8. 
79 OLDS ’98 647841. 925. 59. 468. 774. 535. 1712. 54. 552. 370. 439° 
79 FORD LTD II 48564. 1082. 61. 598. I063. 2775. 8@9. 4@. 318. 584. 429. 
79 LINCOLN 121989. 521. 45. 331. 395. 393. 919. 53. 364. 577. 986. 
80 MENAULT LECAR 41577. 1938. 85. II@@. 1095. 1663o 1844. 53. 517. 2236. 184~. 
80 TOYOTA TEHCEL 38289. 1218. 48. 454. 1055. I078. 1179. 53. 426. 1386. 449~ 
80 DATSUN 310 170096. 1059. 68. 588. 1218. I090. 2019. I~8. 1428. 1369. I190. 
80 HONDA PRELUDE 82153. 29@4. 52. 545. 445. I@57. 1759. 45, 434. 465. 277~ 
80 5UHARU GLF 27@839. 1087. 72. 630. 799. 1291. 2837. 94. 9@0. 966. 1583. 
80 FIAT STRADA 20~36. 79@. 41. 335. 1159. 2143. 962. 43. 341. ii@Io 464, 
8@ AUDI 40~0 16476. 1322. 70. 679. 4@8. 353. 1428. 45. 4@7. I038. 527. 
BO DATSUN 2005X 63284. 1091. 62. 520. 1150. 893. I032. 44. 364. 663. 242, 
8~ MAZDA 626 54235. 1435. I@I. 1132. 923. 939. 22@6. 54. 6@2° 380. 209. 
79 OLDS CUTLASS SUP V8 835@79. 997. 58. 50~. 1675. 18@@. 799. 37. 364. 350. 650, 
8@ OLDZ CUTLASS 1453477. 1334. 62. 7@7. 8@I. 1958. 1125. 47. 4@2. 476. 459. 
80 DODG~ MI~ADA 27595. 95@. 43. 350. 784. 95~. 960. 37. 313. I~32. 431. 

The crash data from the 33 mph delta V tests indicate a However, a review of the fatality rates between the 
significant difference from the accident statistics. The NCSS and the crash tests provides another explanation. 
crash data at 40 mph delta V are only slightly below the As seen in Table 9, the fatality rate for the 40 mph delta 
accident statistics. V data is .109. The probability of fatality at this crash 

Intuitively, the results from the 33 mph delta V crash severity in NCSS is .199. The decrease in fatality rate by 
tests are expected since the test data are based on a 100% almost a factor of two in the crash tests in comparison 

restrained population and the NCSS on only about a ten to the NCSS file indicates that a significant reduction ~n 
percent restrained population. It might also be expected 

that a similarly large difference would be found at the 40 
mph delta V. The lack of separation between the accident 

data and the test data at 40 mph delta V may reflect an ~ 
inconsistency in the correlation and/or the difference in ] ] ] 
the severity of the crash tests relative to the real world ~ 

Lang~’vieder ~ -- 
events. 

~ 4 

~~ i ~" ’ ~ 
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life threatening injuries for the belted occupants has oc- 0 .~=~, = ~ ~ 110 t~ 22 

curred. Even though the probability of AIS 3 at 40 mph ~ 13 19 

delta V is not vastly different for the two data sets, the 
De.a v 

fatality rates definitely reflect the expected improvements Figure 7. Logistic curves for front impact subsets (age = 
in the protection for belted occupants. 30 years). 

Conclusions that may be drawn from this analysis are: 

1. Absolute co.elation of accident data to crash test all compliance testing to evaluate performance of vehicles 
~esults is not yet feasible but relative comparison to the Federal Motor Vehicle Safety Standards require- 
can be established, ments. Initially, NHTSA decided to adopt this concept 

2. Dummy responses in controlled crash tests when for the New Car Assessment Program. 
compared with accident statistics appear to provide The 35 mph test speed and the pass/fail concept were 
some measure in injury, 

viewed as approaches that would permit the test results 
to distinguish the overachievers from the vast number of 

PASS/FAIL ALTERNATIVES vehicles that simply meet the requirements of FMVSS 
No. 208 at 30 mph. However, this viewpoint was strongly 

Another of the primary issues of the New Car Assess- contested by the manufacturers after the program’s first 

merit Program that invoked substantial criticism by the press release. Furthermore, The Car Book’s depiction of 

manufacturers was the use of the pass/fail concept to pass/fail using stick man images that inferred life or death 

characterize a vehicle’s crash test performance at 35 mph was even more controversial to the manufacturers. Some 

with respect to the injury criteria of Federal Motor Ve- consumers also indicated a misunderstanding, concerning 

hicle Safety Standard (FMVSS) No. 208. The limits es- the use of pass/fail. The most common was the belief that 

tablished by this standard are 1000 for the HIC, 60 g’s if test results for a particular vehicle indicate that a front 

for the chest acceleration and 2250 pounds for the femur seat occupant failed the requirements, that occupant 

load. The pass/fail concept has been used by NHTSA in would be considered a fatality. This misunderstanding 
was also reversed, implying that the front seat occupant 
of a vehicle that passed the requirements would be able 

Table 9. NS distribution probability and overall fatality rates,    to simply walk away from this type of accident. 
These misunderstandings lead to another controversial 

Distribution Probability* topic under the pass/fail concept~marginal vehicle per- 
AIS ..................................................................... ......................... 

~v ~v formance. Indeed, the pass/fail concept permitted a ve- 
33 Mph 40 Mph 

~ hicle that demonstrated marginal performance to either 
3 .198 .355 reap the benefits afforded to the overachievers or the 
~ .m7 .24~ wrath shared by the others. This also heightened the 
5 ~020 ,0~ concern being generated over the degree of variability 

~ .0m .oss that exists in all crash testing methodology. 

Tota~ A~s _> ~ .2~s .7~0 The NHTSA responded to this controversy by elimi- 

Fatality Rate" .013 nO9 nating the pass/fail concept and by using the actual test 

data to report HIC, chest g’s and femur loads in the 1981 
Based on a total vehicte fleet of 14,064,3 f 9 for t~V of 33 M ph and 16,422,484 

for ,~V of 40 Mph. New Car Assessment Program test results. The data were 
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shown in two formats, first, a numerical table of the injury As shown in Figure 8, each AIS level spans a large 
criteria which included a yes/no indication for compli- range of HIC values. An AIS 1 occurs from HIC,s of 

ante to the requirements of FMVSS Nos. 212, 219 and 135 to 520, an AIS 5 from 1575 to 1860. In the "real 
301 at 35 mph. The table was accompanied by a narrative world" considerable overlap probably occurs within these 
and legend that explained the content. Secondly, the data ranges, but these data provide indications of the average 
were shown in a graphic form which permitted easy com- levels. 
parison of the results. The National Highway Traffic By defining these broad bands of HIC/AIS relation- 
Safety Administration believes that this change will be ships, a more reasonable evaluation of vehicle and test 
more useful to consumers because it allows them to com- procedure variability or repeatability may be possible. In 
pare vehicles on a continuous scale of performance rather the following section the NHTSA test repeatability pro- 
than grouping in just two categories, gram will be discussed, 

Use of this continuous data with the correlations as 
presented in the previous section, provides a conversion 
to the more real world injury levels as defined by the AIS TEST REPEATABILITY/VARIABILITY 
injury" scale. Figure 8 displays this scale as taken from 
HIC/AIS relationship curve in Figure 5. Similar chest The third major issue raised by the manufacturers after 

injury relationships for either CSI or g’s could be devel- the first NCAP press release is that the data from a single 

oped from this approach. Broadly defined AIS levels are: crash test of a vehicle has questionable significance be- 

AIS 1--Minor, AIS 2--Moderate, AIS 3--Serious, but cause of test repeatability and variability. Their corn- 

not life threatening, AIS 4---Severe, life threatening, AIS plaints were based on several conditions of the NCAP 

5--Critical, life threatening, and AIS 6--Maximum in- tests. The tests were conducted at four different test lab- 
jury. The American Association for Automotive Medicine oratories and variations between test sites could make 
provides detailed descriptors for these AIS levels in "The data comparison very difficult. They criticized the Part 

Abbreviated Injury Scale" manual which was revised in 572 dummy because they felt that its characteristics are 

1980 (11). variable and it is difficult to achieve repeatable dummy 

It should be noted that the scale in Figure 8 and the placement even in the same vehicle. They knew that a 

analysis of the last section are based on the limited ac- vehicle contained inherent variables due to the manufac- 
............. cident data from Langwieder’s study and are subject to turing process alone, without considering other design 

change as other data systems such as the National Ac- tolerance stack-ups. The instrumentation utilized to col- 

cident Sampling System provide more complete infor- lect and process the crash test data may have variable 

mation. It should also be noted that NHTSA is con- characteristics. These complaints, along with others, were 
sidering alternatives to HIC and dummy injury param- presented formally to NHTSA and documented as part 
eters, such as the mean strain criteria. These alternatives of the NCAP Docket Number 79-17. 
or others that may be developed in the biomechanical Since the initiation of NCAP the NHTSA has contin- 
community may provide better correlation with accident uously researched ways to develop improvements in the 
data and human injury, testing methodology. A first major step has been taken 

Figure 8~ Scale of AIS versus HIC. 
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to evaluate variability that may exist in the different con- The data that are generated from this testing will be 

tracted laboratory’s crash testing instrumentation systems subjected to engineering and statistical analyses. The en- 

by using a signal wave form generator. The results of this gineering analyses will include a structural performance 

study are given in Reference 12. The next step was the review to determine significant differences, restraint sys- 

incorporation of more seat belt data collection method- tern performance assessment, steering column movement, 

ology and camera coverage into the NCAP test procedure, and dummy kinematic photographic analysis. Test film 

The third step was the standardization of the HIC al- coverage and analysis have a vital role in this testing 

gorithm for use by every NCAP testing contractor. From series. HIC-I and HIC-III data will be compared. HIC- 

these steps, the Agency embarked upon its study of the III will be statistically analyzed only if there are a sig- 

35 mph crash testing variability issue. The primary prod- nificant number of head strikes. The statistical analysis 

uct of this study would be an improved NCAP test pro- will be based on measurements of HIC, chest acceleration, 

cedure. The improvements are directed toward collecting right femur load, and left femur load taken from the two 

data on the movement of critical components in the ve- dummies in each vehicle. Analysis of variance techniques 

hicle, such as the steering column, restraint system, seats, will be applied to these data and will be used to estimate 

etc. In addition, the photographic coverage of dummy within-site and between-site variances. These techniques 

kinematics has increased and the data collection and proc- will also be used to test whether results from different 

essing specification was upgraded to J211B:Class 1000. sites are statistically different. Various data plots will also 

Most importantly the Agency decided to initiate a 35 be made to possibly uncover data characteristics not ev- 

mph Crash Test Repeatability Program designed to pro- ident from the analysis of variance. If there is evidence 

vide a statistically sound basis for studying the variability that the data are not normally distributed, a suitable 

issue. The test vehicles would be controlled by limiting transformation will be sought° The analysis of variance 

the variables of the manufacturing process. They will be will then be performed on the transformed data. 

identical vehicles assembled on the same day at one plant Ford Motor Company has suggested the use analysis 

by the same shift of workers. The Chevrolet Citation 4- of covariance. This technique uses the data collected on 

door Hatchback was chosen as the test vehicle because the vehicle variables to estimate the effects of the inherent 

the Agency has more high speed crash data on it than variables due to the manufacturing process on the dummy 

any other vehicle. The program’s design also provides a crash test response. NHTSA will also evaluate this 

measure of site-to-site variability and within-site varia- technique. 

bility. The program consists of a sixteen test series, four It is recognized that this program has limitations. First, 

tests at each of four test sites. General Motors Corpo- vehicle variability has been reduced but not eliminated. 

ration has volunteered to be one of the participants and Since this variability cannot be eliminated and it cannot 

conduct testing at their own test site, in accordance with be completely monitored by instrumentation, it will be 

NHTSA test procedures. The three other participants are included in the overall variability that is determined. Part 

Calspan Corporation in Buffalo, New York; Dynamic 572 dummy variability, like vehicle variability, cannot be 

Science, Inc. in Phoenix, Arizona; and the Transportation eliminated and it will also be reflected in the results. 
Research Center in East Liberty, Ohio. General Motors Indeed, the data collected during this program could in- 

Corporation and Ford Motor Company provided tech- dicate another source of variation that is presently un- 

nical assistance in the design of this program. At each known. Therefore, it is concluded that this single phase 

test site, four test vehicles are to be crashed at 35 mph of the repeatability program will not answer all of the 

i~to a fixed barrier in a zero degree frontal impact, variability questions. If the results of this first phase in- 

The crash test data of particular interest are the HIC, dicate a clear direction for further study, a second phase 

chest acceleration, and femur loads. Two types of HIC will be designed. 

data will be generated, HIC-I and HIC-III. HIC-I data 
~e computed from resultant head accelerations that occur 
during the complete crash event. This is the method as TRENDS IN SAFETY PERFORMANCE 
defined in FMVSS 208 currently used by NHTSA. HIC- SINCE THE NCAP BEGAN 
III is computed from the resultant head accelerations 
which occuronly during head contact. This method was As noted in Table 2, the manufacturers have made 
developed by General Motors and is being evaluated by changes to their automobiles that are likely to improve 

NHTSA. their safety performance in 35 mph barrier crash tests. 
In order to effectively monitor the testingi the Agency Certainly absolute data have already been presented that 

contracted with MGA Research Corporation (MGA) to show these improvements for Honda and Volvo and the 

observe all testing and data acquisition to ensure adher- potential for similar improvements in the Reliant K. 
ence with the program guidelines. MGA is also respon- To study the trend in the vehicle fleet safety perform- 

sine for monitoring the test vehicle assembly and ance, it becomes necessary to examine all the NCAP crash 

dimensional analysis, test data on a model year (MY) basis. In Tables 12 

820 



SECTION 5: TECHNICAL SESSIONS 

Table 10. Levels for NCAP occupants for 1979 model year    Table 12. Levels for NCAP occupants for 1981 model year 
vehicles,                                            vehicles. 

Ford Escort 

Honda Civic 2 dr. ¯ 

Honda Civic 4 dr. 

AMC Spirit 

Toyota Cressida 

¯ Ddver 

& Passenger 

1980 MY data and the 1982 MY allowed the manufac- 
o Driver 

A Passenger turers to incorporate improved safety systems in many of 
their vehicles. The data from Tabte 13 indicate that only 

through 15, the vehicles are separated into the four MYs 17% of the HIC levels were in the assumed life threat- 
that have been tested, ening injury range. This is one-third the percentage for 

Since the head has been the predominant body part the 1979 and 80 MY vehicles. Additionally, for the low 
injured in the tests, the HIC range for the head of the end of the injury scale, six of the occupant responses for 
driver and passenger of each vehicle is given. These values the 1982 MY vehicles are in the HIC range below 520. 
are taken from the scale as shown in Figure 8. The first This compares to only three in this range for all previous 
two years of the NCAP data for model years 1979 and occupants. On the high end of the injury scale, two HIC 
1980 are considered as the baseline information. This 

values about 1860 are observed for the MY 82 vehicles. 
information was presented to the manufacturers essen- 

Seventeen values in this range were recorded in previous 
tially as one package by NHTSA. Therefore no trend 

MY vehicle tests. As shown in Figure 9, these data in- 
attributable to the NCAP is expected in these two model dicate that in a frontal accident with severity such as a 
years. By examining the HIC levels for MY 79 and 80, 35 mph crash into a barrier that for the 1982 MY vehicles, 
it is found that 41 percent of the values exceeded 1255. 

17% of the occupants would have suffered only minor 
Based on the assumptions which were used to develop 

injuries, 41% moderate injuries, 25% serious but not life 
the scale in Figure 8, these values could indicate life threatening injuries and that only 17% would have suf- 
threatening injuries, fered life threatening injuries. Comparable numbers for 

In the MY 1981 vehicles, it was shown that Honda 
the 79 and 80 data are 2% for minor, 29% for moderate, 

reacted rapidly to improve the safety performance of the 
28% serious and 41% life threatening or fatal. Again, 

Civic. It is not likely, however, that other major changes 
these injury levels are based on the assumptions used to 

to improve safety were incorporated in the limited number 
develop the scale in Figure 8. The improvements in vehicle 

of MY 81 vehicles that were tested. A slight trend in 
improvement, only 35% of the HIC levels indicated the 

safety systems that these numbers reflect potentially trans- 

potential for life threatening injuries, can be noted. Table 13. Levels for NCAP occupants for 1982 model year 
The time between the NHTSA release of the 1979 and vehicles. 

Table 11. Levels for NCAP occupants for 1980 model year 
vehicles, o,~go o,,,= 4 d,. ® ¯ 

¯ Driver ¯ Ddver 

~, Passenger t~ Passenger 
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TaNe 14, Preliminary list of 1983 passenger cars to be crash and save lives in car crashes by increasing safety belt use. 
tested at 35 mph, In the NHTSA press release on this campaign, it was 

1. Buick Riviera 2-dr. convertible 
again pointed out that of the estimated 28,000 fatalities 

2. Chevrolet Cavalier 2-dr. convertible per year in passenger cars as many as 14,000 could have 

3, Ford Mustang 2-dr. convertible been saved if safety belts had been used. Secretary of 

4. Ford Tempo 4-dr. sedan Transportation, Drew Lewis, also remarked at the open- 
5, Ford Thunderbird 2-dr. coupe ing of the campaign that "This horrendous and destruc- 
6. Dodge 600 4-dr. sedan rive problem has a simple solution. We must do more to 
7, AMCiRenault Alliance 4-dr. sedan 
8. Honda Prelude 2-dr. coupe develop safe drivers as well as safer cars .... It doesn’t 

9. ~suzu Impulse 2-dr. coupe cost a dollar to buckle your safety belt when you get into 
10, Mazda 626 4-dr. sedan your car tonight. Safety belts are there and paid for and 
11, Mitsubishi Cerdia 2-dr. hatchback ready to use," 
12. Mitsubishi Station 2-dr. coupe The timing and results of the NeAP have provided 
13. Mitsubishi Tredia 4-dr. sedan 
14. Nissan Pulsar 4-dr. hatchback ideal technical support for the safety belt campaign. By 

15, Toyota Camry 4-dr, sedan testing with restrained dummies, difference in safety belt 
16. Toyota Tercel 4-dr~ hatchback systems could be determined. The 1979 and 1980 NeAP 
17~ Vo~vo 760 GLE 4-dr. sedan results strongly indicated the shortcomings of belt systems 
18~ BMW 320 4-dr. sedan in severe vehicle crashes in some vehicles. As shown in 
19. Ford LTD 4-dr. sedan 
20. Chevrolet Caprice 4-dr. sedan previous sections, many manufacturers have responded 

21. Buick C, entury 4-dr. sedan by improvements to belt systems. Therefore, as Secretary" 
22. Mercury Capri 2-dr. fastback Lewis requested, manufacturers are doing more to develop 
23. Peugeot 505 4-dr. sedan safer cars. 

Philip Caldwell, Chairman of the Board of Ford Motor 
Company, (FMC) in his response to the National Seat 

late into higher levels of protection for automobile con- Belt Campaign stated that today FMC is developing a 

sumers who utilize their belts, range of advanced safety concepts for new vehicle models, 
It is imperative that if the consumer is asked, urged, 

and educated to use safety belts that not only should these 
THE NATIONAL SAFETY BELT CAMPAIGN belts provide comfort and convenience, but they should 
AND THE NeAP provide maximum protection. The NeAP or a vehicle 

ratings program helps to assure that this goal is reached, 
On Apri! 14, 1982, President Reagan announced a Na- 

tional Safety Belt Campaign designed to prevent injuries 

FUTURE ACTIVITIES 
~ ~982.MY 

U 
A~OM(O~ILES 

The NeAP is only a first phase in the development of 
1979 - ~0 .Y methods to evaluate relevant vehicle crashworthiness and 
AUTOMOBILES 

to supply this information to consumers. However, this 
first phase has proven very beneficial in assessing the 
performance of automobiles in frontal crashes and has 
provided information to the manufacturers about the 
safety systems of their vehicles relative to others in the 
fleet. The information from NeAP also provides NHTSA 
with an extensive data base of vehicle safety character- 

istics from which direction in research can be formulated. 
This is gained at a minimal cost to the government and 
taxpayers since it is primarily an add-on to a scheduled 
compliance test program. 

Given the proven value of NCAP, the higher speed 
0 frontal crash testing of automobiles will be continued by 

~3~- ~20~ ~00- ~z~- ~75- ~0 - NHTSA. All 1983 MY automobiles scheduled for crash 520 900      1255 1575 1860 

testing to evaluate compliance to Federal Motor Vehicle 

Figure 9. Comparison of injury severity--1979 and 80 mode Safety Standards 212, 219, and 301 will be tested at 35 

year automobiles to 1982 model year automobiles, mph. The list of these automobiles is given in Table 16. 
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Some supplemental testing may also be performed as re- CONCLUSIONS 
quired, 

It remains that advances need to be made in several After four years of higher speed crash tests in the 

technical areas in order to more completely evaluate re- NCAP, positive reactions from consumers and manufac- 

hicle crashworthiness in the accident/traffic mix. Re- turers are evident. The consumer remains very interested 

search projects that are continuing in NHTSA to assist in measures of potential crashworthiness of the auto- 

in making these advances include: mobile he may purchase. The manufacturer, in many 
instances, has demonstrated the capacity to react to the 

1. The development and application of test devices and 
crash test results either by incorporating improved safety 

procedures for assessing side impact crashworthi- 
systems into existing production vehicles (Honda and 

hess. The NHTSA program and schedule were pre- 
Volvo) or by upgrading levels of safety performance 

sented in Technical Session number 3 of this new vehicle designs. 
conference. In addition, the international reports in The major issues surrounding the program have re- 
session 3 give the extensive efforts and resources ceived continuing attention from NHTSA. A comparison 
that are being directed to the side impact safety 

of dummy injury criteria to accident data has been made, 
........... problems. Cooperative and coordinated projects 

with a possible scale of HIC values to AIS levels being 
........... need to be emphasized to assist in reaching an ac- 

suggested for further study. The use of pass/fail for pre- 
cepted solution for this accident mode. 

senfing crashworthiness data to consumers has been dis. 
2. The assessment and/or development of advanced 

continued and replaced with the presentation of the actual 
dummies. Although the P572 dummy has become test data. The potential for conversion to AIS levels from 
an accepted device in much of the safety community 

these data has been pursued. Several activities have fo- 
for frontal testing, research should not be curtailed 

cused on the repeatability/variability issue. Improved test 
.......... in improving the capacity for acquiring more and procedures and techniques are being used. Methods for 

better injury data. NHTSA is pursuing this im- evaluating and upgrading data gathering and processing 
provement in two ways; evaluation and testing of 

have been developed and are now being appliedo A crash 
existing advanced dummies and exploring the de- test program is underway that will provide data for an 
velopment of new generation dummies. Cooperative intensive assessment of variability. 
projects are underway to evaluate advanced dum- 

Based on the safety performance trends from the NCAP 
mies such as the General Motors Hybrid III and crash tests, significant improvements are noted from MY 
Association Peugeot Renault APROD. The Hybrid 

79 vehicles to MY 82 vehicles. These results indicate 41% 
III will be used in several full vehicle and component 

of the HIC values for the MY 79 and 80 vehicles exceeded 
test projects during the next year. 1255 and only 17% of the dummies exceeded this value 

Phase I of a project to explore the development 
for the MY 82 vehicles. These trends indicate the capaz 

of new generation dummies will begin in the near 
..... bility and feasibility of the manufacturers to significantly 

..... future. This phase will determine the specification 
reduce the response levels of the restrained dummies in 

and requirements for several dummy sizes. 
the high speed crash tests and potentially improve the 

Based on the results of this phase, NHTSA will 
protection for consumers (who use their belt systems) in 

assess the direction for prototype designs of ad- 
the real world accident environment. 

vanced dummies. 
3. The evaluation of a deformable moving barrier for 

use in frontal crash testing. Seven frontal crash tests REFERENCES 
have been completed of automobiles into a deform- 1. Brownlee, Michael; Hackney, James; and Abney, 
able moving barrier. The data from these tests are Tim, "Implications of the New Car Assessment Pro: 
being analyzed to establish the experimental capa- gram for Small Car Safety," Eighth International 
bility of the moving barrier for evaluating the mass Technical Conference on Experimental Safety Vehi- 
differential and stiffness effects in frontal collisions cles (1980), pp 403-4! 1. 
between two vehicles. Studies will be performed to 2. The Car Book, U.S. Department of Transpo~ation, 
relate the results of these tests to fixed barrier tests National Highway Tragic Safety Administration, De- 
and to real world events. Additional research will cember 1980. 
likely be required to evaluate this approach relative 3. Telephone conversations with Bob Knoll of Con- 
to improved test techniques and data analysis. sumers Union, August 1982. 

In addition to these specific items, most projects in 4. Final report for NHTSA Contract Number 
NHTSA Research and Development in biomechanics, DTNH22-80-C-02000, "Title II Consumer Survey," 

structures, and occupant packaging areas are used to con- Prepared by Robert Kernish, National Analysts, A 

tribute to improvements and advancements that support Division of Booz-Allen and Hamilton, Inc., July 
the activities of the New Car Assessment Program. 1981. 

823 



EXPERIMENTAL SAFETY VEHICLES 

5. Proceedings of the International Automotive Ratings 9. Langwieder, Klaus; Donner, Maximilian; and 

Symposium, Sponsored by NHTSA, December 1980. Schmelzing, Walter, "Comparison of Passenger In- 

6. Miller, Patrick "Review of Honda Civic Hatchback juries in Frontal Car Collisions with Dummy Load- 
Crash Test Data", Sponsored by NHTSA under Put- ings in Equivalent Simulations," Proceedings of the 

chase Order Number NHTSA-9-6434, November 23rd Stapp Car Crash Conference, Society of Auto- 

1981. motive Engineers; SAE 791009, pp 199-231, 1979. 
7. Final Report for NHTSA Contract Number DOT- 10. Eppinger, Rolf and Partyka, Susan, "Estimating Fa- 

llS-9-02178, "Upgrade Volvo Production Restraint tality Reductions Associated with Safety Improve- 

Systems," Prepared by Michael Foster, Minicars, ments," Eighth International Technical Conference 
Inc., May 1981. on Experimental Safety Vehicles (1980), pp 432-438. 

8. Final Report for NHTSA Contract Number 11. The Abbreviated Injury Scale (AIS); American As- 

DTNH22-81-C-07! 11, "Improved Performance of sociation for Medicine, 1980. 
Production Belt System Assembly for the Plymouth 12. Report Number DOT-HS-805-979, Prepared by 
Horizon and Plymouth Reliant," Prepared by Robert Rudy Arendt and Pat Miller, MGA Research As- 

Galganski, Calspan Corporation, July 1982. sociation, Inc., June 1981, 

Relevance and Feasibility of a Vehicle Passive Safety Rating 

B. GAUVIN, Chief Engineer One should thus be very cautious when considering the 

Director of the Vehicle Regulation Section commercial use that may be made of regulation perform- 

Safety and Road Traffic Department ance. If vehicles are characterized by means of a variable 

Ministry of Transportation parameter, there is unlikely to be any significant com- 

mercial impact resulting from this since there is no fun- 

This session invites us to reflect upon the rating of damental difference in the protection technology of most 

vehicles from the passive safety point of view, and before 
present day cars; and far too few users attach any im- 

going into any detailed technical considerations, it would 
portance to the technical aspects of their protection, as 

seem necessary to ask two basic questions: Is this rating 
can be seen by noting the seat belt usage rate when it is 

not mandatory. If, however, vehicles are characterized as 
theoretically justified? Is it practicably feasible today? 

has been done recently by the United States, i.e., by laying 
At present, we do not know how to answer the first 

down a rating threshold with an all-or-nothing criterion, 
question, and we must answer the second in the negative, then the debate is given a dramatic turn by distinguishing 

The first question is that of consistency between rating 
between good and bad vehicles without any gradation 

and regulation, since the means of action unanimously 
between the two; and there is total contradiction between 

adopted by goverpanaents in the field of safety is regulation, 
such a rating and regulation. 

The principle Of rating itself, where it is the buyer who 
In these conditions, and for the reasons just mentioned, 

decides, somewhat conflicts with that of regulation, where 
the relevance of a vehicle rating system existing in parallel 

it is the government that decides, 
with regulation seems to us to remain a problem. 

Regulation clearly lays down a performance threshold, 
The problem of the feasibility of such a rating also 

and vehicles put on sale must necessarily rank above this 
arises. 

threshold; but, until that time, attempts had not been 
Although accidentology has, over the last decade, made 

made to transform regulation performance into a sales 
remarkable progress, the problem of determining saris- 

argument; and this was so for two reasons: 
factory laboratory criteria for assessing the quality of 

--The first is that it is not necessarily possible to es- protection afforded by an automobile cannot at present 

tablish a clear relationship between regulation per- be considered as being perfectly solved. 

formance and a level of safety for the buyer. This is The utilization of injury criteria measured on a hu- 

the whole problem of rating feasibility, which we manoid dummy is considered, from the regulation point 

shall come back to. of view, as being a notable improvement on purely geo- 
--The second is related to the principle that fixes the metrical and mechanical criteria. But neither the dummies 

level of regulation. This level is laid down by the nor the criteria can be considered as being wholly perfect, 

government as a reasonable compromise between and, in both cases, there can only be average values, 

safety requirements and technico-economic con- irrelevant to the young, the old and, more generally speak- 
straints. Clearly, if commercial competition comes ing, to any person biomechanically far removed from the 

to be based on regulation performance, well-meaning average chosen. Furthermore, current tests are excessively 
people are going to wonder about the validity of the sensitive to initial setting-up conditions and offer a dis- 
threshold laid down by the regulations, persion of measurement results such that fine comparison 
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between two models of cars cannot be meaningfully made. estimates have been produced concerning windscreen re- 
This is why currently known methods would not seem tention, non-intrusion into the windscreen and also fuel 

to be usable in order to draw up a general classification leaks during front-end and rear-end crashes. These, how- 

of cars considered from the point of view of the quality ever, only constitute an auxiliary program. The impor- 

of protection they afford in the event of a crash, tance given by the NHSTA to the results of injury criteria 
The only case in which current methods give a useful measurements carried out during the NCAP clearly 

rating is where a vehicle is fitted with an original pro- shows that this Administration considers this to be a 
tection system designed to noticeably increase the efficacy primordial point. 
of traditional systems used on other cars. For instance, The remarks hereafter will therefore be essentially di- 

......... taking the European situation, where the three-point in- rected towards this type of test. 
ertia reel seat belt is mandatory for front seats, real benefit 

is to be gained by objectively quantifying the supplemen- The Dummy 
tary protection afforded by pyrotechnic preloader devices, 
auxiliary air bags, anti-laceration windscreens, etc. Considering that all dummies are identical and have 

As a conclusion to this first part, we consider a vehicle the same dynamic response and that all data processing 

safety rating system to be an interesting idea that is worth and collecting devices comply with the same specifica- 

........... an in-depth study, but in our present state of knowledge, tions, which was not verified in the range of frequencies 

it is premature to rate anything but technologically new met with in 35 km/h crashes, the validity of the general 

protection systems, behavior of the complete dummy after each test must be 

We shall now illustrate the abovementioned difficulties verified; and any situation outside tolerance levels must 

of basic principles by analyzing the aspects of the rating imperatively cause the validity of the test to be rejected. 

............. system in force in the United States, which seems to us This is all the more important in that whereas interpre- 

.............. to be the most unreliable, tations may be acceptable during isolated certification 
tests, this is not the case when a comparison is made 
between two vehicles. It is not mentioned whether such 

PRELIMINARY REMARKS ON A PASSIVE a procedure was adopted during the 35 mph program. 

SAFETY RATING SYSTEM 
Injury Criteria 

The comments hereafter apply essentially to the rele- 
vance of the rating method proposed in the draft of Part a) Head injury criteria (HIC) 
583 "CRASHWORTHINESS RATING" (Docket No. The PASS/FAIL distinction indicated by the NHTSA 
79-17, Notice 1, F.R. of 22 January 1981, page 7025) and after the NCAP is based mainly on the results obtained 
to the consequences that would result from its imple- for this criterion. 

.......... mentation. The 1000 value adopted in the United States has been 
In its draft of Part 583, the NHTSA proposes a test debated in other venues, in particular at the ECE Geneva 

method for the assessment of vehicle passive safety per- WP 29--Structure Behaviour Commission. France had 
formance. Unfortunately, it answers either badly or not proposed a maximum of 1500, determined only during 
at all those questions that are prerequisite to the running the head’s phase of contact with a part of the passenger 
of such a program, compartment, with the data collection and information 

In our view, these questions are the following: processing methods being perfectly codified. This value 
Are the technical data taken into consideration the best was opposed to the 1000 value adopted in other countries, 

that can be presently chosen? Do the criteria adopted with measurement and information processing devices 
form a coherent whole that correlates as far as possible often being different. 
with reality? Supposing that HIC correlate with a head lesion se- 

It might be worth listing other points which involve, verity, the maximum value of 1000 is, as admitted by the 
in particular, the potential interest of consumers for such NHTSA, a "conservative estimate." It will incidentally 
a program, and also the legal aspects of the proposal as be noted that on several occasions, in what is to follow, 
it is known at the present time, the NHTSA makes use of the "he who can do more, can 

do less" principle. Unfortunately, this is a luxury that 
automobile designers can afford less and less in the present 

ANALYSIS OF THE BASES OF THE PRO- period of expensive energy. The severe efforts made by 
POSED PROGRAM the manufacturers should be accompanied by a similar 

effort on the part of the regulators. With Part 583, the 
The action envisaged in the draft of Part 583 applies NHTSA claims to be preparing for the automobile of the 

essentially to the measurement of humanoid dummy in- 1985-1995 decade. Having neglected the fine tuning of 
jury criteria during front-end crash tests at 35 mph. Other passive safety assessment criteria and also the taking into 
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account of criteria other than those initially adopted, it marining, the consequences of which are as harmful as 

is undertaking an ambitious program with a technology those resulting from high HIC. This is what led the WP 

left unupdated since its acquisition in the sixties. 29 to introduce the verification of abdominal protection 

criteria into the overall regulation draft in the case of seat 

belt restraint and when anchorage points are arranged in 
b) The thorax criterion: ?, max >_ 60 g the zones provided for in ECE regulation No. 14. 

during less than 3 ms accumulated It can only be regretted that the NHTSA, while having 
Thorax lesions still constitute an important point that noted the existence of such phenomena during the NCAP, 

must be taken into account in vehicle passive safety per- has not found it fit. 

fo~ance assessment. In addition, numerous accidentol- 
--either, to make an in-depth analysis of these cases; 

ogy surveys have shown that seat belt usage can cause 

substantial lesions in high-intensity crashes. It is therefore 
---or, and what is worse, to mention them in the pub- 

essential that an effective criterion be made available. }7or 
lished results, 

want of anything better, the proposed criterion may be This becomes all the more serious in the present case 

adopted without neglecting to associate it with the re- in that one might be tempted to increase this risk, for 
straint system used and the other criteria retained, occupants, so as to reduce the stroke of the dummy’s 

head during a crash. 

c) The femur criterion (F <_ 1000 daN 
(2250 Ib)) e) Remarks 

There is very little to be said in relation to this criterion. As regards the head criterion, the ISO has adopted, in 

It is not outmoded in any of the NCAP program crash the DTR 7861 document, the 15130 value for HIC. This 

cases. Besides, lesion severity to this part of the body is value comes out of studies conducted by research teams 

clearly ~otentially less impol~ant than to the thorax and in the 11 countries taking part in working out the standard 

head discussed above, and corresponds to an AIS/03, with information having 

been collected on equipment adhering to the ISO 6487 

d) Other criteria 
standard. 

The importance of device characteristics has in fact 

Although the NHTSA analysis covers only the ele- been demonstrated by a NHTSA study carried out in 

ments (a), (b) and (c) mentioned above, the following 1980 in the United States, relating to 20 different instal- 

question must be asked: Are the head injury, thorax ac- lations. Some of them did not adhere either to ISO 6487 

celerafion and femur load criteria adequate to describe or to SAE J21 t, and significant variations were noted in 

the protection of a 50th percentile male occupant in a the determination of HIC when the same test was repeated 

straight front-end crash at 35 mph? on the 20 installations. 

A quick look into what was published after the first These observations simply draw one’s attention to the 

phase of the NCAP unfortunately implies a negative an- overall interpretation of the test, before being able to make 

swer: the results initially stated mention the following comparisons using the values taken and published for the 

comments which were not taken up in later presentations, consumers’ use. 

Consumer The Vehicle 
Vehicle NHTSA Report 

Comment Comment Can it be stated that a vehicle passing the 35 mph test 
P~ymouth Horizon Driver and pas- Data imply that is, in real accidentology, statistically safer than a vehicle 

senger: PASS passenger only passing the regulatory 30 mph test? 
submarined Without wanting to cast a judgment on this paragraph 

Dodge Magnum Driver and pas- Passenger on the front-end crash procedure, it must however be 
senger: PASS submarined 

remarked that the energy to be dissipated increases by 36 
P~ymouth Volare Driver and pas- percent in the case of the 35 mph test, compared to that 

Driver: PASS senger 
submarined dissipated in the 30 mph crash. 

If a vehicle has been designed for a 30 mph 90° barrier 

Submarining involving the loading of the soft parts of test, there are good reasons for thinking that the manu- 

the abdomen on the one hand and of the spine on the facturer has planned for the structure to work at a max- 

other by the ventral strap of the belt may be the cause imum at this speed in order to reduce decelerations in 

of severe lesions, the passenger compartment--a prerequisite for good pro- 

One of the ways of diminishing the contact loads of tection. 

the head against the passenger compartment walls or When the front of the vehicle is crushed, it is well 

thorax loads is to have anchorage points that cause sub- known that loads go through successive maxima showing 
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a cascade breakage of parts. In the case of the 35 mph had a 77 percent usage rate, i.e., a multiplication factor 

test, there may be, owing to the high energy level, planned of 2.3 percent exists between the usage rates of the two 

breakage of the protection barrier at 30 mph and straining types of belt. 

on the more rigid parts, themselves deformed. The higher Without giving excessive importance to the absolute 

impulse given to the dummy may cause it to strike the values for usage rates mentioned above, we should note 

interior of the passenger compartment at a higher speed, a coefficient of 3 between usage rates with and without 

thus producing higher HIC. automatic belts. It can thus be estimated, in conclusion, 

For a vehicle of a given mass and designed for a reg- that the usage rate would rise from 14 percent at present 

ulatory 30 mph 90° crash test, the increase of the test to 40 percent after automatic belts are introduced (in the 

speed to 35 mph may give results that are entirely un- whole fleet). 

foreseeable. We shall not take into account for the moment those 
vehicles equipped with air bags, for which little statistical 

EFFICACY OF PART 583                          information is available. 

Discussion of the Type of Test Adopted by Occupants Actually Affected by the Draft of 
the NHTSA during the NCAP Part 583 

First of all, the NHTSA has quite logically chosen the In addition, it must be recalled that measurements 
front-end crash, which accounts for nearly 50 percent of taken in accordance with requirements of FMVSS 208 

all occupants killed in the United States. Unfortunately, were done so in extremely precise conditions. For ex- 

the second selection (within the numerous configurations ample: 

of front-to-front collisions), i.e., the choice of the 90* front- 
end test against a fiat rigid barrier, seems to have been 

50th percentile male dummy 

dictated by a much less rigorous and logical approach 
seat adjustment in the middle of rails, m an accu- 
rately defined position (knees, back support, quality 

than the first one. 
of seat belt usage, etc.). 

The NHTSA has seemingly directed itself towards a 

test where the results would highlight the noticeable dif- But, at the same time, the MGA report states: 

ferences between vehicles, rather than towards a test hav- because large differences in occupant injury criteria 

ing greater correspondence with the reality of road values may result from rather small differences in 

accidents, occupant kinematics, it is difficult to attribute dif- 
This seeking a difference at all costs has resulted in the ferences observed in the test results to fundamental 

choice of the 90° crash against a fixed rigid barrier, even differences in vehicle characteristics. 
if it is recognized that this type of test is unrealistic. 

Besides, the NHTSA has carded out tests against a 30* Real Efficacy of FMVSS 208 Requirements 
angled wall, much more representative of reality and 
adopted in the ECE Geneva draft, and has noted that the Finally, in the case of an occupant involved in a pure 

difference between current vehicles was much less since 90* front-end crash against a fixed obstacle, and wearing 

for the whole group of vehicles the criteria were satisfied a seat belt, with the 50th percentile male in exactly the 

at a speed of 35 mph. conditions described by the Standard, an estimate must 
be made of the real increase in safety afforded by a vehicle 

classified as PASS according to Part 583. If the probability 
Seat Belt Usage of real efficacy can be put at 0.10~ it should be pointed 

Results during the NCAP were obtained on belted out that this value can only be retained provided that 

dummies. The potential efficacy of a modification of ve- classification in Part 583 does not induce manufacturers 

hicles in accordance with the requirements of Part 583 to make the front part of vehicles more rigid, and therefore 

could therefore only affect belted occupants. At present, more aggressive for other cars. 

according to the NHTSA, this percentage is 14 percent 
in the United States. INFLUENCE OF PART 583 ON VEHICLE 

Unfortunately, no quantitive estimate has been supplied COST 
concerning the real increase in the use of restraint systems 
as a result of their automation. The study of some doe- 

In this paragraph, it is advisable to separate two types 
uments allows us to obtain merely the following trends. of cost which wilt affect the cost price of the vehicle. 

Although the belt usage rate is in the order of 14 percent They are: 
for all vehicles, it has been observed that 34 percent is 
the figure for the VW Rabbit equipped with manual belts, a) the cost of fitting out vehicles for classification as 

By contrast, VW Rabbits equipped with automatic belts PASS in Part 583, 
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b) the cost of final adjustment of vehicles (preliminary COST ESTIMATES OF VEHICLE FINAL 
prototype tests, tests for supplying information to ADJUSTMENT 
the NHTSA). 

We feel sure that seeking a Part 583 PASS classification 
Inadequacy of Structure in addition to compliance with FMVSS 208 will lead to 

at least a doubling of tests, both at the study stage and 
qZne NHTSA utilizes three parameters to account for the development and certification stages. Those who have 

structural defects of vehicles not fulfilling the FMVSS undertaken vehicle final adjustment work with a view to 
208 requirements at 35 mph, i.e, coming up to dummy injury criteria, during as complex 

--impact duration a phenomenon as a front-end crash, have discovered that 

--maximum deceleration obtaining the result at a given speed necessitates a great 

¯ --available crush distance (but not in fact achieved number of tests and in no way guarantees success at 

during the crash) in the front compartment of the another albeit lower speed. 

vehicle. Furthermore, in order to allow for par. 583.7 as pro- 
posed, the manufacturer would be induced to make ad- 

From an analysis of the roles of these three factors, it ditional tests at speeds greater than 35 mph, which would 
appears that occupant stopping distance (and conse- increase his costs. 
quently vehicle crushing, impact duration, etc.) can in no Let us remember, finally, that compliance with injury 
way be the only cause of differences observed between criteria for a determined crash speed is a phenomenon 
vehicles from the protection criteria viewpoint, extremely "sensitive" to details which differentiate the 

No action is therefore to be taken in this field in order variants of the same model: 2 or 4 doors, type of engine, 
to make vehicles comply with Part 583. There is thus no options and diverse equipment. Even a difference in the 
need to discuss the costs as the NHTSA did. May we nature of the seat upholstery material has a not incon- 
incidentally remark that reference to structural defects siderable influence on dummy behavior, resulting in sig- 
has totally disappeared from the NPRM, which now only nificant variations in protection criteria values. 
mentions the role of steering columns and restraint sys- 
tems. 

CONCLUSION 
Steering Columns 

Work undertaken on this point shows that the steering 
Section 201 of the 1972 Motor Vehicle Information and 

cotumn is an important component in the retention of 
Cost Savings Act commissioned the NHTSA to establish 
a "Crashworthiness rating system." 

the driver upon impact. By its energy dissipation char- 
In a self-certification system, verification of occupant 

acteristics (for the thorax and the head) and its movement 
relative to the passenger compartment during vehicle 

protection performance actually obtained, by using ve- 
hicles really being produced, was certainly a desirable 

front part deformation, the steering column produces 
varying degrees of performance for the contact of the 

step, and all the more so in that there was wide variation 
in vehicle performance and that the only criteria referred driver’s head and thorax. These contacts occur quite sys- 
to structural performance. 

tematically, as is indeed mentioned by the NHTSA, which 
The diversity of vehicles on the road at that time was 

puts steering column modification cost at about $15. Un- 
fortunately, no justification was supplied concerning the 

likely to give rise to problems of compatibility, for some 

manufacturers went no further than the regulatory re- 
methods used to estimate this sum. It would have been 
desirable for the NHTSA to carry out, on some of the 

quirements. 
The 208 Standard is a regulatory objective that permits 

vehicles considered poor from this point of view, attempts 
at modification which could have been examined to supply 

considerable improvement in vehicle occupant protection, 

a solid basis for estimation. Bringing the steering column 
even if the adopted criteria and their values give rise to 

into question is up to the manufacturer. This can indeed 
some opposition. In view of this, it would seem incon- 

range from a simple part-for-part change to complete 
ceivable, to say the least, that the Administration should 

architectural modification with sheet-metal parts being 
implement a program of comparison going well beyond 

the regulatory objective and that it should use the results affected and consequent high investments. 
for consumer information in which it concludes that the 

Restraint Systems                                initial regulatory objectives are inadequate. 
The logical solution would have been to increase the 

In our view, the dispersion of NCAP results cannot be 208 Standard regulatory test speed to 35 mph and to 
accounted for by seat belt performance variations, and carry out the program on vehicles rated by manufacturers 
none of the other solutions relating to restraint systems, as fulfilling the requirements at this speed. 
as proposed by the NHTSA, is at present applicable. The shortcomings of the draft of Part 583 seem to us 
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to show that the cost-benefit ratio of this project is no- c) In addition, the draft regulation for "uniform re- 
toriously inadequate. The following quotation from "Car quirements relating to certification of occupant protection 

Book" is even truer than it appears: "There is no guar- in private cars in the event of front-end collision" pro- 

antee that a car that passed the test will adequately protect posed at the ECE GENEVA (TRANS/SC1/WP 29/ 

you in an accident." CRCS/R 23) specifies in its appendix 4, "BIOME- 

However, should a government contemplate drawing CHANICAL PERFORMANCE CRITERIA": 
up rules for the administrative evaluation of safety quality 
afforded by different models of cars, we should suggest 
that the following advice be taken into consideration: "1. ¯ HEAD 

........... Insist on the fact that accident factors related to 
driver and environment behaviour largely predomi- 1.1 The criterion shall be considered as satisfied when, 

nate over those resulting from vehicle design, and during the test, there is no contact of the head with 

even over those resulting from upkeep, any element of the vehicle. 

--Take all necessary precautions so that rating rules, 1.2 In other cases, the resultant acceleration expressed 

necessarily simplified to give easily repeatable results, in g and measured at the centre of gravity of the 

..... nevertheless remain in strict correlation with obser- head, must be such that the expression: 

vations made during real accident studies; in order 
to do so, it is indispensable to conduct an in-depth 
study of the latter. (t2 -- t~) ~ dt 

--Use the same assessment criteria as those forming a 
basis for regulation, while also adding other criteria. 
Care should be taken so that administrative rating 

does not exceed 1500 for any instants tI and t2 chosen 
does not produce fragmentary information about ve- 
hicles which might mislead the public, 

during the duration of contact of the head with an element 

---Give each criterion a quantified evaluation of vehicle 
of the vehicle." 

performance, rather than a simple PASS/FAIL as 
decided by an arbitrarily fixed threshold. 

APPENDIX 2 

APPENDIX 1 

THORAX CRITERION 

........... VALIDITY OF HIC 
There is little justification, at present, for the validity 

a) FMVSS 208 states in paragraph S 6.2: of the 60 g/3 ms criterion. It may however be noted that 

"The resultant of acceleration at the center of gravity of 
applying such a limit to all of the following: 

the head must be such that the expression: 1) to a passenger restrained only by his belt; 
2) to a driver restrained by his belt and by contact, at 2.5 

(t~___S_~ ~,’2) 
stroke end, with the steering wheel; 1 

adt (t2 -- h) does not exceed 1000, where (a) is 
3) to occupants restrained by air bags; 

the resultant acceleration expressed as a multiple of g causes us to query the representativeness of the said cri- 
(gravity acceleration), tl and t2 are two points of the value teflon, the loading modes and contact surfaces being ex- 

during impact." tremely different in these various cases. 
It would appear that thorax deflection measurement 

b) FMVSS 208 requires HIC to be computed only 
might be more appropriate, but existing dummies do not 

during head impact duration, the formula remaining the 
permit this kind of investigation. 

same and the 1000 value being the maximum permitted. 
Load or pressure measurement, together with deflec- 

1. (a) being always a multiple of g, tion measurement, seems then to be the criterion that 
t~ and t2 being: correlates the best with biomechanics and the most cora- 

l. 1 any 2 points in time during impact, or mon serious injury types, resulting in particular, as is the 
1.2 any 2 points in time of any interval when the head case in Europe, from restraint by means of safety belts. 

is in permanent contact with a part of the vehicle However, there being no possibility of carrying out 
other than the seat belt system when the humanoid appropriate measurements, the proposed criterion would 
dummy is restrained by a seat belt system, appear to be a first step and can roughly represent risks 
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to occupants in front-end accidents, when connected with themselves even in single vehicle collisions and in colli- 
HIC and abdominal criteria, sions between small cars."-- 

does not seem to be borne out by the results of the tests. 

APPENDIX 3 

APPENDIX 4 

CORRELATION OF TEST PROCEDURE WITH REALITY 

(1) In the study report under contract with the NHTSA, EXTENSION OF 90° FIXED BARRIER COLLISION 

FRIEDMAN states: RESULTS TO OTHER TYPES OF CRASH 

"Since it is clear from the FARS data results that 
In a distributed front-end crash, is it possible to com- 

notable differences in fatality rates exist across make 
model groups, while the analysis which controls for crash 

pare effectively a crash against a fixed rigid obstacle to 
a collision against other partners? In particular, can we 

severity (zX V) s,hows little or no differences, it is necessary 
to seek an explanation of these apparently conflicting 

assume that head-on front-end crashes between two re- 

results." 
hicles are correctly represented by the FMVSS 208 90° 
front-end crash? 

Thus, at a given &V, statistical analysis does not show 
The whole information at our disposal shows that such 

any significant differences between vehicles. Now, the 
procedure followed by the NHTSA, during the NCAP, 

a generalization of car-barrier results to include car-car 
collisions is very frequently false. This has been demon- 

involves a crash against a fixed rigid obstacle, at a given 
strated in many documents published since 1972. 

impact speed (35 mph). Because of this, the vehicle’s AV 
~i; fixed. If, as is mentioned by the NHTSA, "The tests 

By likening a 90° fixed rigid barrier crash to a car-car 
crash, the NHTSA is overlooking architectural and, es- 

indicated a wide range of performance among automo- 
pecially, stiffness incompatibilities. Noting the following 

biles", and this is in contradiction with reality, it cannot 

be concluded that there is total irrelevance of the said 
points should be enough to be convinced about this: 
"A comparison of the FIAT STRADA (passed) and the 

tests. 
HONDA CIVIC (failed) ill~astrates the differences in the Clearly, moreover, the differences between vehicles 
two structures. The Strada’s (impact) duration was 150 

mentioned above by FRIEDMAN are basically caused 
milliseconds while the Civic’s (impact) deviation was only 

by the differences in mass of the vehicles considered. 
95 milliseconds. The Strada maximum deceleration was 

Nobody, unfortunately, is in a position to alter the laws 
26 g’s and the Civic deceleration was 42 g’s." 

of mechanics that account for this phenomenon of in- 
compatibility. 

Structural stiffnesses are clearly greater for the Civic 

(2) Let us take note of CARLSON’s statement concern- 
than for the Strada. A front-end crash at 70 mph between 

ing statistical analysis: 
these two vehicles might result in greater structural de- 

"’The pilot anatysis using MDAI data indicated that 
formation of the Strada, producing dummy results that 
are the exact reverse of those observed during barrier 

many of the differences between vehicle sub-groups within 
tests. 

size class were not statistically significant." 
(3) It is also interesting to examine the overall results, 

Confronted by this information, it may be concluded 
as follows: The front-end crash against a 90° fixed rigid 

by class of vehicle size, of the NCAP: 
barrier can only represent real collisions of the same type 
against a rigid obstacle. In particular, this test can in no 

CATEGORY    % of bad vehicles/vehicles tested way be representative of car-car collisions, even if the cars 

SUB COMPACT 84% 
are to be found in the same class of mass. 

COMPACT 50% 

INTERMEDIATE 78% 

LARGE 57% APPENDIX 5 

It will be noted that the percentages resulting from the 
tests are totally erratic and in no way show a tendency ANALYSIS OF "STRUCTURAL INSUFFICIENCIES" 

towards less safety depending on the class of vehicles in PARAMETERS 

crashes against fixed obstacles. Mr. CLAYBROOK’s dec- 
The NHTSA uses three parameters: 

laration-- 
"But our tests also show that small cars are less safe impact duration 
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--maximum deceleration (2) Maximum Deceleration Recorded During 
--available crush distance A Crash 

These three parameters are not entirely independent. 
When &V is fixed (35 mph to 39 mph in the NCAP 

In this case, the parameter used by the NHTSA cannot 

cases), it is enough to give any one of the three parameters 
be correlated with dummy readings, because of the fol- 

listed below for all the crash circumstances to be deter- 
lowing points: 

mined: --The vehicle restraint system-occupant group is far 

impact duration 
too often involved for a peak deceleration not to be 
filtered by the chain described. In other words, a 

--average deceleration 
maximum deceleration on a vehicle, which might be 

--dynamic crushing 
the result of a brief impulse (the NHTSA does not 

In all events, let us study the factors brought up by in any case state how it measures the said maximum 
the NHTSA. deceleration), will not be noticed in the results re- 

corded for the occupant. 

(1) Impact Duration                                 --What has just been mentioned is even truer when it 
is realised that such a peak deceleration can be re- 
corded early on in the progress of the crash, at a 

First of all, clearly at a given AV, the longer the crash, moment when the occupant is still in "free flight" 
the less the severity for the occupant. With this theoretical as compared with his vehicle (of. for example the 
point established once and for all, the second question to 

Chevrolet Citation, the VW Rabbit or the Ford 
be answered is the following: 

Fiesta). 
Does this factor vary sufficiently, in all crashes carried 

out by the NCAP, to really influence the results of the 
crash? (3) Available Crush Distance 

We estimate that, according to the experiments in our 
possession, the differences recorded by the NHTSA (in This parameter does not seem to be a good working 
the order of 10 percent on average and of 35 percent tool for the prediction of a vehicle’s potential in FMVSS 
between the Civic and the Strada) in no way make it 208 matters. In fact, although a good number of vehicles 
possible to justify the variations observed in injury criteria, considered as PASS are to be found above the average of 

The NHTSA itself observes this, since it states: "It 25.2 in., others, such as the Strada, are to be found below 
should be noted that impact duration (and maximum it. By contrast, vehicles such as the Fiesta, the Datsun 

deceleration) do not completely describe the safety per- 310, the Audi 4000 and the Datsun 200 SR, considered 
formance of a vehicle. For example the values for the as FAIL are to be found above this average. This ctas- 
TOYOTA TERCEL and PLYMOUTH CHAMP indi- sification criterion is, in our view, totally artificial (the 

care a very favorable environment for the occupants but NHTSA, in addition, does not precisely indicate how it 
the dummy readings indicate a rather "severe crash", evaluates it) since it is not related in fact to dynamic 

The NHTSA presents these exceptions as proving the crushing (only important value) actually measured during 
rule. We think that, on the contrary, they disprove it. the crash. 
Considering our examination of the NCAP results, our In all events, if Standard 208 is used to determine a 
proposal is more inclined to be the following, vehicle’s capacity to protect its occupants by means of 

Although the increase of impact duration may be a protection criteria, it is unnecessary to add structural 
favorable circumstance for the protection of vehicle oc- performance considerations which have no correlation 

cupants, values obtained during the NCAP entitle us to with these criteria. 
think that increases realistically contemplated for a ve- This is a very dangerous approach which might freeze 
hicle are not a decisive means of fulfilling the FMVSS vehicle construction by conserving structures giving the 
requirements at 35 mph. best mechanical results during crashes against 90° fixed 

barriers, whereas it would be desirable to develop them 
to obtain better compatibility for vehicles compared to 
one another and from which the only progress for oc- 
cupants will result. 

831 



EXPERIMENTAL SAFETY VEHICLES 

Technical Session No. 6 
Accident Avoidance and Driver/Vehicle 

Interaction 
Mr. Franco Roberto iqossi, Chairman, Italy 

Recent Trends in Handling, Stability and Braking Performance of 
Japanese Passenger Cars 

AKIRA AOKI This report determines various response parameters, 

TOMO-O NISHIMI their distributions and their recent trends through running 

Japan Automobile Research ~nstitute, Inc. tests to clarify the handling, stability and braking per- 
formance of Japanes~ passenger cars sold on market in 
the last 10 years. 

TEST METHODS 
This paper reviews the recent trends in handling, sta- 

bility and bra~cdng performance of Japanese passenger cars 
sold on market in the last ten years based on the running 

About 90 models of Japanese passenger cars marketed 

tests conducted on about ninety models, 
during the past 10 years starting in 1972 were used as 

test vehicles. The seres of tests on each car was conducted 
Steady state cornering, pulse and step steering, fre- within one to two months from the first day of its mar- 

quency response, braking effectiveness, etc; were tested. 
It is shown that models with slighter understeer, and 

keting. 
The tests conducted on cars related to the handling, 

smaller steering effort have been increasing in number 
du~Sng the last ten years. Their roll angle and brake pedal 

stability and braking performance of open-loop system, 
and the basic testing conditions included that the vehicle 

force are also getting smaller. 
runs on a fiat and dry road at a constant speed. 

Test items included the steady state cornering test, 
~NTRODUCTION pulse steering input test, step steering input test, frequency 

response test, brake effectiveness test, etc., and these test 
The evaluation of handling, stability and braking per- items are listed in Tables 1 and 2. 

formance in development of vehicles consists of that of Measuring parameters of the handling and stability 
marketability and that of safety. The former relates to tests were steering wheel angle (8,,), steering wheel torque 
the "user’s choice" on the handling, stability and braking (r), yawing angular velocity (r), roll angle (d?), lateral 
performance, and the latter relates to the accident avoid- acceleration (~), and vehicle velocity (V). Note that the 
ance capability. In evaluating these aspects of vehicles, it 
often becomes necessary to grasp relations between the Table 1. Main items of road test concerning handling and 
ve~cle s~ifications (design parameters)and drivers’ stability. 

subjective evaluations and control performance. The 
Items Main purpose Test procedures 

-~arameters 

driver-vehicle system, however, constitutes a complicated 
closed system, and it is difficult to combine them directly. 1. stoo~ ~tate ~ ....... /o~er.te~ sto,~ ~tote 

cornering test Steering effort R=30 m ~, Y, V 

Thus, it is usual to examine vehicle responses (response w~io~, rol~ 1 ./s~ < ~ 

parameters) of open-loop system to associate them with ~. ~e~ st~e~,g ~o~t o~1~,~o~ 
response test f=0.33 Hz ~, V 

design parameters with the use of mathematical models, ~=~0.100 

etc, (I) 
3. Pul ....... ing T .... i ...... po ..... I ....... ing 6SWL 

Examinations of correlations between the response pa- ~nput t~*t ~,t~o,, 0,~ ~ 0.*~ ~, ~, v 

rameters and drivers’ various subjective evaluations and ~ ~e~ ~ ~ 

control performance w~ lead, indirectly though, to grasp- ,. 
s~o~,~t ..... ~o,t~"g ..... ~o~,te,~/o~,t~o~i ...... 

poo~, 
w,0.~’~ .... ~0,~ ote~i,g~0, .... 

ing the relations between the evaluation of handling, sta- ~=0 

bility and braking performance and design parameters. ~. ~.~o. r .... ~ ...... po.~. ~,~o ...... io~ ~: .... 
On the other hand, objectives of designs of individual ~feer~.g v-100 ~,/~ 

vehicles must be reflected in response parameters used 
for evaluation, and it is of interest to investigate the values. ~.t ~.t .... b~ty .,~.~ i..~..~y 

distributions, and recent trends of response parameters ~=,0, ~o 

of etu~ently mass-produced vehicles. 
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Table 2. Main items of road test concerning braking per- ~ 

formance. 3 ~ 
Ztems ’I ~i,~ pur~se       ~st proce,~u~.s .e,,~.ri.g RADIUS OF TURN STABILITY ~,.~t.,, : 30 m FACTOR 

i* Effectiveness ~ Brake effectiveness V~=50 i00 km/b ~, FB, V 

~rmal o~ra~ional LATERAL 

2. ~ade and Effectiveness in Fade: vo=zoo k,~ ~, ~, v ~ 2 
5, 

~covery = Vo=50 ka~ ~ ~.6 
12 times                                                            3.7 

~. s~. ~ s~o~,~ ~ .... Vo=~O. ~oo ~ ~, x, ,~ 0 I00 200 300 
~.~ i. zo~,~.~ o~ .,~.z. v. % 

VELOCI TY SQUARED (m2/s2) 

Figure 1. US/OS characteristics of vehicle A obtained from 
steady state cornering test. 

lateral acceleration here does not include that which 
comes from rolling of vehicle body near the center of sented in linear lines for different stability factors (K) 

gravity, which represent the US. 

These parameters were measured using the measuring The stability factor is defined by the expressions given 

equipment of steering wheel angle and torque of sub- below through linear analysis, and the vehicle is US, 

steering wheel type, rate gyroscope, free gyroscope, ac- or NS (neutral steer) depending on whether K is positive, 

celerometer (on stable platform) and fifth wheel, negative, or zero, respectively. 

The measuring parameters of the brake performance 
~sw ~sw r.; V 

test were the brake pedal force (F~), deceleration (~), 
6swo = (r ~ ~I/V) -- 1 + kW or (Bsw/ = l + kV~ stopping distance (X), vehicle forward velocity (V), and 

brake temperature of each wheel (0.3. where/$sw0 is the steering wheel angle in turning at very 
These parameters were measured using the pedal force low speed, f is the wheelbase, ~ is the overall steering 

gage, accelerometer, fifth wheel, and thermocouples. The ratio, and V is the vehicle forward velocity. 
vehicle weight was adjusted in testing to the gross vehicle In the example of Figure 1, the.. change in US becomes 
weight of each car. The high speed circuit and the steering greater at lateral accelerations (Y) exceeding 3 m/s2. It 
& handling test ground of JARI (Japan Automobile Re- should be noted, however, that the profile of change in 
search Institute, Inc.) were used as testing courses. US (or the value of K) with respect to the lateral accel- 

eration changes considerably from model to model. 
Figure 2 shows a result of US/OS values obtained by 

TEST RESULTS AND SOME DISCUSSION the step steering input test extending to high velocity 
regions. 

Steering Responses. Lateral motion of vehicle is con- The step steering angle input used in the test was ad- 
trolled through the steering wheel angle and the steering justed to achieve steady lateral acceleration of 2 to 3 
wheel torque. The responses in the yawing angular ve- m/s2 in order to see the US/OS in the range where lin- 
locity to the steering wheel angle are called the yaw re- earity in lateral motion is maintained. Theoretical values 
sponses, and the yaw responses consists of the steady state for different values of K are also presented in solid lines 
response and transient response, in Figure 2. The figure indicates that the vehicle has a 

The steady state yaw response corresponds to the so- US characteristic of about K = 2 × 10-3 s2/m2 and 
called understeer/oversteer (US/OS) characteristics. That is consistent with the steady steering characteristic for 
is, the steady state yaw response is represented by the < 3 m/s2 of Figure 1. 
ratio of turning radii (in steady state turning at fixed The value of K obtained from the steady turning test 
steering wheel angle) or the ratio of steering wheel angles is not necessarily consistent with that obtained from the 
(in steady state turning at fixed radius) between very low step steering input test for different velocities and radii 
speed driving assuming that the vehicle conforms to the of turning even in the range of ~ < 3 m/s~ due to 
Aeherman geometry and driving at a certain speed. An nonlinearity in the steering system, etc. 
example of the result of US/OS test for steady state turn- Figure 3 shows relations between the stability factor 
ing at low to intermediate velocities is shown in and thelateral acceleration for vehicles with different US/ 
Figure 1. In this figure, theoretical values are also pre- OS characteristics. The figure indicates that the range of 
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20 ’79-’82 n=34 v 
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gNure 2. US/OS characteristics ol vehicle A obtains6 from 
step steering input test. ////    ~ ~ .- 

0 1 2    3    4    5 xl0-3 

STABILITY FACTOR (s2/m2) 

Figure 4. Histogram of stabili~ factor obtained from stead ~0 
~ STEADY STATE TURN state cornering test. 
~ ¯ ~ VEHICLE A R =30 m 

xlO-3 

0 1 2 3 4 5 6 7 8 ~ 5 

LATERA_ ACCELERATION (m/s2) ~ "-. LATERAL 
_ _ . ~ "’--. ACCELERATION 

Figure 3. Comparison of the vehicles having different US/ ~ . n=29 ""-. :2.94mls= 

tin~r m the laterN acceleration depends much on 
m~els. 

Figure 4 shows two histograms which indicate relations ~~ 
"’-l....n= 34/ ~tween the occu~ence of vehicles and the stability factor -._ 

obtained from the steady tu~ing test at ~ = 2.94 

m/s~" ~ ~          MEAN* S. D. 
One of the histograms is for vehicles which appeared 

on market in the l~t 3 years, and tge other is for those ~ ~ MEAN 
which appeared on market in the l~t 10 years. 

The mean values and standard deviations of the stability 
factor for these cas~ ~e K = 2.58 ¯ 0.86 X 10-3 g2/ 

m~ for the last 3 ye~s (n = 34) and K = 3.19 2 1.01 ’76-’78 ’79J82 
N 10-~ S=/m: for the last 10 years (n = 89). 

It can be said from these values that vehicles with 
smaller stability factor are increas~g in recent years. 

Figure 5 shows the r~ge of the stabiSty factor dividing Figure 5. Transition of stabili~ factor obtained from steady 

vehicles into three pe~ods. ~e figure also indicates that state cornering test. 
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the value of stability factor is steadily decreasing in the 
last 10 years, and vehicles of lower understeer are in- rlr~sw (GAIN UNIT - OdB=1 s-*) 
creasing. 0 

The transient yaw response can be obtained from ob- VELOC I TY" 100 km/h 
serving real time responses of yawing angular velocity (r) ,-., 

VEH ICLE A 
upon the steering wheel angle input. What is considered 
here, however, is the frequency response characteristics "-" -1 0 D= 2.~dE 
of r/Ssw in the linear region (~ < 3 m/s2) of lateral ~z 
motion. ~ -- 

Figure 6 shows an example of the frequency response f~=1.1 Hz 
characteristics determined from the transient response 

-2 0 .... (pulse and step steering input) test. 
Response parameters used are the resonant frequency 0.1 0.5 1 3 

of yawing (fo), the index of resonance of yawing (D), and 3 0 
the phase lag at 1 Hz (0n). 

............... Figure 7 shows histograms of recent Japanese cars on *~. 0 

the three response parameters of transient yaw response 
described above. The mean values and standard deviations 

~ - 3 0 

for these response parameters are fc = 1.16 -+ 0.14 Hz, ~ --~6 0 
D = 2.51 -+ 1.24dBand0n = --27.4 +- 8.2°. 

Steering Effort Properties. Responses of vehicles to the - 9 0 .... 

steering wheel torque are discussed below.                              0.1           0.5    1         3 

Figure 8 shows the relation between the steering effort FREQUENCY ( Hz ) 
(T~, force acted on steering wheel in the tangential di- 
rection) and the lateral acceleration in steady turning for Figure 6. Frequency response characteristics of vehicle A 

obtained from pulse and step steering input test. 
test vehicles of the last 3 years. 

Figure 9 shows the relation similar to that of Figure 8 
in the frequency of steer of 0.33 Hz. The lateral accel- 
erations and the steering efforts used in the figure are noted in addition that the steering effort of vehicles with 
averages of peak values observed in their 0.33 Hz wave- power steering system increased steadily in the last 10 
forms. Note that Figures 8 and 9 include data on vehicles years. 
with power steering system. The steering effort in steady Figure 12 gives graphs similar to those of Figure ! 1 
turns is somewhat greater on the average than that in the for the case of oscillatory steering. 

......... oscillatory steering, but their standard deviations are sim: Rolling Characteristics. The roll angle (4)~) in steady 
ilar in size. turns at a lateral acceleration of 4.9 m/s2 is used as an 

Figure 10 shows histograms which indicate relations index for indicating the degree of rolling in steady turns. 
between the number of cars (frequency) and the steering Figure 13 shows histograms which give the relation be- 
effort in steady turns and oscillatory steering at ~" = 2.94 tween the number of cars and such roll angle, The me~ 
m/s2. The mean values and standard deviations for these values and standard deviations for the histograms are 
histograms are T, = 24.0 - 7.6 N and T~, = 28,1 -+ = 4.05 -+ 0.71° for the last 3 years (n = 42) and ~ = 
7.7 N for vehicles of the last 3 years (n = 34), and T~, 4.24 -+ 0.67° for the last 10 years (n = 98), and it can 

= 25.7 -+ 7.4 N and T~, = 30.8 -+ 8.5 N for vehicles be said that vehicles with smaller roll angle are increasing 
of the last 10 years (n = 89 and 84), and it can be said recently. Figure 14 presents values of dpa dividing into 3 
that the number of cars with lighter steering effort are periods. The figure also indicates the trend that the value 
increasing recently, One of the causes of this phenomenon of dpa is steadily decreasing for the last 10 years. 
is the fact that vehicles with manual steering system which Braking performance. The longitudinal motion of ve- 
gives heavier steering effort are decreasing while those hicles is controlled through the accelerator pedal and the 
with power steering system which gives lighter steering brake pedal. The motion of vehicle becomes very" corn- 
effort are increasing, plicated when the control of longitudinal motion is corn- 

Figure 11 shows how the steering effort has changed bined with that of lateral motion. The braking 
in the last 10 years dividing the period into three periods, performance of vehicles in straight motion is mainly dis- 
In addition to the mean values for all vehicles, averages cussed in this paragraph. 
for vehicles with and without power steering system are Figure 15 shows the relation between the brake pedal 
also presented in the figure. As seen in the figure, the force and the deceleration for Japanese cars marketed in 
number of vehicles (n) with power steering system in- the last 3 years. Figure 15 shows the brakdng performance 
creased greatly in the period of 1979-1982. It should be of vehicles with initial velocity of 50 km/h. The trend is 
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Figure 7. Histogram of transient response obtained from pulse and step steering input test. 
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70 ?0 

’79-’82 n=34                                 ’79-’82 n=34 
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Figure 8. Mean values and standard deviations of steering     Figure 9. Mean values and standard deviations of steering 
............... effo~ obtained from steady state cornering test. 

effo~ obtained from frequency response test. 
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Figure 10. Histogram of steering effort, 
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[’] ’72-’82 n=98 300 ’79-’82 n=29 
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Figure 15. Mean values and standard deviations of brake 

pedal force obtained from effectiveness test. 

Figure 13. Histogram of vehicle roll obtained from steady 
state cornering test.                            mostly the same, however, when tested with initial ve- 

locity of 100 km/h in the deceleration range of up to 6 

m/s2. Figure 16 gives histograms which show relations 

between the frequency (number of cars) and the brake 

pedal force (FB) at a deceleration of 5.88 m/s2. The mean 
6 values and standard deviations obtained from these his- 
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Figure 14. Transition of vehicle roll obtained from stead     Figure 16. Histogram of brake pedal force obtained from 
state cornering test.                                    effectiveness test. 

839 



EXPERIMENTAL SAFETY VEHICLES 

’" tograms are FB = 132 -+ 27 N for the last 3 years (n = 

300 29) and FB = 159 -+ 47 N for the last 10 years (n = 
! N I T ! AL VELOC I T ¥ 87), and it can be said that vehicles which require smaller 

" 50 k m/h brake pedal force are increasing recently. Figure 17 shows 

DECELERATI ON mean values and standard deviations of the brake pedal 
"~ "-- 5.8 8 m/s2 force for test vehicles dividing into 3 periods. The figure 

"’- " indicates that the brake pedal force has been getting 
200 " smaller in the last 10 years, and the same is true with 

the standard deviation. 
The brake effectiveness in straight running has been 

examined as one of the test items of Accident Avoidance 
Capabilities of ESV (Experimental Safety Vehicle) and 
RSV (Research Safety Vehicle), and it is of interest to ~ 

32 ~ n=--’ ..... ~-£~ ..... 2__1 compare their specifications with trends in that of Jap- a~ 
1 0 0 n = 29 anese passenger cars. 

~ MEAN ÷ S.D. Figure 18 compares the relation between the brake 
~ 

~ 
pedal force and the deceleration of recent Japanese pas- 

S3 

I               MEAN 

senger cars decelerated from the initial velocity of 100 

MEAN - S.D. km/~ and those for ESV and RSV specifications decel- 
erated from the initial velocity of 96 km/h. The mean 

0 ~ ~ ~ values for the Japanese passenger cars of the last 3 years 
’72-°75 °76-’78 ’79-’82 mostly coincide with the lower boundary of the RSV 

YEAR 
specifications for decelerations below 6 m/s: although 
there is a small difference in the initial velocities. 

In the condition of booster failure, the mean values fall 
Figure 17, Transition of brake pedal force obtained from 

effectiveness test. in the middle of the upper and lower boundaries of the 
ESV and RSV specifications. 

The parking brake tests were conducted on 30% slopes, 
which is the same condition as that of the method of 

500 )r 
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Figure t8. Comparison of brake pedal force of recent Japanese passenger cars and ESV/RSV specifications’ 

840 



SECTION 5: TECHNICAL SESSIONS 

testing for ESV and RSV. Figure 19 shows the distribution LIST OF SYMBOLS 
of vehicles of the last 3 years as to their parking brake 

operating force (Fp). Parking brakes of most Japanese D : Index of resonance of yawing 
cars are of manual operation type, and Fp = 293 --- 64 f : Frequency of steering input in frequency te- 
N on 30% uphill slopes and Fp = 267 --- 62 N on 30% sponse test 
downhill slopes. The ESV and RSV specification on this fc : Resonant frequency of yawing 
parameter is Fp < 400 N, and most of the Japanese FB : Brake pedal force 
passenger cars meet the specification. Fp : Operational force of parking brake 

K : Stability factor 
£ : Wheelbase 

CONCLUDING REMARKS n : Number of data 
NS : Neutral steer 

The handling, stability and braking performance of 
r : Yawing angular velocity 

recent Japanese passenger cars were discussed in this re- 
R     : Turning radius 

port as to the distribution and trend of values of response 
S.D. : Standard deviation 

parameters. 
Trr : Steering effort in frequency response test, which 

The major results can be summarized as follows: 
is the value obtained by dividing steering wheel 

1. Japanese passenger cars tend, for the last 10 years, torque by effective steering wheel radius 
to have smaller steering effort and slighter under- Tss : Steering effort in steady state cornering test, 
steer. Vehicles which have smaller roll angle and which is the value obtained by dividing steering 
smaller brake pedal force are increasing, wheel torque by effective steering wheel radius 

2. Vehicles with power steering system increased more US/OS: Understeer/Oversteer 
than those with manual steering system in the period V : Vehicle forward velocity 

of 1979-1982, and the average value of steering effort Vo : Initial velocity in braking 

decreased accordingly. X : Stopping distance 

3. The brake effectiveness of Japanese passenger cars ~ : Deceleration 
of last 3 years was compared with the ESV and RSV ~ : Lateral acceleration of vehicle center of gravity 
specifications in the normal condition and the ~,w :Steering wheel angle 

booster failure condition. The comparison revealed ~swo : Steering wheel angle in turning at very low ve- 
that the average values for vehicles marketed in the locity, which is defined by 
last 3 years match the lower boundary of RSV spec- ~/ : Overall steering ratio 

ifications for vehicles of normal condition. 0n : Phase lag at 1 Hz 

10 

10                                                       ’79-’82 n=32 DOWNHILL 

’79-’82 n=32 UPHILL SLOPE : 30 % 

SLOPE : 30 % >" 

200     aoo ,.oo soo 200 aoo 
PAR I.   AR ING  RA"E 
OPERATING FORCE (N) OPERATING FORCE (N) 

Figure 19. Histogram of operational effort obtained from parking brake test. 
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0~ : Temperature of brake pad and/or lining, where 2. Linke, W., Richter, B., Schmidt, R., "Simulation and 

i expresses each wheel and i = 1, 2, 3, 4 Measurement of Driver Vehicle Handling Perform- 

7 : Steering wheel torque ance", SAE Paper No. 730489, May 1973. 

~ : Roll angle 3. Kohno, T., Tsuchiya, S., Komoda, N., "On the Vehicle 

~ : Roll angle, defined for ~° = 4.9 m/s2 Dynamic Response to the Steering Control", SAE Pa- 
per No. 690488, May 1969, 
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Variation Ranges for the Handling Characteristics of Today’s 
Passenger Cars 

KLAUS ROMPE INTRODUCTION 
EDMUND DONGES 

institute for Traffic Safety so far the design and evaluation of vehicle handling 

T0V Rheinland e. V., Cologne 
characteristics have mainly been based on the subjective 
assessment of experienced test engineers. The aim of this 
investigation, carried out under commission to the Get- 

ABSTRACT ma~ Federal Ministry for Research and Technology, was 
to record the resulting handling characteristics of today’s 

So far the handling characteristics of passenger cars passenger cars and define ranges for quantifiable eva!u- 

have mainly been designed on the basis of subjective cri- atio~a factors to describe the vehicle behaviour, The pur- 

tefia. It will only be possible to make well-founded state- poses of doing so were 
ments when we have succeeded in correlating accident 
frequency and vehicle handling characteristics. Before we --to be able to make comparative evaluations of new 
can do so, however, we must be able to give objective vehicles and components 
descriptions of the handling characteristics. The aim of --to gain more profound knowledge on the connection 
the investigations described here, which were carried out between test procedures, evaluation factors and de- 
under commission to the German Federa! Ministry for sign parameters 
Research and Technology, is to give a quantifiable de- --to create quantified values as a basis for determining 
scfiption of the handling characteristics of 15 different the connection between accident occurrence and ve- 
pazssenger vehicles in 7 test procedures during which hicle handling characteristics. 
steady-state and dynamic steering and braking man- 
oeuvres were measured. The results of these tests show 
variation ranges for the evaluation criteria of the different The results of the measurements can also be of im- 

tests and at different initial conditions, such as the loading portance within the context of developing experimental 

or road surface friction. By observing the behaviour of and research vehicles since merely fulfilling the require- 

individual cars within the variation ranges and through- me~.ts placed so far on the handling characteristics does 

out all the tests, correlations can be seen between the not necessarily lead to safe performance [1]. 

individual test procedures and conclusions can be drawn In compiling the test programme to describe the han- 

as to whether the handling characteristics in one test dling characteristics, the following selection criteria were 

procedure necessarily have an influence on the vehicle applied: 

b~haviour in another test procedure. The influence of 
certain design parameters also becomes clearer. ~the simulated driving situations were to be relevant 

The resulting ranges of variation represent one of the to safety and as close as possible to driving practices 

foundations for studying the connection between vehicle ~procedures were to be used which had already been 

handling characteristics and accident occurrence. They tried and had proved to give reproducible results 

are also suitable for evaluating new vehicle categories, --manoeuvres representative of the main driving sit, 

such as research vehicles, uations were to be carried out in each case, these 
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being straight course, turning, transition and alter- 
nating bends Track Condd~ons 

the measurements were to refer not only to normal 
driving situations with forward and lateral acceler- Strmght L~ne 

ations up to 3-4 m/s2, but also to situations ap- 
proaching the handling limits. 

Based on the experience available with different test pro- 
cedures, a comprehensive literature research and our in- 
volvement with the ISO Committee dealing with this 
subject, the 7 test procedures compiled in Figure 1 were 
selected: 

F " "~ Steady State Turning 

1. Straight line braking at v,o = 50 and 100 km/h / 
2. Steady-state turning on a constant radius Re -- 40 

m, at different speeds v~o. tension, 
~H~ conston| 3. Turning with steering wheel fixed, Re = 40 m, over 

a single bump 40 mm high and 400 mm wide placed 
at right angles ~o the path at different speeds 

4. Power-off during steady-state turning, Re = 40 m, Steady State Turn,ng 

at different initial speeds over Single Bump 
5. Braking in a turn, Re = 40 m, starting at a lateral 

acceleration of ayo = 5 m/s2 with different braking 
forces vxo= constant 

6. Step-steering input on a straight course at vx = 100 
km/h, attaining a lateral acceleration of 4 m/s~ 

7. Sinusoidal-steering input at Vx = 100 km/h with ~ Power Off Effect during 
frequencies of 0,2 - 2 Hz with a steady lateral ac- 

/~_~___~                            Steady State Turmng 

celeration of 4 m/s2 

A main feature in the performance of the test pro- 
gramme was the adherence to reproducible and constant                            v~o= 
test conditions relating to the measuring processes and 
test road surfaces as well as the vehicles and their equip- 
ment. 

Within the 15 test vehicles used (14 passenger cars and Braking ~n a Turn 

1 van), there were 8 vehicles with front-wheel drive, 5 
with rear-wheel drive and 2 with rear-wheel drive and 
rear engine. The maximum permissible weight of the ve- ~o- 

hicles was between 1140 and 2310 kg with a specific 
engine power of between 22 and 92 kW per 10130 kg. 

The vehicle types were selected to conform, on the one 
hand, with highest registration frequency and, on the 
other hand, to cover a broad spectrum of handling char- 

/ \    Step Steering Input 
acteristics. All the measurements were carried out at test [ 
weight (driver plus measuring equipment), Gt~t and at 
maximum permissible weight with the permissible rear 
axle loading, G .... 

The measuring equipment consisted of a measurement 
steering wheel, a gyro-stabilised platform to measure ac- 
celerations and roll angles, a yaw velocity sensor and Sinuso~dat Steering Input 

recorders for the forward and lateral velocities, and in- 
cluded indicators and aids for the driver. The total equip- 
ment weighed about 80 kg and was installed in place of 
the front passenger seat. The measurement recordings 
were evaluated according to various criteria by means of 
specially developed computer programs. 

Each individual test was repeated at least 5 times. Figure 1. List of the seven test procedures illustrating the 
track and stating the test conditions. 
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VARIATION RANGES Steady State Turning 

The following figures show the variation range of all 
15 vehicles in each test procedure as an example of one 

° 

or more evaluation factors. In order to illustrate char- 
actefistic differences in the vehicle design, in some cases ........... 
the reference curves of individual vehicles have been plot- 
ted in addition. 

1oo 

Straight Line Braking 

Figure 2 shows the range of distribution of the recorded 
braking distances s as a function of the speed at brake -~    -6 -,    -2    0 
application Vo between 50 and 100 k.m/h. The parameters o~o ’-~ 

plotted are the curves of constant deceleration a~. As you 

can see, the minimum mean decelerations are about 6 m/ 
s2 and the maximum mean decelerations about 9 m/s2. si~:i!ii!:: 

Inside the distribution range_ the curves are plotted for !~;::~:~:~ 

the mean braking distance s for all 15 vehicles in the ................ 
loading conditions Gt~t and G=... We can see clearly here ’~iiiiii;:~: 
that the mean deceleration at maximum permissible 
weight is about 0,6 - 0,7 m/s~ less than attest weight. 

~                              1oo ~H 
Thus at a velocity of 100 km/h the mean braking distance 
increase from 48,7 to 52,6 m, i.e., by about 4 m. so 

Straight Line Braking 
-~ -6 -~    -2    o    i i g ,,t~ i 

v.o : 5o Wmlh 
a, [m~s~] 

v~o= ~0o wmm Figure 3. Distribution range of the steering wheel angle ~H 
6 as a function of the lateral acceleration a~o with 

R(a~ ~ Veh~des the reference curves for vehicle 12 (top)and ve- 
hicle 13 (bottom). 

8 

Steady-state Turning 

Figure 3 shows the distribution range of the necessary 
steering wheel angle ~a during steady-state turning on a 
40 rn radius with increasing lateral acceleration a~o. In 
the top graph inside the marked range you can see the 
reference curves for one vehicle with a relatively low 
increase in the steering wheel angle and only slight dif- 
ferences between the loading conditions Gtest and G .... 

and in the bottom graph the reference curves for a vehicle 
with a greater increase in the steering wheel angle at the 
handling limits and with a greater dependency on the 
!oading condition. 

A common feature of all the steering wheel angle ref- 
erence curves is the initial linear, then progressive increase 

20 ~o    60 ao    ~oo krr~h~20 in the steering wheel angle with increasing lateral accel- 
Vo --- eration, i.e., all the vehicles under investigation showed 

design-dependent understeering. 

Figure 2. Distribution range of the braking distance s at The linear rise of the reference curves is characterized 

speeds of V,o = 50 to 100 km/h. by the steering wheel angle-lateral acceleration-gradient 
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with a value of between 2,0 and 8,6 degrees/m/s2 for the 

tested vehicles. With an increase in the lateral acceleration Sleady Stale Turning over Single Bump 

from 0 to 6 m/s2, the necessary increase in the steering 
wheel angle was between 25 and 85 degrees. The maxi- 
mum lateral accelerations achieved on a dry road surface 
were between 6,1 and 8,2 m/s2. 

Vehicle t2 

Vehicle 1 

Steady-state Turning Over a Single Bump 
GTest 

In the evaluation of turning with steering wheel fixed Ro - ~0 m 
over a single bump which, according to Reference [2], is 
suitable for assessing the influence of uneven road surfaces 
on the vehicle’s ability to maintain course, it is possible 
to use various rating factors. As an example, Figure 4 
shows the distribution range for the change in yaw ve- 
locity when driving over the bump t~/~o = (~max -- 

~m,,)/t~o with increasing lateral acceleration ayo in the top 

graph and in the bottom graph we see the distribution o~ 

range for the course deviation out of the circle caused by 
the bump and measured 1 s after driving over it. Addi- oro 

tionally, the reference curves of 2 vehicles are plotted in ~_.~ ’ ~ 6 8 m~2 ~0 

both graphs. Referring to the change in yaw velocity in ~"~.’~\h~, 

the top graph, the two vehicles show a tendency towards -~0- 

opposite behaviour, whereas referring to the sideward ~,oy,, 

course deviation due to the bump in the bottom graph, -~- 

they show a similar tendency. 
With a lateral acceleration before driving over the bump 

of a~o = 6 m/s~, the tested vehicles showed changes in 
-~0- 

the yaw velocity caused by the bump of between 30 and : 
100% and sideward course deviations 1 s after driving -~0- 

over the bump of 0,1 to 0,5 m. The loading condition did 
not appear to have a significant effect. -~0- 

Power-off During Steady-state Turning 

Power-off is understood to be a sudden release of the 
accelerator pedal during steady-state turning. With in- 
creased lateral acceleration and velocity Vxo the course 
deviation and the yaw motion of the vehicle are observed. Figure 4. Distribution range for the evaluation factors, ~e- 
Showing the reference curves of 2 vehicles differing ferred change in jaw velocity A~/~o and sideward 
greatly in their behaviour, Figure 5 demonstrates how course deviation 1 s after driving over the bump 

wide the distribution range is for the course deviation of z~y~ versus the steady-state lateral acceleration 

the path of the centre of gravity towards the centre of 
a~o. 

the circle with increasing speeds. 
The vehicle represented in the top graph, continuing 

of 60 km/h (avo = 7 m/s2). That means that the critical 
for a further quarter circle after power-off at the highest situation only arises at the extreme handling limits at 
possible test speed, shows a sideward deviation towards lateral accelerations of almost 8 m/s~ and is generally 
the centre of the circle of up to 15 m, the effect being more noticeable at test weight than at maximum per- 
only very slightly dependent on the loading condition. In missible loading. 
contrast, the vehicle in the bottom graph shows at ap- 
proximately the same speed course deviations of 25 m 
and more. At test weight (Gtest) the vehicle turns 180 Braking in a Turn 
degrees. This behaviour was also observed in two other 
vehicles. It is worth noting here that the two vehicles The test procedure braking in a turn was carried out 

illustrated hardly differ in their behaviour up to a speed in accordance with Reference [3] at a lateral acceleration 
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Po~e~" 01~ £{fect ,~ur~ng Steady St~{e Turm~                                                           Braking m a Turr~ 

..... ~ ~ Figure 6. Distribution range of the evaluation factors 1 s 
....... ~ after brake application, referred yaw veloci~ 
--~" 

~ 
~o, referred lateral acceleration a~/a~o and side 

,,, ~ 
slip angle difference ~, ~o each as a function 

~ of the deceleration a.~, on a wet road surface with 
/ 

"~ 
the reference cuwes for vehicle 15 at loading con- 
ditions G,,~ and G=,.. 

Figure 7 shows the distribution ranges of the reference 

cu~es for the lateral acceleration and the yaw velocity, 
F~ure 5~ Course deviation of the path of the centre o~ gravi~ relative to the steady-state valu~ which ensure as a re- 

at power-off and at d~fferent speeds v.o ~or vehicle action to the step steering input. Additionally, the ref- 
8 (top) and vehicle ~ 5 (boSom). 

erence curves of 2 vehicles with quite different designs 

are plotted. To ev~uate the vehicle reaction, the 90% 

res~nse times and the overshooting, expressed as the 

~.~ of 5 ~s~ and with d~erent bra~ng forces. The eval- quotient of the maximum and the steady-state values are 

uafion factors applied here are the yaw velocity ~d the calculated. For the yaw velocity this response time T~ 

lateral acceleration, relative to the steady-state values, and was between 0,08 ~d 0,20 s ~d the overshooting factor 

~he side sfip angle. ~e values recorded ~e measured ~ was between 1,1 ~d 1,8. The TB value developed by 

1 s after brae app~cation ta~ng account of the driver’s Reference [4] as the product of the response time of the 

~ssible reaction time. Fibre 6 shows the distribution yaw velocity up to the first ~ and the steady-state side 

range for thee thr~ factors as a function of the d~et- slip angle was between 0,11 and 0,91 s x degrees. 

eration 1 s ~er brake application. The graph is valid for 

a ~ m radius and a wet road suffa~. ~e reference 

cu~ of a vehicle with relatively large dependency on Sinusoidal-steering Input 
the loading co~difion are plotted inside the d~st~bution 

The sinusoidal-stee6ng input, as ~t is applied here, 
range. Due to ~ unfavourable ratio of bra~ng force to 

se~ to describe the dyna~c steering behaviour of the 
w5~l load at the rear a~e in the loading condition test 

test vehicles using frequency r~ponse f~ctions. The am- 
weight, this vehicle has a relative yaw stability at medium 

plitude of the stee~ng wheel angle is dete~ined so as to 
d~lerafion of 4-5 m/s: which is demonstrated by the 

lead to a lateral acceleration of 4 m/s~ cluing turning at 
~aks for the thr~ evaluation factors. A similar behaviour 
was ob~ with one other ve~cle, 

a speed of 1~ ~. The given frequency of the stee~ng 

wheel angle rang~ from 0,2 to 2 Hz. Fibre 8 shows the 

dist~bufion r~g~ for the delved frequency response 

Step-steering Input 
functions in ~plitude (top) and phase (bottom) for the 

lateral a~eleration (left) and the yaw velocity (right). 

The stee~ng wh~l angle for the step-stee~g input at Additionally, the functions for 2 vehicles ~e plotted. 

v, = 1~ ~/-h (62 mph) was chosen to ensure that a order to chEactefize these frequency response functions, 

study later~ a~lerafion of ~ ,=, = 4 m/s~ would result, the frequency at which the lateral a~eleration is reduced 
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Figure 8. Distribution range of the frequency response func~ 
tion of the lateral acceleration and the yaw velocity 

0 1 2 with the reference curves of vehicles 12 and 13. 

into elucidate the correlations between different test 
procedures 

--to examine the possibilities of determining integral 
evaluation factors from several test procedures. 

~ v v--- As an example of application Figure 9 demonstrates 

0 ~ ¯ 2 the correlation between the equivalent response tLme of 
the yaw velocity from the test procedure sinusoidal-steer- 
ing input and the steering wheel angle-lateral acceleration- 
gradient from the test procedure steady-state turning. 

Figure 7. Distribution range of the ~atera~ acceleration and 
the yaw velocity referring to the steady-state value 
with the reference curves of vehicles 13 and 15. 

Equivolen~ Response Time - Understeering Tenderly 

by 3 dB (fay-3aB) and the freque.ncy at which the yaw 
velocity shows a resonant peak (f~,~o.) are used. For the 
15 test vehicles the 3 dB limit frequency for the lateral 
acceleration was between 0,7 and 1,6 Hz and for the yaw o 
resonance between 0,6 and ’1,5 Hz. To identify the time o 

@ o 
history, the equivalent reaction time T~ of the yaw ve- 0, o 

locity is also applied. This value is defined as the recip- 
rocal value of the angular frequency at which the phase 

angle reaches 45 degrees. T~q resulted in a value of between 
0,11 and 0,23 s. 

APPLICATION POSSIBILITIES                                o 

Due to the large number of m~asurements.taken under 
comparable conditions, comparisons and correlation cal- Figure 9. Correlation between the equivalent response time 
culations can b~ made T~ and the understeering tendency for 14 test 

vehicles. Because of its specia~ dimensions of 
~to determine the most valid evaluation factors within mass and inertia moment the van is excepted in 

one test procedure this graph. 
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--For some vehicles in some of the tests, the loading 
can have a relatively large influence on the handling 
characteristics. In contrast, other vehicles showed 
handling characteristics in some tests which were 

Recommended Areo,: Weir/Di M(arco, 1978 almost totally independent of the loading. 
v = 80krn/h 7 

/ 
--Although the theoretical correspondence between the 

,. / evaluation factors and the test procedures could be 
o ~’= / verified to a certain extent, it could also be seen that 
o~ ~. / with certain suspension designs this correspondence o~ / 

o ¯ /                  is less recognizable. 
-’-/                Carrying out further evaluations and analyses of the 

available data should lead to more profound knowledge 
o %,st 

on the test procedures and the evaluation factors. 
® Gmax 

o            o)            0) ,     0,3       REFERENCES 
Teq 
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8H s,~t and the equivalent response time Te, for 
the test vehicle, port of the 8th International Conference on ESV, 

p 77-87, 1980 
2. Bergman, W.: Measurement and Subjective Evaluation 

From the linear theory of the handling characteristics it of Vehicle Handling. SAE 730492, 1973 
follows that the vehicle has a shorter response time the 3. Rompe, K.: Vehicle Handling Characteristics During 
larger this gradient is, i.e., the greater the understeering. Braking in a Turn. Report of the 8th International 
The measurements tended to confirm this correlation. Conference on ESV. p 1056-1064, 1980 
However, other design parameters, such as the vehicle 4. Lincke, W., Richter, B., Schmidt, R.: Simulation and 
weight, also proved to have an even stronger influence. Measurement of Driver Vehicle Handling Perform- 

For the correlation between the yaw amplification fac- ance. SAE 730489, 1973 
tot ~0,,,/8~ ,t,~, for example as determined in the test 5. Weir, D. H., DiMarco, R. J.: Correlation and Eval- 
procedure step-steering input, and the equivalent response uation of Driver/Vehicle Directional Handling Data. 
time T~ from the test procedure sinusoidal-steering input, SAE 780010, 1980 
Reference [5] gives a design recommendation for the speed 
80 km/h. If we plot the results of the measurements taken 
at 100 km!h in this recommended area, which is shown LIST OF SYMBOLS 
in Figure 10, we can see that 13 vehicles have very similar 
values within this area. Thus the subjective evaluation by a, Forward acceleration 

the test engineers led to a very similar design, ay Lateral acceleration 

Further analyses of the correlations have either already ayl~ Lateral acceleration 1 s after brake application 

been done or are still being undertaken, f Frequency 
s Braking distance 
t Time 

CONCLUSIONS v~ Forward velocity 
G~i Test weight (driver plus measuring equipment) 

If we sumamrize the results of the measurements we G~,,x Maximum permissible weight 
can draw the following conclusions: Ro Initial path radius 

~For most of the vehicles, the distribution ranges of T~ Equivalent response time 

the evaluation factors applied cover roughly the same /3~ Side slip angle 1 s after brake application 

area, thus they are similar in the design of their ~H Steering wheel angle 

handling characteristics. The range of the total dis- ~ Yaw velocity 1 s after brake application 

tribution is determined by only a few vehicles, but A~ Change in yaw velocity (t~ _ 
these are not the same ones for each test procedure. Ay~ Sideward course deviation 1 s after driving over 

---Driving conditions which were more difficult to con- the bump 
trol only arose for some vehicles when approaching Indices 
the handling limits in the test procedures power-off o Initial value 
and braking during steady-state turning, stat steady-state value 
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The Driver Related Steering Characteristics of the 
New Volvo 760 GLE 

FRIEDRICH O. JAKSCH as well as the development of the steering characteristics 

Volvo Car Corporation, Gothenburg, for the Volvo 760 GLE. 

Sweden Furthermore, the paper also reports on the most im- 
portant requirements on steering characteristics with the 

ABSTRACT                                       help of earlier defined measuring methods (refso 2 and 3). 

Steering characteristics of cars have been improved dur- REQUIREMENTS ON STEERING 
ing the past years, but investigations show that there is CHARACTERISTICS RELATED TO THE 
still a need for more driver adapted steering systems to DRIVER’S BEHAVIOUR 
reach a higher level of controllability of the driver/vehicle 
system. Research within the Volvo Concept Car project Earlier published investigations (ref. 2, 3, 4, 5, 6 etc.) 
showed the possibility of increasing steering controlla- indicate that vehicle parameters like 
bility. 

--Steering wheel angle 
Modern passenger cars are almost similar to each other 

--Steering wheel torque 
with respect to vehicle handling during normal driving. 

--Lateral acceleration 
At the limit of the tyre side force capability, cars can still 

--Yaw velocity 
react very different and sometimes require a great deal 

--Vehicle side slip angle 
of driver adaptation to secure a high level of controlla- 
bility of the driver/vehicle system, as well as different forms of their combinations and time 

This paper reports how the high level of controllability relation are of fundamental importance for the control- 
of the steering system has been reached in the Volvo 760 lability and stability of the driver/vehicle system. 
GLE without sacrificing either stability or manoeuvre- 
ability. Furthermore, the technical solution of the differ- 
ent vehicle subsystems influencing the steering Inverse Lateral Acceleration Gain versus 
characteristics are described. Lateral Acceleration Response Time 

The lateral acceleration gain of a vehicte can be meas- 

INTRODUCTION ured in different ways. Using a sinusoidal steering wheel 
angle input, the gain in terms of lateral acceleration can 

..... The Volvo 760 GLE, which is shown in Figure 1, be measured with different steering wheel angle ampli- 
....... incorporates design features which are a direct result of tudes and different steering wheel angle frequencies dur- 

ongoing research activities in the Volvo Car Corporation. ing straight line driving (ref. 1 and ref. 2). This measuring 
Many of the subsystems have been successfully tested in method is useful especially if the test track is limited in 
the Volvo Concept Car project (ref. 1). width. 

The aim of this paper is to describe the influence of It is also possible to measure the lateral acceleration 
different vehicle parameters on steering characteristics, gain due to steering wheel angle inputs on a circular path 

using different steering wheel angle frequencies and am- 
plitudes at different steady state lateral accelerations. 

Like in classical control theory, with respect to steering 
controllability and stability, it seems to be important to 
measure the gain and response time in the steering system 
at different input frequencies. Figure 2 shows the time 
history of a typical measurement sequence with steering 
wheel angle input and lateral acceleration response. 

In order to get a more complete picture of a vehicle’s 
response to steering wheel angle inputs, the inverse lateral 
acceleration gain has to be plotted as a ftmction of the 
lateral acceleration response time for different steering 
wheel angle frequencies and different levels of lateral ac- 
celeration, which is exemplified in Figure 3. The bound- 

Figure 1. The new Volvo 760 GLE, a result of several aries of the highest and lowest steering frequency as well 
research activities in the Volvo Car Corporation, as the boundaries of the highest and lowest lateral ac- 
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Inverse Lateral 
Acceleration Gain G~:~ l(deg/g) 

0.7 (Hz) 

0 3 (Hz) 

5 
3 

ay = 0 mls~ 

Figure 2. Time histories of a typical measuring sequence Lateral Acceleration 
ShOWing steering wheel angle input 8~, and lateral Response Time T., (ms) 

acceleration response 

8~ Steering wheel angle 

ay Lateral acceleration Figure 3. Inverse lateral acceleration gain Ga~-’ (deg/g) 

A~ Amplitude of steering wheel angle versus lateral acceleration response time T.~ (ms) 

Amplitude of lateral acceleration at different levels of lateral acceleration a~ (m/s~) 
and different steering wheel angle frequencies f~, 

T~ Time tag 
(Hz) measured with sinusoidal steering wheel an- 

f,,~ Input frequency gte input. 
t Time 

G~-~= A~,, 

eration. Since the steering wheel radius is very much the 

same in different cars, steering wheel torque can be used 
celerafion indicate how much adaptation is needed from instead of steering wheel rim force. 
the driver in order to control the vehicle safely within The steering wheel torque gradient; i.e., quotient of 
the measured ranges of the steering frequency and lateral steering wheel torque and lateral acceleration, should be 
acceleration, kept within certain limits and can be obtained from the 

Evaluation of test vehicles and subjective rating indicate 
time histories of steering wheel torque and lateral accel- 

(ref. I and ref. 2) that this area within the boundaries erafion (ref. 1). 
should be as small as possible and within a certain range 

Figure 4 shows a typical diagram of steering wheel 
of inverse lateral acceleration gain values in order to get torque versus lateral acceleration which can be used for 
a predictable steering behaviour for passenger cars. 

the determination of the steering wheel torque gradient. 

The diagram also shows a hysteresis partly depending on 

Steering Wheel Torque Gradient versus Ve- 
a time delay between the two signals but also depending 

hicle Speed 
on friction forces between steering wheel and front wheels. 

Friction forces should generally be limited, but a certain 

During straight line driving, steering wheel angle move- amount can be necessary as a damping in the steering 

ments are often very small, which means that the steering system if no other damping forces are existing. 

wheel angles used in order to keep the vehicle on a straight It is also an advantage for the driver if the vehicle 

line can be close to or below the driver’s threshold. In indicates lower friction between tyre and road with lower 

those cases, the feedback force at the steering wheel rim steering wheel torque gradients in order to give the driver 

will play a major role in the steering control of the vehicle, an early warning signal. 

The feedback force at the steering wheel tim can be Figure 5 shows a typical range for the inverse lateral 

determined by measuring the steering wheel torque with acceleration gain at different vehicle speeds measured on 

sinusoida! steering wheel angle input during straight line 13 different ears. Note the clear tendency of reduced 

driving taking the steering wheel radius into considera- inverse gain at increased vehicle speed. Figure 6 shows a 

tiorL The steering wheel angle input should not exceed typical range for the steering wheel torque gradient at 

an amplitude corresponding to +-0.3 g of lateral accel- different speeds for the same car population. The torque 
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Steering Wheel Torque M ~w (Nm) 

Steering Wheet Ms----~ (Nm/g) 

Torque Gradient ay 

40 - 

~ 
Lateral 
Acceleration a~ (m / s~) 

Figure 4. Steering wheel torque Mow (Nm) versus lateral ac- 
celeration ay (m/s2) derived from the time history Vehicle Speed Uo (kin/h) 

of the two signals measured with sinusoidal steer- 
ing wheel angle input. 

.......... l~z) 6o     8o     too     12o     14o 
~ = = Steering wheel torque gradient (Nm/g) 

Figure 6. Typical range for steering wheel tOrque gradient 
(M,w/a~) (Nm/g) at different vehicle speeds Uo 
(km/h) for 13 different cars measured on high 

Inverse Lateral friction surface with sinusoidat steering wheel 
Acceleration Gain G~’ ~(deg/g) 

’" gle input during straight line driving, 

gradient seems to be more constant when vehicle speed 
is increasing. 

150 - Due to the fact that the inverse lateral acceleration gain 
always is decreasing when vehicte speed is increasing, it 
is even more important at higher vehicle speeds to keep 
the steering wheel torque gradient above a certain limit. 

~00 ~ Also here, evaluation of test vehicles and subjective rating 
performed by test drivers indicate (re£ 1 and refo 2) that 
this torque gradient should not be below 15 (Nm/g). 

50 -’ 

Vehicle Side Slip Angle Gain versus Lateral 
Acceleration 

Vehicle Speed Uo (km / h) 

The vehicle side slip angle and especially the vehicle 
side slip angle gain is of great importance for the stability 60      80      100      120     140 

of the driver/vehicle system at higher lateral accelerao 
tions. Near the side force limit, a vehicle with high side 

Figure 5. Typical range for inverse lateral acceleration gain 
G~:.~~ (deg/g) at different vehicle speeds Uo (km/ 

slip angle gain has a bigger potential to reach instability 

h) for 13 different cars measured on high friction irrespective of the level of friction between tyre and road~ 

surface* with sinusoidal steering wheel angle in- Figure 7 shows the measured vehicle side slip angle 
put during straight line driving, gain at different lateral accelerations for 13 different pas- 

senger cars on high friction surface. In order to reach 
acceptable stability in the driver!vehicle system, the side 

* High friction surface means a friction level of at least skid number SN 80 according to 
the ASTM friction measuring method, slip angle gain in this diagram should not exceed 0.08 
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Vehicle Slide Stip Vehicle Slide Slip 
Angte Gain G~.(deg dug) Angle Gain G~,. (deg / deg) 

o 

0.05 

010 . 

o.lo .                       V A 

o / * 

0,15                   V 
Lateral 

O~] 

~ 
/ Acceleration a~(rn s~) ~ ~’ 

~,~ 
Lateral Acceleration 

, :~ Response Time T.~(ms) 

100 200 300 400 

Figure 7. Vehicle side slip angle gain G~,w (deg/deg) versus 
lateral acceleration a~ (m/s2) for 13 different Figure 8. Vehicle side slip angle gain G~ (deg/deg) versus 
vehicles measured on high friction surface with lateral acceleration response time T,~ (ms) for 6 
sinusoidat steering wheel angle input at a fre- different cars measured on high friction surface 
quency of f,~ = 0.3 (Hz). with sinusoidal steering wheel angle input at a 

steering frequency of f,~ = 0.3 (Hz). Peak lateral 
acceleration for the different vehicles in increasing 
order. 

(dug/dug) in the region of 5’ to 8 (m!s~) of lateral a~ (m/s2) 
acceleration. 

The limitation for the individual driver is dependent 
on the driving experience with high side slip angles. The © a.0 5.0 7.0 8.0 FIWD 

general motorist has very limited experience in driving 
¯ 2.5 4.5 6.5 7.0 RWD 
~ 3.3 4.8 7.3 9.0 RWD 

with high vehicle side slip angles. This has been found V 2.5 5.3 7.5 8.3 RWD 
and reported earlier (ref. 2, 5 and 7). ~- 3.2 4.7 7.0 8.8 FWD 

There are more reasons why the vehicle side slip angle [] 2.3 4.5 6.6 8.4 FWD 
should be held down for a passenger car for road trans- 
potation. Figure 8 shows the relationship between vehicle 
side slip angle gain and lateral acceleration response time Figure 9 shows a typical range of lateral manoeuvre- 

for 6 different passenger cars in the curb weight range ability performance measured on 25 different passenger 

between 8130 (kg) and 1403 (kg) representing both front cars. Marked in the diagram are 6 of those 25 cars coy- 
wheel drive and rear wheel drive. The diagram indicates ering a curb weight range between 800 (kg) and 1400 (kg) 

an increase in lateral acceleration response time when with both front wheel drive and rear wheel drive. 

side slip angle gain is increasing. It can be seen that lateral manoeuvreability is decreas- 

Both long response time and high side slip angle or ing when response time is decreasing or stability increas- 

side slip angle gain increase the risk for instability in the ing. Maximum lateral manoeuvreability should not drop 

driver/vehicle system, below 3 (m). 
Also Figure 10 indicates that lateral manoeuvreability 

is decreasing when side slip is decreasing, even here for 

Lateral Manoeuvreability versus Lateral Ac- the same 6 vehicles as in Figure 8 and Figure 9. 

ceteration Response Time 

In the foregoings, it has been shown that low vehicle STEERING CHARACTERISTICS OF THE 
side slip angle or short lateral acceleration response time VOLVO 760 G LE 
is necessary for high stability in the driver/vehicle system. 

Very short response time and very low vehicle side slip 
Some of the targets for the Volvo 760 OLE, with respect 

angle can, however, limit the vehicle’s ability to move 
to steering characteristics were: 

laterally during a steering manoeuvre, which is, in this 
report, called lateral manoeuvreability. --to improve the steering comfort and steering preci- 
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to increase the lateral manoeuvre.ability performance, 
Lateral Manoeuvreability 
Performance AY=(m) which means to reach higher lateral accelerations; 

compared to the Volvo 264 GLE. 

5 

The Development of the Steering 
Characteristics of the Volvo 760 GLE 

3 

\                                     To show how the steering characteristics of the new 
2 \ Volvo 760 GLE have been improved in relation to the 

Lateral Acceleration Volvo 264 GLE, which the 760 GLE replaces, the influ- 
1 Response Time    T,~ms) ence of different subsystems on steering characteristics 

will be shown by calculating the different characteristics 

100 200 aoo 400 using a mathematical model. Tiffs mathematical model, 
which has been used in other investigations (ref. 1, 8, 9 

Figure 9. Typiea! range of lateral manoeuvreability perform- and 10) and is described in the Appends, is advantageous 
ance AYp (m) versus lateral acceleration response here because the influence of different subsystems on con- 
time Tey (ms) at maximum lateral acceleration a~m~ trol and stability is very easy to overview. 
(m/s~), a steering frequency of f,, = 0.7 (Hz) and 

The development of the steering characteristics will be a vehicle speed of Uo = 80 (km/h) for 25 different 
passenger cars measured on high friction surface, shown using the inverse gain/response time characteristic 

which can be seen in Figure 3. This type of characteristic 
is very useful because it gives a very good indication of 

sion which means to reduce the inverse lateral ac- controllability, stability and manoeuvreability at the same 
celeration gain and the lateral acceleration response time. 
time in the range of the low lateral accelerations; Figure 11 shows the calculated results of the inverse 

--to improve the predictability of the steering control gain/response time characteristic of the former produc- 
system, which means to reduce the inverse lateral tion Volvo covering the steering wheel input frequencies 
acceleration gain and the lateral acceleration re- 

between fs~, = 0.3 (Hz) and f,, = 0.7 (Hz) as well as the 
sponse time considerably in the range of high lateral steady state lateral acceleratior~s between avs, = 0 
accelerations; (m/s2) (straight line driving) and at,, = 7 (ra/s2). This 
to increase the margin of yaw stability, which means 
to reduce the vehicle side slip and side slip angle 
gain at the side force limit; 

Inverse Lateral 
Acceleration Gain G~. ¢ (deg / g) 

Lateral Manoeuvreability 
Performance /~ Y, (m) 0.7 (Hz) 

0 Im/s~ 

~ O                                                        0 3 (Hz) 

3 10o 

2 

1 Vehicle Slide Slip 
Angle Gain G~o. (deg / deg) Lateral Acceleration 

Response Time     T~ (ms) 

0.05                      0,10                       0,15 
100      200      300      400      5043 

Figure 10. Lateral manoeuvreability performance &Y, (m) Figure 11. Calculated characteristic of inverse ~ateral ac- 
versus vehicle sideslip _angle gain _G_~, (d.eg/ celeration gain ~a~-t -..~ (deg/g) versus ~ateral ac- 
deg) measured with sinusoidal steering wheel celeration response time T,y (ms) for the former 
angle input at maximum lateral acceleration a~.= production Volvo 264 GLE for lateral accelera- 
(m/s~), a steering frequency of fe, = 0.7 (Hz) tions between a~ = 0 (m/s~) and a~ = 7 (m/s~) 
and a vehicle speed of uo = 80 (km/h) on high and steedng frequencies between f~ = 0.3 (Hz) 
friction surface, and f,, = 0.7 (Hz) on high fdction surface. 
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EXPERIMENTAL SAFETY VEHICLES 

~t type of characteristic indicates how much the ve- ~ ..... ,ater= 
hicle is changing in gain and response time when operated 

~cco~.ration Gain G;:. ’~d~igl 

erationWithin thelim~ts.above-mentioned frequency and lateral accel- 

~/l~/~////o 

Good controllability can be reached by keeping the 
inverse gain and response time generally low. Good sta-       ~ - 
bility can be reached by keeping the response time low 
esw,~6~y at high lateral accelerations. Good manoeuvre- 
ability however will be reached ff the lateral accelerations       1~0. 

are high at low response times. 
The new Volvo 760 GLE contains a number of different 

subsystem changes. Their influence on steering gain and 
100 - 

response time wiJl be shown in the following diagrams 
separately t’or each subsystem. ~0 - --o- A 

In order to get a better fuel and performance efficiency, Lateral Acceleration 
Response Time T,y (ms) 

the weight of the 760 GLE has been decreased by 5% --~ c 

while the number of features in the vehicle has been 

The influence of a 5(%) or 50 (kg) weight reduction 
on steering gain and response time is shown in Figure Figure 13. Galculated influence of increased wheelbase and 
t2o The diagram indicates a very, little change towards increased percentage of weight on front axle on 

lower inverse gain and lower response time, but praeti- inverse gain/response time characteristic. 

cal~y not noticeable. It might be important to mention A. Former production Volvo 264 GLE (data 
here that the weight distribution between front mad rear according to Appendix) with (a + b) = 2.64 
has not been changed in this calculation. (m) and b/(a + b) = 0.52 

To get more room and comfort for the rear seat pas- G. As vehicle A, except (a + b) = 2.77 (m) 

~gers, the rear axle has been moved backwards which and b/(a + b) = 0.5~ 

g~ves about t3 (era) longer wheel base and about 4(%) 
more weight on the front axle compared to the Volv6 
264 GLE. weight of the vehicle here has not been changed. The 

Figure ! 3 shows the influence of increased wheelbase diagram shows a clear reduction in response time but also 

a~nd increased percentage of load on the front axle. The an increase in inverse gain. 

Vehicles with very high percentage of front axle load 
suffer from high inverse gains which means less steering 
precision. The design of a new steering and front wheel 
suspension system made it possible to increase the stiffness 

~o~o,,o~ ~* <:-’~o~;~ between the steering wheel and the front wheels. 

/ 
How an increase of the stiffness between steering wheel 

and front wheels is influencing the steering characteristics 
~ . × can be seen in Figure 14. Inverse gain is decreasing but 

response time is increasing. The reason for this is that 
increased stiffness between steering wheel and front 

~ ’ wheels leads to less cornering compliance on the front 
axle. This again leads to lower natural frequency and 

~® . higher damping in the whole vehicle system. 
On the new 760 GLE, the tyres used are generally 

wider and lower. The tyre size is 195/60HR15. This leads 
basically to higher cornering stiffness in the entire range 

Figure 15 shows how inverse gain and response time 

,® ~ ~ ~ ~ are influenced when cornering stiffness is increased by 
10(%) in the whole range of lateral accelerations. A dear 

Fi~ur~ ]2. Galeulatod influence o~ weight red~¢ti0n on reduction in response time can be seen. At higher steering 
inverse ~ain/response time characteristic. 

A. Former production Volvo 264 fiLE (data 
frequencies also a reduction in inverse gain is noticed. 

aeeordin~ to Appendix) with m = 1450 (kg) Figure 16, however, shows what happens if th~ cornering 

Be A~ vehicle A, except m = 1400 (kg) stiffness is increased mainly in the range between a~ = 
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Acceleration Gain G~ ~(deg/g) Acceleration Gain (deg/g) 

100’ 100 , 

50’ ~ A 50 --C)’- A 

--~- I= 
Lateral Acceleration Latera~ Acceleration 

Response Time Tar(ms) Response Time T~y(rns) 

~o ~Go 3& .;o ~o I;o ~;o     300 ,oo 

Figure 14. Calculated influence of stiffness betweensieering Figure 16. Calculated influence of cornering stiffness on 
wheel and front wheels on inverse gain/response front and rear axle in the range of lateral acce~- 
time characteristic, erations ax ,~ 2 (m/s2) to ay ----- 7 (m!s2) on 

A. Former production Volvo 264 GLE (data inverse gain/response time characteristic. 

according to Appendix) with CSL = 6500 A. Former production Volvo 264 GLE (data 
(Nm/rad) measured on front wheels according to Appendix) with mF = 

D. As vehicle A, except CSL = 15000 (Nm/ and m, = 1.9 (--) 
rad) F. As vehicle A except mF = 3.0 (--) and mR 

= 3.0 (-) 

2 (m/s2) and a~ = 7 (m/s2). A considerable reduction of 
inverse gain and response time can be noticed particularly 

at high lateral accelerations. As can be seen from the 
equations in the Appendix, increased cornering stiffness 

Accelerationl 
...... Lateral 

X3Gs~n G~ ~e~/~ both on front (OS/Oa)F and rear (OS/Oa)g axles leads to 
" _~- increased damping ratio ~ (--) but, above all, to increased 

natural frequency vz (Hz) of the vehicle system which, of 
200 . 

course, also means a reduction in response time. 
If now all the new system characteristics are put in to 

the mathematical model including the characteristics for 

the new front and rear wheel m~pensions, the inverse 
gain/response time diagram will change as shown in 
Figure 17. Here, both inverse gain and response time have 
been reduced considerably which is increasing predic~- 
bility and steering precision. 

--1~-~ E Lateral Acceleration 
Response Time T,,(ms) The Measured Steering Contro~ Character- 

.... ~ 760 GLE 1oo ~oo ~oo ,oo ~o istics of the Volv 

Figure 15. Calculated influence of cornering stiffness on The measured results of inverse ga~ and response time 
front and rear axle at lateral acceleration a~ = for the new Volvo 760 GLE and the Volvo 264 GLE are 
0 (m/s2) on inverse gain versus response time shown in Figure 18. As already indicated in Figure 17, 
characteristic, inverse gain and response time have been reduced in the 

A, Former production Volvo 264 GLE (data 760 GLE due to the diff~e~t subsystem chaages which 
according to Appendix ) with Cl F = 100000 have been mentioned before. 
(N/tad) and ClR = 100000 (N/tad) 

E. As vehicle A except ClF = 110000 (N/rad) Lowest and highest inverse gain has been reduced from 

and ClR = 110000 (N/rad) 140-230 (deg/g) to 120-175 (deg/g) at the ~e laterN 
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inverse Lateral Vehicle Side Slip 

Acceleration Gain G~o (deg g) Angle Gain G~’.o(degideg) 

2O0 - 

0.15 

0.10 

10,3 4 

005               / ~          VoLvo 760 GLE 

O A 

Lateral Acceleration 
G 

Lateral Acceleration Response Time T., (ms) 
Response Time T., (ms) 

100 2~0 3~0 4~0 500 ’         ’ ’ 

100 200 300 400 

Figure 17, Calculated influence of all the new system charL ....... .... 
acteristics on inverse gain/response time char- Figure 19. The range of vehicle side slip angle gain G~s,w. 

acteristic. 
" (deg/deg) versus lateral acceleration response 

time Tar (ms) for 6 different cars and the Volvo 
A. Former production system (see Appendix) 760 GLE measured on high friction surface with 
B. New production system (see Appendix) sinusoidal steering wheel angle input at a steer- 

ing frequency of fs,, = 0.3 (Hz). The measure- 
ments on the Volvo 760 GLE are performed with 
lateral accelerations between a~ = 5 (m/s2) and 
ay = 9 (m/s2), 

Lateral Manoeuvreabitity 
Inverse Lateral Performance 3, Y~ (m) 
Acceleration Gain G~,~ (deg g} 

Volvo 760 GLE 

2O0 
4 

264 GLE 

3 \ 
\ 

150 2 

Lateral Acceleration 760 GLE 
1 Response Time T,~ (ms) 

100 

100 200 300 400 

Lateral Acceleration Figure 20. Typical range of lateral manoeuvreability per- 
Response Time ~,~/ms) 

formance &Yp (m) versus lateral accelertion re- 
sponse time T,y (ms) at different lateral 

~o0 ~00 3o0 4o0 ~00 accelerations a~.~ (m/s~), a steering frequency 
of f,,~ = 0.7 (Hz) and a vehicle speed of Uo = 
80 (kin/h) for 25 different passenger cars and 

Figure 18, Measured results of inverse lateral acceleration the Volvo 760 GLE measured on high friction 
gain versus lateral acceleration response time surface. The measurements on the 760 GLE are 
characteristic for the former production Volvo performed with lateral accelerations between a~ 

264 GLE and the new 760 GLE. = 5 (m/s~) and a~ = 8.5 (m/s~). 
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acceleration level. This leads to better steering precision response time can be held relatively low even if the stiff- 

and more highway driving comfort, ness is decreasing. In this system, the lateral acceleration 

The highest lateral acceleration response time has been response time T,y at the steering frequency fsw = 0 (Hz) 

........ reduced from about 370 (ms) down to 240 (ms) measured can be defined as follows: 

at the same lateral acceleration level. It must be mentioned 
here that the 760 GLE was able to perform higher lateral /b 
accelerations than the 264 GLE, which is expected with Tay =~’o 

~sll)f,t 

1000 (ms) 
respect to the tyros used on the 760 GLE. 

It is certainly of interest to discuss how the lateral 
acceleration response time could be kept low even when 
cornering stiffness is decreasing at increased lateral ac- b = Distance, centre of gravity to rear axle 
coloration. 

In a simple oscillation system, the response time is a Uo = Vehicle speed 

function of the natural frequency and the damping factor, ~I = Damping factor 
and therefore also a function of spring stiffness and damp- 

......... ing. If the spring stiffness is decreasing, the response time vf = Undamped natural frequency 
is increasing. 

The two degree of freedom vehicle system, as described In the previous equation, the undamped natural fre- 

in the Appendix, is somewhat more complex. Here, the quency can be written as follows: 

() ((0s) 
0S ¯ (a + b)2 + m ¯ Uo2 

~ ¯ b -- 
. a 

FT RT RT FT 

"of = ~ mZ . kZz u2° (rad/0 

...... where It is quite obvious from the equations above that if the 

0S) 

tyre cornering stiffness is decreasing, the difference of 

~ = Total cornering stiffness on front axle total cornering stiffness has to be increased if the natural 
vr frequency should be held low. This again keeps the re- 

~ sponse time in the system low. That is what has been 

OS) 
= Total cornering stiffness on rear axle done in the Volvo 760 GLE in order to keep the area of 

the carpet type characteristic shown in Figure 18 as little 

a = Distance, centre of gravity to front axle as possible. 

b = Distance, centre of gravity to rear axle 

m = Total vehicle weight 
The Stability Characteristic of the Volvo 760 

kz = Radius of gyration around vertical axis GLE 

Uo = Vehicle speed The vehicle side slip angle and the vehicle side slip 
angle gain are important stability characteristics. Figure 

As can be seen in the equations above, the undamped 19 shows the vehicle side slip angle gain versus lateral 
natural frequency and therefore the response time can be acceleration response time for the Volve 760 GLE and 
influenced by the: the range of 6 different cars both with front and rear 

--product of the total cornering stiffness on the front wheel drive measured on a high friction surface. 

and rear axle and the; The measured results for the 760 GLE in the diagram 

----difference of the total cornering stiffness on the front cover lateral accelerations between av = 5 (m/s2) and ay 

and rear axle. = 9 (m/s2). The diagram shows that the side slip angle 
gain at 9 (m/s2) lateral acceleration is relatively low, 

The total cornering stiffness on front and rear axle, on which means high stability at the side force limit. 
the other hand, is influenced by: The diagram does not show any measurements below 

--tyre cornering stiffness the lateral acceleration of a~. = 5 (m/s:), because side slip 

--side force steering in the wheel suspension gain and response time are practically not changing. 

--roll steering in the wheel suspension; and The highest side slip angle gain among the 6 cars meas- 

---camber steering in the wheel suspension, ured is G~,~ ~ 0.20 (deg/deg) at a lateral acceleration 
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response time ofTay ~--- 500 (ms) and a lateral acceleration 5. LIST OF SYMBOLS 
of a~. ~ 8.0 (m/s2). 

A2 Numerator time constant 

Manoeuvreability versus Stability of the Volvo A3 Numerator time constant 
A, Numerator time constant 

760 GLE Aa, Amplitude of lateral acceleration 
Very high stability or very short response time at the a~,w Amplitude of steering wheel angle 

side force limit can reduce lateral manoeuvreability, a Distance, centre of gravity to front axle 
which means the vehicle has difficulties to move laterally ay Lateral acceleration 
at high latera! accelerations. Those vehicles would nor- 
mally be called heavy understeering vehicles. Lateral acceleration at which 

ability performance versus the lateral acceleration re- a~R Lateral acceleration at which 
sponse time for 25 different cars measured on a high 
friction surface° ayp Peak value of lateral acceleration 

The diagram in Figure 20 indicates that the 760 GLE b Distance, centre of gravity to rear axle 

has good manoeuvreability performance at relatively low C Total vehicle roll stiffness (excluding tyres) 
lateral acceleration response time. This also means good ClF Cornering stiffness at ay = O, front axle 
manoeuvreability at a high stability level. C1R Cornering stiffness at av = O, rear axle 

CSL Torsional stiffness between steering wheel 

SUMMARY AND CONCLUSIONS and front wheels 

CSF Torsional stiffness front wheel suspension 

The development of steering control, stability and ma- around vertical axis 

noeuvreability performance characteristics for the new CSR Torsional stiffness rear wheel suspension 

Volvo 760 GLE has been described. The characteristics around vertical axis 

have been measured and compared with other passenger f,~ Steering wheel angle frequency 

cars. Furthermore, requirements on steering character- ay (jto) Lateral acceleration gain 

istics related to the driver’s performance ability obtained 
G 

during the research in the Volvo Car Corporation have /3 Vehicle side slip angle gain 
been described. G~-~ 

The Volvo 760 GLE shows a combination of high h Height, centre of gravity, total weight 
steering precision, high lateral manoeuvreability perform- 

i~ Total steering gear ratio 
ance and high yaw stability. Normally, high steering pre- 
cision or high lateral acceleration gain tend to give a lower 

k~ Radius of gyration for total vehicle mass 
1eve! of yaw stability, around vertical axis 

The combination of high steering precision and high 
m Total vehicle weight 

yaw stability has been reached by optimization of a num- 
ber of different vehicle subsystems. The systems and ve- 

my Tyre constant, front axle 

hicle parameters which are contributing the most to the 
ma Tyre constant, rear axle 

M~ Steering wheel torque 
new steering characteristics in the 760 GLE are: 

(0Mw~ Tyre castor ground off’set 

the new wheel suspension characteristics especially k-b-g-] 
in the rear axle 

(_~) 

Steering wheel torque gradient 
---the increased percentage of weight on the front axle 

the increased torsional stiffness between steering 
wheel and front wheels 

ncv Geometrical castor, front wheel suspension 

~the tyres with higher side force capability 
n~ Distance, turning centre to wheel centre 

around vertical axis, front wheel suspension 
the reduce~ aerodynamic yaw coefficient of the body 
due to the unusual body shape, nR Distance, turning centre to wheel centre 

around vertical axis, rear wheel suspension 

The very limited variation of the steering characteristics rr Roll centre height front axle 

for the 700 GLE in the entire range of lateral accelerations rR Roll centre height rear axle 
will increase the level of safety in the driver/vehicle sys- {OSh Total cornering stiffness, front axle 
tern on all surface friction levels. This is especially im- ~ )~ vr 
portant on low friction surfaces, because the variation of 
steering characteristics is always increasing when the sur- 

0(~) 

Total cornering stiffness, rear axle 

face friction level is decreasing. RT 
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0/’-~ Tyre cornering stiffness, front axle 2. Jaksch F. O. "Vehicle Characteristics Describing the 

F 
Steering Control Characteristics of Cars" VIIth ESV 

O[.X Tyre cornering stiffness, rear axle Conference, Paris, June, 1979 

~aa) 
3. McRuer D. et al. "Automobile Controllability-- 

........ R Driver/Vehicle Response for Steering Control" US 
{0S~ Tyre side force due to camber angle, front Department of Transportation, Report No. DOT-HS- 

axle 801-407 
F 

~~)[OS’~R 
Tyre side force due to camber angle, rear 4. Lincke W., Richter B., Schmidt R. "Simulation and 

axle Measurement of Driver-Vehicle Handling Perform- 
........... an~e~~ SAE Paper 730489 May, 1973 
.............. T Time 5. Jaksch F. O. "Driver--Vehicle Interaction with Re- 

t Time, general spect to Steering Controllability" SAE Paper 790740 
Tay Lateral acceleration response time June, 1979 
Uo Vehicle forward velocity, constant value 

6. Rrnitz R., Braess H. H., Zomotor A. "Verfahren 
Ayp Peak value of lateral vehicle deviation und Kriterien zur Bewertung des Fahrverhaltens yon 
a Axle side slip angle Personenkraftwagen" Automobil Industie Volume 1 
/3 Vehicle side slip angle and 3 1977. 
/~ Vehicle side slip angle velocity 7. Richter B. "Diving Simulator Studies: The Influence 

(~ ___~) 
Camber steer coefficient, front axle of Vehicle Parameters on Safety in Critical Situa- 

F tions" SAE Paper 741105 October, 1974 

(~) Camber steer coefficient, rear axle 8. Mitschke M. "Dynamik der Kraftfahrzeuge" Hand- 
............... book in Automobile Engineering Springer Vertag 

R 

8~. Steering wheel angle 
Berlin, Heidelberg, New York 1972 

[0,\ Roll steer coefficient, front wheels 
9. Mitschke M. "Comparison of the Stability of Front 

Wheel and Rear Wheel Steering Motor Vehicles" 
F International Association of Vehicle System Dynam- 

//0__~ ~ Roll steer coefficient, rear wheels ics (IAVSD), Berlin 1979 
.......... ~,O~,}R 10. Mitschke M. "Wichtige Daten fur die Kurshaltung 

~:. Damping ratio von Kraftfahrzeugen" Automobiltechnische Zeit- 

vy Undamped natural frequency schrift ATZ 80, No. 6, 1978 

~ Roll angle 
~. Yaw velocity 

~ Yaw acceleration 
to Disturbance frequency 

7. APPENDIX 

6. LIST OF REFERENCES                Mathematical Model 

1. Jaksch F. O. "The Steering Characteisfics of the The equations of motion for the linear, two degree of 
Volvo Concept Car" VIIIth ESV Conference, Wolfs- freedom vehicle system used for the calculations are the 
burg, October, 1980 following 
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ay 

The lateral acceleration gain G,sw due to steering wheel                      o~       fsw 
’0 -- - 2~r.-- 

angle input derived from the differential equation above vs vf 

is 
The vehicle side slip angle gain G~,w due to steering 

wheel angle input is 

(1 -- A3 ¯ ~?=) + d" A4" ~) 

~i ~) = ~: (o) 
GL d~) = ~,W (0) 

where                                               where 

(OS) 0(~)"(a ~ b) ~ 
~)~. ~m.u0.a --[OS, f~(OS) ~ ) ~I. (o) =    m~. ~. -~. ~ ~. (o) = ~ ~ m .k~.u~.v).i~ 

m.k~, ,~ A= = m.k~. Uo.W 

A~= OS~’(a+b)                              m.u~.a- ~ ~ 

b ¯ vf The undamped natural frequency vs and the damping 
Uo factor ~,,. are 

The equations for the total cornering stiffness front and 
rear (OS/Oa)vr, (OS/Oct)RT or total cornering compliance 

(Oa/OS)rr, (Oa/OS)RT can be written as follows 

"INe lateral acceleration response time Tay is defined as 
follows 

6(~) 1 ~(~) 
~      2~ ~ 
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where 

((A4- ’0). (1 -- ,/2) _ (1 -- A3. "02) ¯ (2 ¯ ~fo ’0)) = 
((1 - A3. ’02). (1 - ’02) + (A4. ’0). (2. ~f. v)) 

The simplified model which has been used to simulate nR = 0.05 0.05 (m) 
the total cornering stiffness on front and rear axle (0S/ S = 31.38 1.45 (m) 
Oct)r, (OS/Oct)R due to tyre slip has been defined as follows fs,~ = 0.3-0.7 0.3-0.7 (Hz) 

............ ay = 0-7 0-7 (m/s2) 

= 
ClrR 1 -- 

aym~F -- 11 11 (m/s2) 

F,R ’ \aym~..R/ / mF = 1.9 3.0 (--) 
C1F = 100000 110000 (N/tad) 

aymax, = 11.5 12,5 (m/s2) 

mR = 1.9 3.0 (--) 

Vehicle Data Used during the Calculation c,~ = 10o0oo 110000 (N/tad) 

Former New i + Understeering 

-- Oversteering 
Production Production ~ ÷ Oversteering 

Volvo 264 GLE Volvo 760 GLE - Understeering 
Average of front and rear track 

............ m = 1450 1400 (kg) 
k, = 1.32 1.37 (m) 
a = 1.27 1.20 (m) 
b = 1.37 1.57 (m) 
Uo = 22.22 22.22 (m/s) Mathematical Tyre Model Used During the 

is = 17 17 (--) Calculation 
CSL = 6500 15000 (Nm/rad) The mathematical tyre model used during the calcu- 

~ (0~.~ lation describes the cornering stiffness (OS/c3a)~.R on the 
= 0.08 0.05 (deg/deg) front and rear axle as a function of the lateral acceleration 

F 

2 (0~_~) 
ay. This cornering stiffness characteristic includes the tyre 

= --0.02 0.02 (deg/deg) cornering stiffness itself and the influence of the wheel 
R load transfer on the front and rear axle caused by wheel 

...... (~ --~) = 0.8 0.9 (deg/deg) 
suspension springs and roll stabilizers. 

~ The tyre model equation is defined as follows: 

= 0       0         (deg/deg)                 OS                ay 
= C~ 1        --       (N/rad) 

/S’~5_~,) 
= 2000 2000 (N/rad) where 

F 

-~-(0b-~) = 2000 2000 (N/rad) 
C1FR = Cornering stiffness on front and rear 

R 

C = 50000 45000 (Nm/rad) axle at lateral acceleration a 

h = 0.55 0.55 (m) 0 (m/s2). 

r~ = 0.03 0.01 (m) ay = Lateral acceleration of the vehicle, 

rg = 0.30 0.30 (m) ay~x~,R = Lateral acceleration on front and rear 

( 0~w~ 
axle at which the cornering stiffness 

0S J~ 
= 0.05 0.05 (m) (OS/01~)F,R = 0 (N/rad). 

mF,~ = Factor influencing the cornering stiff- 

0S ]R 
= 0.05 0.05 (m) hess in the range a~ = 0 (m/s:) and ay 

= aym~. 

CSF = 80000 80000 (Nm/rad) 
CS~ = 100000 40000 (Nm/rad) 

~ ncF = 0.018 0.018 (m) The cornering stiffness characteristics used during the 
2 nr = 0.05 0.05 (m) calculations are shown in the diagram following, 
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Axle Cornering --    (N / rad) 
Stiffness 

Rear 1 

40000, 

\\ Rear2 
Front 2 

Lateral/~cceleration ay(m/s~) 

2 4 6 8 

Tyre cornering stiffness on front and rearaxle (~S/c!~)F,Rversus 
lateral acceleration a~ (m/s~) for two different tyre/wheel 
suspension combinations. 

Combination 1 

aym~F 
= 11.0 (m/s2) 

m~ = 3°0 (-) 
= 110000 (N/rad) 

aye. = 12.5 (m/s~) 

mR = 3.0 (-) 

C~. = 110000 (N/rad) 

Combination 2 

aym~F = 11 0 (m/s2) 

mF = 1.~ (-) 

C~ = 100000 (N/rad) 

ay.~. = 11 ,,5 (m/s~) 

mR = 1.9 (-) 

C~. = 100000 (N/rad) 
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Aerodynamics of Trailer Towing 

JOHN ZELLNER after being hit by a gust. Other vehicles were found to 

Systems Technology, Inc. have basic rollover problems due to their high side area 

LLOYD H. EMERY to mass ratio. In some cases high crosswind velocities 

changed a directional control problem into a potential 
National Highway Traffic Safety rollover problem. 
Administration In summary, prior research has shown the need for 

further development, analysis, and recommendations for 

ABSTRACT the RV public and industry regarding trailer towing in 

crosswinds. For example, it would be desirable to provide 

An experimental investigation of combination vehicle a more definitive basis for advising certain vehicles not 

aerodynamics, pertinent to crosswind and truck-induced to travel during high wind conditions. Currently a blanket 

disturbances, was performed. This was accomplished via "campers and trailers prohibited" statement is issued in 

1/10 scale model wind tunnel measurements performed 
some states in the U.S., which may ban some vehicles 

on 6 trailers and 4 tow vehicles, and various combinations 
that do not have significant wind problems. On the other 

thereof. For some tests, a non-metric tractor trailer model 
hand, vehicles with more serious problems may be allowed 

was placed in the flow field near the combination vehicle to proceed. Subsequent research may make it possible to 

model. A large data base of aerodynamic characteristics placard certain vehicles with a maximum safe crosswind 

was generated comprising 6 force and moment coefficients speed, for the benefit of drivers. Using another approach 

as a function of crosswind angle. The effects of airspeed, it would also be desirable to develop design guidelines for 

articulation angle, trailer and tow vehicle shape, surface trailers, hitches, and hookup practices that would mini- 

roughness, and truck proximity were quantified. Prelim- 
mize combination vehicle crosswind sensitivity. 

inary results suggested some design and development 

guidelines for manufacturers, and ranges of crosswind OBJECTIVES 
sensitivity for various vehicle shape features. 

The overall objectives of the study (Ref. 2) were to: 

ACKNOWLEDGEMENTS ¯ Analyze and quantify the instability of tow vehicle- 

trailer combinations under crosswind disturbances. 

The author is indebted to Systems Technology, Inc. ¯ Measure thebasic aerodynamic properties of selected 

(STI) for their excellent work (Ref. 2) in exploring the tow vehicle-trailer combinations. 

aerodynamic characteristics of passenger vehicle!trailer ¯ Investigate via computer simulation the dynamic sta- 

combinations. This paper is essentially a report of the bility of various combinations under simulated cross- 

work performed during the referenced study, wind disturbances. 

. Perform a series of full scale tests of combination 

vehicles to verify selected simulation results. 

INTRODUCTION o Develop recommended design criteria for improved 

stability in crosswinds and consumer guidelines for 

Current industry research has a strong emphasis on proper tow vehicle-trailer crosswind operation. 

fuel economy considerations. Aerodynamic changes are 
This paper will describe the results of the "aerodynamic 

being made to vehicles and trailers to improve vehicle 
measurements" and parts of the "simulation" tasks. The 

fuel economy. The effects of crosswinds on vehicle crash 
performance of a series of full scale tests of combination 

avoidance capabilities cannot be neglected, especially 
vehicles to verify- selected simulation results is planned 

since the solutions to fuel economy problems may aggra- 
for a future research activity. Preliminary recommended 

vate vehicle stability problems. A review of accident in- 
design criteria for improved stability in crosswinds and 

vestigation reports related to wind conditions has shown 

that wind-related accidents occur more frequently for 
consumer guidelines for proper tow vehicle-trailer cross- 

vehicles towing trailers and other recreational vehicles 
wind operation will also be made. 

than for any other vehicle type. 

These data were supported by recent results of full scale BACKGROUND 
crosswind tests (Ref. 1) on a sample of vehicles. Although 

some vehicles had little or no problems, some trailers The current research described in this paper is part of 

were found to have directional control instabilities in- a logical sequence of investigations by the U.S. Depar~- 

duced by the driver attempting to maintain lane position ment of Transportation, Nationa! Highway Traffic Safety 
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Administration (NHTSA) into the dynamics of trailer In the mid-1970s, an initial landmark NHTSA study 

towing, and as such was motivated by existing experi- was accomplished at STI involving the development of 

mental data. car/trailer handling test procedures (Ref. 16). This ex- 
It has long been known that articulated road vehicles amined 20 or so maneuvers and ended up with four most 

can exhibit various stability problems, such as tail wag- critical ones useful in assessing handling and stability. 
ging or "swing" oscillations, and jackknifing. Early at- This was supported by linear and nonlinear modeling 
tempts were made in the academic and automotive fields efforts. A spinoff from the Ref. 16 trailer study involved 

to exarnine these problems analytically, a simulation development and validation performed by a 
Analytical models of tow-vehicle/trailer combinations Canadian researcher (Ref. 17). Anderson’s objective was 

have been around since the 1930s, and a wide variety of to develop the simplest simulation that would adequately 
models and simulations currently exist at various stages match actual full scale data. Several levels of simulation 

of development. The real impetus for articulated vehicle were developed. The simplest of these, a 4 degree of 

modeling occurred in the late 1950s when tire slip models freedom nonlinear model, gave close agreement with the 

were developed for studies of automobile dynamics. By NHTSA full scale data. 

the mid-1960s, Jindra in the U.S. (Ref. 3), Ellis in the Other NHTSA efforts, also conducted at STI, were 
United Kingdom (Ref. 4), and Kullberg in Sweden (Ref. aimed at defining: 
5) were considering the linear stability of car/trailer sys- o Recommended trailering practices. 
terns via mathematical models. The Swedish work in- . Consumer guidelines for trailering. 
cluded some experimental studies comparing full scale o Possible trailer handling and braking standards. 
and linear model results. 

Subsequent modeling work involved development of These included the Ref. 18 investigation of load equalizing 

digital and hybrid simulations of tow-vehicle/trailer sys- type hitch; development of handling standards in Ref. 15; 
terns. Ellis’ (Ref. 6)braking-while-turning nonlinear sire- and design and testing workshops for trailer industry 
ulation was probably one of the earliest examples of these, representatives. 

The next wave of models was directed toward tractor- In an investigation of aerodynamic crosswind sensitiv- 
semitrailer dynamics. By 1971, Mikulcik (Ref. 7) had ity of various vehicle classes reported in Ref. 1, STI ver- 

developed a digital computer model having 6 degrees of ified that passenger vehicle/trailer combinations--along 

freedom for both tractor and trailer. Krauter, Susemihl, with 2 wheeled vehicles--exhibit relatively high sensitiv- 

ToNer, and Vincent (Refs. 8-13) extended Mikulcik’s ity and possible loss of control behavior when subjected 
model to include wheel dynamics, multiple axles, and to realistically heavy gusts. Moreover, the problem was 
various tire mc~lels, resulting in a 22 degree of freedom related to driver/vehicle interaction and driving tech- 
model. Other work by Highway Safety Research Institute, nique, as well as vehicle configuration. The results pro- 
IIT Research Institute, Systems Technology, Inc., and vided the main strong incentive for the current study. 
others has carried the truck dynamics area to levels of 
greater completeness and complexity. Accident Data 

Up to this point, most of the analytical models: 
Among U.S. road vehicles involved in accidents, pas- 

o Focused on tractor/semitrailer dynamics. senger vehicle/trailer combinations account for less than 
¯ Did not include the effects of crosswinds and aero- 1 percent of the total fatality and injury producing ac- 

dynamic disturbances, cidents, over the past decade. This good record is gen- 
¯ Lacked validation with respect to car/trailer re- erally ascribed to low exposure and high personal 

st~onse, investment--and, therefore, conservative driving pat- 

Some work by the automotive industry in the late 1960s terns--of the trailering public (Ref. 20). At the same time, 

began to emphasize car/trailer dynamic simulations (e.g., it has been observed that such accidents can have rela- 

Re£ 14) and aerodynamics. Still, perhaps the high water tively high costs in terms of personal and property loss. 

mark in car/trailer aerodynamic disturbance simulation Accident data on trailer towing is sparse at best, es- 

occurred in the early 1970s. This was associated with a pecially in terms related to vehicle selection factors. The 

Federal Highway Administration study (Ref. 15) of truck two main extant sources of such data are the studies by 

and bus induced aerodynamic disturbances. A digital sim- the University of California at Los Angeles (UCLA) (Ref. 

ulation was developed including car/trailer dynamics, 20) and the University of Kentucky (Ref. 21). 

closed-loop driver model, and the disturbing aerodynamic Not surprisingly, among trailer accident, potential loss 
forces and moments due to a large adjacent vehicle. Nu- of control and vehicle dynamic factors appear quite prev- 

merous analyses were conducted to assess the effects of, alent. Reference 20 data show that in all trailer towing 

for example, increased bus and truck width, driver control accidents studied, from 50-60 percent were single vehicle. 

techniques, wind conditions and relative speed, lane Of these single vehicle accidents about one-third were 

width, etc. attributed to crosswinds or aerodynamic disturbance from 
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Table 1. Probable cause of single vehicle trailering accidents s Pickups and pickups with camper tops accounted for 
(Ref. 20). 34 percent of the tow vehicles, and 

California New Mexico 
¯ passenger cars (including sedans and station wagons) 

...... Probable Causes (n                                                = 44) (n                  = 100) accounted for 50 percent of the tow vehicles. 

Wind 20.4% 27.0% These results are in good agreement with the UCLA 
Passing truck or bus 11.4 6.0 results. 
Total Possible Aero- 31.8% 33.0% An example of an aerodynamically induced trailer ac, 

dynamic Causes cident is given in Table 3 and Figure 1, which is a random 
excerpt from the Kentucky case studies. Here a gust from 

...... a passing truck apparently excited a trailer swing oscil, 

a passing bus or truck, as shown in Table 1. So, possible lation, which rapidly developed into a loss of control 

aerodynamic problems were the most common causes of situation. Based on this and similar accident scenarios, 
single vehicle trailering accidents. Also, 80 to 90 percent the recommendations of the University of Kentucky team 

of the single vehicle accidents resulted in an overturned were: 

........ trailer, underlining the relatively large values ofc.g, height 
. Motor Vehicle Safety Standard specifying maximum 

........... to track ratios occurring in trailers. This may also suggest 
height of center of gravity and minimum weight to 

that trailer roll motions can be important in some aero- 
wind pressure area ratios for travel trailers. 

dynamic disturbance situations, and this has been ob- 
¯ Driver examination/education for licensing specifi- 

served in the previous experimental work (e.g., Ref. 1). 
cally for towing of travel trailers. 

A second study concentrating on recreational vehicles 
¯ Mandatory effective anti-sway devices, with appro- 

............. 
(Ref. 21) provided multidisciplinary accident reports on 

priate Motor Vehicle Safety Standard for travel trail- 
............. 226 cases of which 173 (77 percent) involved trailers. For 

era. 
the total sample, wind was a relevant accident causal 
factor in 26 cases, or between 10 and 15 percent of the These recommendations again emphasize the interplay of 
trailer accidents. The type, direction, and magnitude of driver and vehicle design factors in this type of accident. 
wind in these 26 cases, or between 10 and 15 percent of 
the trailer accidents. The type, direction, and magnitude 
of wind in these 26 accident cases are listed in Table 2. Table 3. Example aerodynamically induced trailer accident 
These results indicate that the most likely accident sce- scenario (Ref. 21). 
nario occurs when the recreational vehicle is in the vicinity 
of another vehicle, and with the wind blowing from the Excerpt from Fatal Accident 
left at moderate (10-20 mph) speed. This condition is case No. u~-766-o4 

likely to occur when the vehicle is passed by a larger 
........ vehicle. Pre-Crash: 

Though the categories of tow vehicle types involved in 
Vl-eomblnatton [sedan-travel trailer] traveling 

the Ref. 21 trailer accidents are different from those of south on Interstate 65 in lane 1 at 45-50 mph (72- 

Ref. 20, the results showed that: so kin); passed by W!~ (ear) and VX (semi-trailer truck) 

traveling in lane 2; VY traveling 60-65 mph (96- 
104 lua)~ VX traveling 70 mph (I12 lua); VX/D steered 
into lane I to pass VY which remained in lane 2 a£ter 
passing Vl-comblnatlon; in passing Vl-comblnatlon th__e 

Table 2. Wind conditions for 26 RV accidents from Kentucky w~.ad vortex created by VX initiated a weavin~ motion 

MDAI study (Ref. 21). of Vl-trailer; the rear of ~ narrowly miased the 
front of Vl-car; Vl/D steered slightly to right and 
braked to avoid hlttln$ the rear of VX; this action Condition Percent Description 
increased the weavln$ of V1-trailer; VI/D then steered 

35 Sudden wind gust back to left -- attemptln~ to resaln control of the 
trailer; Vl-trailer left pavement edge to the right, 

Type of wind 12 Sudden variation due deposited 42" (12.8 m) of right tire cornering and 

to roadside break braking scrub marks on right shoulder h-crete re- 

53 Vortex from other entering lane i; Vl-comblnatlon comple~:ely out of eon__._.~- 
ire1; Vl-trailer swung back across lane I and into 

vehicle lane 2 forcing Vl-car crossways in lane I; Vl-trailer 
50 From left tilted about roll axis onto left wheels; left side Vl- 

trailer tlres deposited 33~ (I0 m) of cornering scrub 
Wind direction 31 From right marks in lane 2 before passing Vl-car on the left and 

25 Variable re-enterlng lane I; trailer still hitched to car. 

4 Other Crash; 
27 Light (0-10 mph) 

Vl-tailer re-entered lane 1 tipped over about the 
Wind magnitude 38 Moderate (10-20 mph) left wheels, left side struck pavement 5" (1,5 m) 

53 Strong (20 mph) beyond end 
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I { 

T New Mexico Accidents 1 

40 F T T Colifornio Accidents 

~ F-q 1 [q usoge sorvey,co,f i 

I ~ T T 

I ~ Pickup w/ Wogons 

~ 
Comers 

~ Figure 2. Trailering accident data by tow vehicle ~pe, 

~ "1 
various samples (Ref. 20). 

In summa~, traile~ng accidents account for a small 
fraction of highway fatalities and injuNes (less than 1 
percent of the total). Yet, among these, a large potion 

~ 
,,, (10-20 percent) appear to be aer~ynamically induced, 

~ and one-third of single vehicle trailer accidents seem to 
~ be aerodynamically relate. Pickup t~cks~specially 
Figure ~ Universi~ of Kentucky ease n~. ~K-766-04 (Ref. those with campers or covers~se~ns, and station wagons 

2~)" are the most common tow vehicles; and medium length 
trailers seem to be overrepresented ~n accidents. 

On a more detailed level, there appears to be some data 
relating to vehicle type in the UCLA data base. Figure 2 
is based on the Ref. 20 data for 118 trailering accidents 
in California and New Mexico, and 1,331 res~nses to a 
trailer owner use survey. The data are plotted according 

~~~ 

~ Usoge Survey 
to tow vehicle type. There seems to be reasonable con- 

(n ~ 1551 ) 
sensus on the rank ordering of tow vehicle type, i.e.: 

~ Accidents 
pickups (including those with cover and camper shells), 

(n = 118) 
~dmns, and station wagons; followed by car~alls, vans, 

~ 
~~ ~~/ 

---~ ~~ 

and motorhom~. Beyond this, there is less agreement 
among the thr~ data bases. If the CNifomia use and ~ ~0 
accident data were emphasized, pickups would appear to ~ 
~ overrepresent~ in accident rate relative to their usage, 
and compared to other vehicle types. ~ I0. 

Figure 3 is a similar plot for trailer accident involve. 
merit. From th~s it ap~ars that trailers up to 18 feet in 
length are under- or propo~ionately represented in ac. 
cidents. Above this length, however, involvement rises 0 

1~-18 19-~2 25-~6 ~7-0ver 
dispropo~ionately to usage rate. At the extreme trailer Trai~ L~ngth 
lengths, only 3 ~r~nt of M1 trailer accidents are ac- 

counted for. The ~eat~t numbers ofovefinvolved trailers Figure & California trailering accident data by trailer length 
s~m to occur at the medium size, 19- to 29-f~t range. (Re{. 20), 
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VEHICLE SELECTION shape are also of potential importance. In particular, 
front/rear weight distribution and tire side force centroid 

Three passenger type tow vehicles, three recreational are key factors, as identified in the Ref. 1 study. For the 

trailers, and three utility trailer shapes were selected, tow vehicle alone case, rearward c.g.’s and tire side force 

which were representative of the range of tow vehicle/ centers tend to yield more sensitivity, all other factors 

trailer combinations existing in the population. The fol- being equal. The extent to which this is true for combi- 

lowing factors were considered in selection of vehicles: nation vehicles remains to be determined. A heavy front 
weight distribution is likely with front wheel drive, and 

¯ Vehicle size and weight, this is increasingly common in sedans. Many other design 
¯ Vehicle type, i.e., truck, van, car, etc. factors are also involved, such as suspension and steering 

............ ° Vehicle design, i.e., front wheel drive, rear wheel system design, and these tend to affect the response to 
drive, etc. gusts and driver control inputs to greater or lesser degrees. 

° Trailer size and weight. Trailer. Trailer size and weight tends to be proportional 
° Trailer geometrical shape, for full size travel trailers. That is, most travel trailers 
° Trailer design, i.e., number of axles, e.g. location, average about eight feet in height, and the gross weight 

etc. runs about 300 lb per body foot (and a little less than 
...... ¯ Existing sales and accident involvement data and this for new and future models). Again, among size pa- 

trends, rameters the more sensitive aerodynamic cases would be 
¯ Requirement for load-leveling trailer hitch, the greatest side-area-to-weight ratios, so the interesting 
Other factors also considered were availability of ve, cases are probably the longest trailers at their lightest 

hicles and previous data (tires, handling dynamics, iner- (empty) weights. Newer, medium length, lightweight 

.......... tias, etc.), and tow vehicle/trailer compatibility, trailers are also interesting since they probably represent 
............... the wave of the 1980s. 

Trailer geometrical shape may have a fairly important 
effect on aerodynamic sensitivity, though little data are 

Selection Considerations currently available here (Ref. 22 is a first cut). For a given 

Tow Vehicle. Of course tow vehicle size and weight are side area, trailers with less resistance to crossflow (i.e., 
.... highly variable in the real world population. Size and more streamlined in cross section) might be expected to 

weight variables are ordinarily dependent on another vat- show somewhat reduced sensitivity compared to flatsided 

iable, i.e., vehicle type. In other words, most domestic models. The main example of the former is trailers such 

pickups and wagons are either large (3600-4600 lb) or as the Airstream. "Center of pressure" location (i.e., aero- 

compact (e.g., downsized intermediate, 2900-3800 lb), dynamic yaw moment) is again a potentially important 

while most American ~vans are nearly the same length factor, in both yaw and roll sensitivities to crosswind 

and weight as the large class vehicles. Among the size gusts. In general, as is well known, streamlining tends to 

and weight parameters, side-area-to-weight ratio is a main increase adverse yaw moment. 

determinant of aerodynamic sensitivity. Such tow vehicles Trailer design factors, other than aerodynamic shape, 

as lightweight vans and pickup-campers and larger, light- primarily involve number of axles, axle-to-axle distance, 

weight travel trailers would tend to show greater lateral longitudinal and vertical center of gravity location, and 

accelerations per unit wind gust. For example, other key suspension design. It has been dete~ined that tandum 
size-related parameters include tow vehicle wheelbase and axles provide better swing damping, so this was an at- 

yaw moment of inertia, tractive candidate. Center of gravity location relative to 

Example candidate tow vehicles and their character- the hitch-to-axle length is easily varied on any given 

istics are listed in Table 4. trailer, so this was not a selection criterion. Currently, 

Tow vehicle types are fairly well defined as: sedan; trailer suspensions do not vary significantly (almost all 

wagon; carryall; van; and pickup, with or without camper are leaf), although a continuing interest of manufacturers 

shell. Each of these types is clearly distinguishable in its has been the amount and direction of leaf spring roll steer 

most relevant factors: profile shape, and the ratio of side that should be provided. 

area to wheelbase. Tow Vehicle-Trailer Compatibility. Compatibility of 

A main factor here is the so-called center of pressure the tow vehicle-trailer is another area which deserved 

location, which in a profile view tends to be near the side attention. The first consideration is hitch type and 

area centroid. Imprecisely stated, vehicles with forward recommended hookup practices. SAE and trailer manu- 

or elevated c.p.,s tend to show larger adverse yaw and facturers’ recommendations generally are that trailers in 

roll sensitivities to wind gusts, respectively. Again, vans excess of 3500 lb require Class III hitches; sway dampers 

and pickup,campers are the interesting cases in this re, are additionally recommended for those in excess of 50(30 

gard. lb. The latter fact tended to shift attention away from the 

Tow vehicle design factors other than size, weight, and over 5000 lb class in the current study, because well 
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Table 4. Example vehicle characteristics. 

a Tow Vehicle 

Weight 
Type Size Class Drive Examples 

(lb) Axle 

2200 F Accord, Fiesta, Horizona 
Subcompact 2200 R Chevette, Datsun, Toyota 

2700 F Citation" 
dan 

Compact 2900 R Malibu, Fairmont 

Large 3700 R Impala, LTD 

Subcompact 2600 R Datsun, Toyota 

~tion wagon Compact 3200 R Malibu, Fairmont 

Large 4000 R LTDa, Impala 

Compact 3000 R VW 
Van 

Large 4100 R Ford, Dodge 

Compact 3000 R Toyota, Datsun, Luv 
;kup 

Large              3600        R      Ford F100/F250, Chevrolet C10 

"Denotes vehicle previously used in Refs. 1-3 trailer studies. 

b) Trai~er 

Gross Approx. 
Size Length Weight Side Shapeb No: Examples 

Class (ft) Class Area Axles 
(Ib) (ft2) 

Komfort 15L/16L 
16 ft Cal Samp Mus- 

SQ 1 tang~ 
Small 13-18 1300-3000 80-100 18 ft Shasta" 

18 ft Starcraft Gala.~ 

STR 1 19 ft Jayco Songbird 

21 ft Kit Deluxe 
Companion 

SQ 2 22 ft Prowler" 
23 ft Komfort 

Medium          18-26      3000-5000      100-150                           Bunkhouse 
21 ft Airstream Cara- 
velle 

STR 1,2 19 ft Silver Streak 
25 ft Jayco Songbird 

SQ         2     27 ft Holiday Rambler" 
Large            26-40      5000-7000      150-250 

STR 2 29 ft Airstreama 

"Denotes vehicle previously tested in Refs~ 1-3 trailer studies. 
~SQ = Square; STR = Streamlined. 

damped cases are less of a problem. Also, the current In terms of two vehicles, most manufacturers specify 

trend toward downsized vehicles would make small and maximum allowable hitch loads; and domestic vehicles 

medium trailers more relevant, and this in fact would offer trailer towing suspension and tire options as well. 

follow the historical trend in Europe, for example. With In selected cases it may be desirable to exceed recom- 

nearly all but the lightest trailers, some form of load mended practices to assess what is likely to occur over 

leveling may be desirable, among which might be load the next decade. European experience, for example, has 

equalizing devices, air shocks, coil or leaf spring boosters, led to widespread use of trailers that weigh up to twice 

spacers, etc. as much as tow vehicles, 
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Test Vehicles cients for each combination vehicle) under a range of 

Based on the above factors, the vehicles described in 
crosswind angles. These describe the lateral properties: 

Table 5 were selected for measurement and testing. Note ¯ Side force coefficient 
the abbreviations for each to be used throughout the o Yaw moment coefficient 
remainder of the text. ¯ Roll moment coefficient 

EXPERIMENTAL APPROACH and the longitudinal properties: 

¯ Lift coefficient 
The measurement of the aerodynamic characteristics ° Drag coefficient 

of the 10 vehicles described above was accomplished via ¯ Pitch moment coefficient 
wind tunnel tests. This section describes the following 
topics concerning these tests: Basically, the characteristics in the first group form the 

main directional disturbance inputs to the vehicle and, 
° Test method and rationale by analogy, are part of the main inputs to appropriate 
° Vehicle models vehicle dynamic simulations. They are the more crucial 
° Test conditions 

set. The second group of properties is often neglected in 
° Aerodynamic measures 

handling studies. In some cases they can affect the vertical 
loads and, therefore, side forces produced by the tires. 

TEST METHOD AND RATIONALE This might be especially the case for a vehicle such as a 
car/trailer, where aerodynamic forces on the vehicles can 

The measurement method comprised wind tunnel have relatively large effects on tire vertical loads and tire 

measurements using 1/10 scale vehicle models. Tow ve- side force requirements (Ref. 19). 

hicle and trailer characteristics (alone and in combination) The required aerodynamic sideslip angles of the tow 

were quantified for straight ahead and crosswind flow. vehicle cover a relatively wide range. The previous Ref. 

Combination Vehicle forces and moments were also de- 1 work speculated that sideslip angles up to 40 or even 

termined in the presence of an adjacent, flow disturbing 60 degrees may be encountered under certain unusua! 

tractor-trailer, circumstances. This could correspond to worst case peak 
gusts encountered while driving in the desert, plains, or 
other open areas (e.g., "traveler’s advisory" conditions). 

Data Requirements What may be more pertinent is that aerodynamic coef- 
The desired aerodynamic data consisted of the six force ficients tend to become nonlinear above 15 or 20 degrees 

and moment coefficients for each vehicle (i.e., 12 coeffi- sideslip, so that extrapolation of small angle data is not 

Table 5. Vehicles used in aerodynamic tests. 

Maximum Hitch 
Tow Vehicle Symbol Wheelbase GVWR Load* 

(ft) (Ib) (Ib) 
Chevrolet Citation Hatchback C 8.7 3500 200. 

Ford Fairmont Sedan F1 8.8 4100 400. 
Ford Fairmont Station Wagon F2 8.8 4100 400. 
Ford F250 Pickup Truck P 11.1 8100 800. 

¯ Manufacturer’s recommendation. 

Nominal Dry 
Trailer Symbol Box Length Dry Weight Hitch Load 

(ft) (Ib) (Ib) 
Utility Trailer with Flat Face AV1 8 860 38. 

Utility Trailer with Rounded Corners AV3 8 700 52. 

Utility Trailer with Nosecone and AV4 8 720 57. 
Rounded Corners 

Komfort 15L Travel Trailer K 15 1580 170. 

Silver Streak SS-190 Travel Trailer S 19 2780 350. 

Fleetwood Taurus TG Travel Trailer T 24 3305 389. 
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always appropriate. Moreover, it is reasonable that gust. tolerate about half this. Moreover, in most wind tunnels, 
induced trailer upsets and other wind-related incidents dynamic pressure can be calibrated so as to include rood- 
occur primarily under large gust conditions since smaller est blockage effects; or a blockage correction factor is 

disturbances tend to be fairly benign, applied to the data if the blockage is small and variable. 
In addition to crosswind angle, the articulation angle In the current effort the latter approach was used. 

of the trailer relative to the car is another aerodynamic In the current study note that, for the larger combi- 
variable of interest. Obviously, the flow over the aft of nation vehicles (e.g., 50 ft lengths), blockage at large yaw 

the car and the entire trailer will change as the trailer angles in even the largest full scale tunnels would be 

swings upwind and downwind of the car. These differ- excessive. Primarily for this reason scale model wind tun- 

ences in aerodynamic forces can affect the swing oscil- nel testing was selected as the most favorable approach. 

lation phenomenon. However, past results indicate that The remaining question is which scale size to use. Here 

this tends to be a second-order effect for typical vehicles, again trade-offs among technical and cost factors were 
That is, the m-ticulation angle adds or subtracts small made. Larger models can be more costly, and blockage 
amounts from the aerodynamic yaw moment. Yet the or tunnel compatibility issues are important. Excessively 

effects with off-nominal tow vehicles, such as pickup small models can involve more intricate detailing work 

campers, and the behavior at larger sideslip angles appear (which also can be costly), higher tunnel speed require- 

to be unknown. In terms of magnitude, wind angles up ments and, therefore, potential compressibility problems, 
to 15 degrees would completely cover the full range en- difficulties with potential boundary layer effects, and bal- 
countered in the real world (short of jackknifing), ance signal to noise ratios. After weighing these and other 

technica! factors, a model scale of 1/10 was selected as 

Available Measurement Techniques the best compromise. 
Reynolds Number. Defined as the product of airspeed 

~e available methods of determining road vehicle and vehicle length, divided by the kinematic viscosity, 
aerodynamic characteristics are shown in Table 6. As this index shows the relative importance of fluid inertia 
shown, the measurement vehicle can be either full scale versus viscous forces. The important factor is not that 
or reduced scale. The measurement means can be either the real world Reynolds number be maintained, but that 
an air pressure survey or force transducers incorporated the flow is above the critical Reynolds number. That is, 
in an internal strain gauge array or external balance. After at sufficiently high Reynolds numbers (i.e., 3 X 105), flow 
weighing the large number of factors involved, the scale separates behind bluff bodies, giving a turbulent wake. 
model, force transducer method (i.e., scale wind tunnel Since the total aerodynamic forces in crosswinds acting 
model) was selected as the most advantageous approach on vehicles such as cars and trailers are characterized by 
in the current effort, large areas of separated flow, sufficiently high Reynolds 

As is well known, in any wind tunnel measurement numbers must be retained. A rule of thumb is to use at 
there can be differences between forces that occur in the least 4 or 5 times the critical value, which yields minimum 
real world and those occurring under tunnel (albeit con- values for Ro of about 1.5 × 106. For a 1/10 model of a 
trolled) conditions. These include the effects of the fol- tow vehicle, for example, this would yield a minimum 
lowing, tunnel speed of about 200 mph. 

Blockage. This refers to the obstruction of flow due to Boundary Layer. In both real world and wind tunnel 
presence of a model in the wind tunnel test section. When flows, ground plane boundary layer effects can be present 
blockage is large, airstream velocity over portions of the that may cause differences in the flow and resultant forces. 
model increases, which can affect pressures and the re- The usual example given is that of a real vehicle traveling 
sultant measured tbrces. Blockage ratios of less than 15 in still air, which sees no boundary layer; versus a tunnel 
percent generally cause few problems in open test section model resting on a finite ground plane, which does see 
tunnels (e.g., Ref. 23) and closed test section tunnels can some vertical gradient in flow velocity. The critical factor 

is the relative size of the boundary layer versus some 
characteristic model dimension, such as underbody clear, 

Table 6. Method of aerodynamic measurement, 
ance. Past results have shown that with full scale wind 

Measurement method tunnels the effect can be negligible (e.g., Ref. 23). With 
Measurement Pressure Force scale models it can be more important; yet past work 

Vehicle survey transducer reported in Ref. 25 and 26 has shown that the tunnel 

Full scale, over the �. ~/ boundary layer mainly affects longitudinal forces, and not 

road the crucial lateral properties. 

Full scale, wind V ¢ In the crosswind case, on the other hand, the real world 
tunnel road vehicle sees a crosswind boundary layer due to the 

Scale model, wind ~, (~ local terrain. This means that the flow at the roof height 
tunnel can be different in magnitude and direction than that at 
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bumper height; This rotational shear effect is not generally The test setup involved mounting a six component 
reproducible in conkentional wind tunnels. It might be strain gauge balance internal to each of the car and trailer 
of some importance for taller vehicles such as trailersl at models (as described in the next article). F~ch balance 
high sideslip angles. Yet, based on the physics of the was mounted to a support strut, then the vehicle body 

............. situation and on fairly good matches between past full shell was fitted over the balance and attached to it. The 
scale and simulation responses, this is probably not a first- model assembly was attached via the support strut to 
order effect: special floor plates placed in the tunnel yaw table. 

Another related factor is the presence of turbulence in Most test runs were made at a nominal tunnel dynamic 
the full scale case, as recently reported in Ref. 6. This pressure (q) of 140 psf which gave a Reynolds number 
tends to be another relatively minor source of potential of approximately 2.2 × 106 per foot. Based on a typical 

........ real world!wind tunnel differences, vehicle model wheelbase of 1 ft, this provides an effective 

Transient Effects. This refers to the situation where Reynolds number of 2.2 X 106. This is about 40 percent 
various parts of the vehicle are experiencing the same of full scale (at 55 mph), and is about a factor of 4 above 
flow field at different times, i.e., gust penetration. Though the critical value. 
it is feasible to measure such effects via dynamic wind All models were designed to fit on the same balances. 

....... tunnel tests (i.e., rotary or translational models), the main Articulation angles were accomplished by changing pre- 

.......... point is that such effects are not important for the problem drilled floor plates. The models were placed on the balance 
at hand. For example, Buning and Beauvais have shown blocks, tightened down with hold-down screws, and all 
in Ref. 28 that transient aerodynamic forces: 1) only come holes taped over. The tunnel was then manually brought 

to the fore at very large sideslip angles (e.g., 75 deg); 2) up to specified dynamic pressure, relative wind angle was 
are over within three vehicle lengths (e.g., half a second set, and data were taken. The relative wind angle (w) was 

............. at 60 mph); and 3) affect mainly the yaw moment, in the varied according to the following yaw schedule: 
............. expected manner. In all other cases that Ref. 28 examined, 

0, -- 5, -- 2; 0, + 2’ + 5, + 10’ + 15, 
the "transient" data duplicated the steady data to within 

+ 20, +25, + 30, + 35, +40, +45, 0 degrees 
5 percent. The real point is that such effects are at higher 
frequency (i.e., more rapid) than the crucial driver/vehicle 
directional motions and control activity occurring below VEHICLE MODELS 
~ to 1 Hz. 

Nonrotating Wheels. Though of some importance in Ten vehicle metric models were used in the wind tunnel 
high speed, open wheel race cars with wide tires, past tests. These were 1/10 scale models constructed from 
studies have repeatedly shown this to be a very minor hardwood and urethane foam, with aluminum internal 
effect with typical passenger vehicles (e.g., Ref. 23). mounting pieces. Photos of the ten vehicles are presented 

Other Wind Tunnel Effects. These include flow angu- in Figures 4 through 13. 
..... larity and streamline curvature, due to presence of tunnel As discussed, the purpose of the tests was primarily to 

...... walls; buoyancy effects, due to axial static pressure gra- determine the influence of overall body shape on lateral 
dients; and flow nonstationarity due to separation and aerodynamic properties of the combination vehicles. Spe- 
reattachment phenomena. These were relatively small in cific makes and models were not being assessed as much 
the current experiments, and various calibration, correc- as generic shapes and forms. Therefore, minor body de- 
tion, and measurement techniques were applied. 

Note that in the current experiments---since vehicle 
differential effects were emphasized--minor discrepancies 
in the absolute values of aerodynamic characteristics;due 

to the above factors, were of little consequence and would 
not affect the ordering of differences. 

Test Method 
The experiments were conducted at the Northrop Air~ 

craft Low Speed Wind Tunnel in Hawthorne, California, 
This facility was selected for its large yaw table needed 
for the adjacent truck studies. The Northrop tunnel is a 
continuous flow type driven by a single six-bladed pro, 
pellet with a power capacity at 3600 hp, The test section 
is 7 ft high by 10 ft wide (rectangular cross section) and 
is approximately 20 ft long. A full width yaw table, 10 
ft in diameter, is mounted in the tunnel floor. Figure 4. Compact hatchback mode~ (C). 
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Figure 5. Sedan model (F1). 

Figure 8. Bosy 5 x 8 utility trailer model (AVl). 

Figure 9. 5 x 8 utility trailer mode~ with rounded vertical 
corners (AV3), 

Figure & Station wagon model (F2). 

Figure !0. 5 x 8 utility trailer model with rounded corners 
Figure 7. Pickup/camper model (P). and nose cone (AV4). 
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tails--such as chrome trim strips, exposed windshield 
wipers, radiators and internal flow which could have a 

minor effect on drag--were not modeled. Somewhat 
larger features such as mirrors, bumpers, window insets, 
and underbody elements were modeled, as these could 
have small influences on the planform flow. 

Several of the vehicles were of variable configuration 
and this aided in test et~ciency and comparison between 
configurations. The station wagon was simulated by add- 

ing a shaped "wagon back" block to the aft of the sedan. 
Similarly the various 5 × 8 utility trailer configurations 
were obtained by changing top and front surfaces, etc., 
via interchangeable "blocks." The three utility trailer 
models obtained were: 

Figure tl. Smal~ travel trailer model (K), with tow vehicle C. AVI: Basic 5 X 8 trailer with 
...... -- square corners and 

-- rounded top 
AV3: Basic 5 X 8 trailer with 

-- 6 in. radius vertical leading edges 
-- flat top, gutter around edge, no nose cone 

AV4: Same as AV3, plus nose cone 

The wheels, fenders, and tongue were unchanged as the 
configuration varied. 

The underbody detail of the utility trailer model is 
pictured in Figure 14. It consists of crossmembers and 
aluminum shapes to represent the springs. The hole at 
the back of the model was provided for the balance struts 
on this short model only. 

The tires for all models had short "flats" on their 
bottoms; and they were adjusted for ~ in. clearance be- 
tween the tire and ground plane in each test run to ensure 
that all forces and moments were carried through the 
instrumented mounting strut. 

Figure 12. Streamlined travel trailer model (S), with tow Tow vehicle/trailer articulation angle was varied by 
vehicle C. using different trailer/ground plane mounting or "posi, 

tion" plates. These were constructed so that the trailer 

would rotate about a center of rotation located at the 
imaginary hitch point. 

Figure 13. Large travel trailer model with tow vehicle FI. Figure 14! View of underbody detai~ on utility trailer model. 
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Figure 15. Balance, balance block, and strut. 

Each metric model was mounted to the strain gauge 
balance via a balance block, as shown in Figure 15. In 

Figure 16. Model of COE 6 x 4 tractor with 40 ft van used 
as adjacent truck, with combination vehicle C/K. 

turn, the balance itself was supported by a strut which 
fit into a recess in the ground plane. The balance sensed 
5 component forces and moments, and cables transmitted 
the resulting signals to the data acquisition and reduction , Test repeatability, including flow hysteresis, and the 
system for processing and ptotted output, effects of: 

A series of tests were also run with an adjacent, non- -- Airspeed (i.e., Reynolds number), 
metric truck model in the tunnel, as shown in Figure 16. -- Vehicle surface roughness, and 
Fhis was a COE dual tandem tractor with 40 ft closed -- Combination vehicle articulation angle. 
van semitrailer, used in previous studies of truck aero- 

Table 7 summarizes the operating conditions tested. dynamics (e.g., Ref. 29). The objective was to measure 
the forces and moments on the combination vehicle as 
affected by the flow around the truck. ’rhe two vehicles Vehicle None Tests 
were placed as though they were in adjacent lanes (cor- Tow vehicle alone tests were run so that, later on, the 
responding to a 12 ft centerline spacing) and their relative effects of trailer presence-and various trailer config~- 
fore!aft positions were varied on successive runs (as in a rations--could be assessed. For example, the extent to 
passing maneuver). This was accomplished by varying which tow vehicle yaw moments are affected by presence 
both truck and combination vehicle longitudinal mount- of a traiter could be examined. 
ing stations on the ground plane. A similar series was run for trailers alone, for a differer,~t 

reason. Though the trailer alone case may at first souncl 

TEST CONDtT!ONS unrealistic and immaterial particularly because flow 
perposition is not theoretically valid it was desirable to 

A range of nominal and off-nominal test conditions see whether there were any coarse "rules of thumb" that 

was used to study the effects of interest. These included might apply to trailer aerodynamic characteristics, iz;- 

the effects of: dependent of tow vehicle. If this were found to be the 
case, it would be useful to trailer manufacturers, who 

. Crosswind angle (all cans) 
presumably would prefer to develop their vehicles inde- 

, Operating conditions (e.g., vehicle and wind speed) pendently from tow vehicle considerations. In fact, such 
, Tow vehicle or trailer alone "superposability" was found to exist in most cases, as 
~ Tow vehicle/trailer combinations discussed in the next section. 
~ Adjacent truck 

The values of crosswind angles used were mentioned TOW Vehicle/Trailer Combinations 
above. The largest angle (45 deg) corresponds to a 50 
mph crosswind gust being encountered at a vehicle speed The tested combinations are shown in Table 8. As seen. 

of 50 mph. not all possible combinations were run; instead, emphasis 

The other test conditions are described below, was placed on those combinations which would have 
higher frequency of occurrence in the real world, or which 
were otherwise technically interesting (e.g., a "sleek" tow 

£ensitivity to Operating Conditions vehicle/trailer, such as C/S). 
A series of tests examining various operating conditions The baseline vehicle for many of the sensitivity runs 

looked at: was the midsize tow vehicle/trailer combination, F2/S. 
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Table 7. Summary of operating conditions examined in experiments. 

Operating vadable Values or Conditions Used 

Crosswind angle 0, -+2, -+5, +10, +15, +20, +25, +30, +40, +45, 0 degrees (nominal) 

Articulation angle 0, -+ 8 degrees (-+ 2, -- 4, - 16 degrees also used) 

Same configuration tested twice, 5 hours apart 
Repeatability/hysteresis Hysteresis check: 0, +5, 0, -5, -10, -15, -20, -25, -30, -35, -40, -35, -30, 

-25, -20, - 15, - 10, -5, 0 degrees crosswind angle 

Reynolds number q = 20, 60, 100, 140 psf (for cleanest configuration, C/S) 

............ Vehicle surface roughness Tufts on tow vehicle rear window and trunk lid, trailer front face. 
1 / 16 x 1 / 16 in. transverse balsa strips placed full width of vehicle, at base of windshield 

...... (detail) 
and rear window. 

Table 8. Matrix of combination vehicles tested. 

~ Trailer 
Tow ~ 

None AV1 AV3 AV4 K         S T 

vehicle’,,~ 
None -- 72 75 74 81 130 .......... 132 

C 152* 163 162 161 106 

F1 34 43 55 44 40 105     l 83 112 

F2          35          42 
: Baseline 

P 1 !53 ’1. - 1 - - - 110 

*Run number. 

Adjacent Truck metric vehicles and non-metric truck model. These were 
chosen to emphasize bow and gap flow effects, and aiso 

Previous FHWA research in Refs. 29-31 examined in 
wake flow interaction. 

detail the disturbances caused by adjacent trucks and 
On certain runs, the combination vehicle articulation 

buses, mostly on single passenger vehicles. This included 
angle was also varied in truck proximity to determine 

the effects of truck geometry, size, vehicle lateral sepa- 
whether "aerodynamic camber" created additional suc- 

ration, truck gap size, crosswind angle, fore/aft relative 
tion or reptflsion relative to the side of the t~.~ck van, for 

positions, etc. The current tests sought to expand this 
example. 

data base in one other direction, namely by focusing on 
combination vehicles and the relative sensitivities of var- 
ious vehicle and trailer shapes and sizes to truck-induced AERODYNAMIG MEASUF~ES 
disturbances. 

As a gross generality, the previous FHWA and other The experimental data obtained comprised the 6 acre- 
research showed that the main effect of the disturbing dynamic forces and moments for each vehicle, as a func- 
truck is to create a "bow wave" of lateral moving air near 
the cab face, and a secondary gap flow coming through 
the space between the cab and van. Of course, the worst 
case is when the passing vehicle is "downwind" of the 
truck in a crosswind situation. As the passing vehicle 
encounters these two crossflow jets, the vehicle undergoes 
yaw disturbances which may lead to driver/vehicle con- 
trol oscillations and degraded control. In the combination 

vehicle case, the parameters of interest are the relative ......... 
sizes and spacings of tow vehicle and trailer relative to 
the truck cab and gap. In general, the presence of the 

trailer leads to additional yaw disturbances on the tow 
vehicle as the trailer also encounters the truck jets. Figure 17. Model relative positions for adiacent truck e×- 

Figure 17 shows the relative fore/aft position used for periments. 
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X~ X~ 
Cxl = ~ C~z = 

qA~ qA2 

A// ~uenfh’ies pos#ive ~s drewn 
Y2 

Cy~ = qA~’ q = Free stream dynamic pressure CYz = qAz 

Z~ 
A~, Az = Reference frontal ~re~ of vehicles 

Z2 
Cz~ = ’qA{’ oi ~f mid whee~ base, m~d frock,ground Czz = qA2 

plane leve~ 

02 of trailer axle cenferline,mid frock,                L2 
C~ = qA~            ground p{ene {evet                      C~2 = qA2t2 

Vehicle sfefic p~fch end roll ~ffifude                   M z 
Cm~ 

= qA~{             nominally zero                         Cruz = qA2~z 

Balances lie i~ vehicle plane of symmetry, 
N~ with zero pitch end roll effifude Nz 

Cn~ = qA{£~ Cn2 = qA2~2 

F~gure 18. Definition of aerodynamic reference centers, axis systems, reference dimensions, and sign conventions. 

tion of crosswind angle. These were reduced to , Effects of Operating Conditions 
corresponding aerodynamic coefficients for purposes of o Effects of Vehicle Design and Hookup Practice 

plotting, analysis and comparison between vehicles; and 
The interpreted results presented herein are necessarily 

for direct comparisons between the mode! and full scale 
brief and, owing to premature termination of this work, 

situations, the crucia! parameters with regard to trailer stability have 
Figure 18 defines the vehicle geometry; axis systems, 

nomenclature and aerodynamic coefficient definitions. All 
yet to be determined. Nevertheless, a recent exploratory 
study in this area was accomplished and is reported in 

data were tabulated and plotted in these axis systems, 
Ref. 32. Some of the results of the Ref. 32 study of small 

which are fixed relative to the metric vehicles. All quan- 
tities have positive signs as drawn, 

utility trailer aerodynamic sensitivity are mentioned here, 
as a point of departure. 

With regard to the relative wind angle (i.e., the angle It has been shown in Ref. 32 and elsewhere that stream- 
between the vehicle centerline and the wind) and the 
articulation angle (angle between trailer and tow car), 

lining of towed trailers can substantially reduce aerody- 

Figure t9 shows positive values for these quantities, 
namic drag. At the same tirne, this is also accompanied 

Table 9 defines the reference dimensions for each of 
by substantial increases in aerodynamic side force and 

the metric models. Note that 2 is measured from the 
yaw moment acting on the box in crosswinds. Using a 
vehicle dynamic simulation, Ref. 32 showed that, for 

trailer axle centerline, or the midpoint between the two 
axles for tandem axle trailers, 

sma!l trailers, the net effect of this was mainly 

, To increase the critical, mid frequency, yawing motion 

RESULTS OF EXPERIMENTS of the tow vehicle, 

which tends to degrade driver control. Previous results 
This section presents results of" the wind tunnel meas- (e.g., Ref". 1) have suggested that such disturbance motio~s 

urement of combination vehicle aerodynamic properties, can be large enough to cause the driver to make sub- 
pertinent to studies of: stantia! steering corrections, which in turn can lead to 
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trailer due to a crosswind gust is directty proportional to 
WIND 

the trailer side force data (Cy2), i.e., 

Vow On the other hand, the rollover potential of a given 
1 Table 

I 
trailer is related to both the aerodynamic rolling moment 
and the trailer lift force measured in the current data. 

Tow Note that the above observations only consider the 
Car 

Trailer steady state and instantaneous extremes of the crosswind 
input (very low and very high frequencies), and do not 
consider the mid-frequency effects important for driver 
control. The mid-frequency response is determined by the 
complicated interaction between aerodynamic, inertial, 

...... // i tire and suspension effects; and a study of these inter- 

/ 
~ actions--using a suitable dynamic mode1, such as was 

begun under this studywis beyond the scope of this re- 

i 
port. 

Tow Car 
In summary, the following points are made with regard 

CL 
to the measured aerodynamic data: 

W ind ® The trailer-induced yaw disturbance acting on the 
Tunnel 

~ tow vehicle is proportional to the trailer yaw moment 

coefficient, C,2. 

Figure 19. Positive values for relative wind and articulation , The instantaneous lateral acceleration of the trailer 
angle, when encountering a crosswind is proportional to 

the trailer side force coefficient, Cy2. 

, The overturning tendency of the trailer in a steady 

!ass of control in the closed loop driver/vehicle/trailer 
crosswind is proportional to a weighted sum of trailer 

system. The key point is that the stability of the car/ 
rolling moment and vertical force coefficients, C2 and 

trailer system itself is not substantially changed by trailer 
(still air) aerodynamics, but rather the trailer--and in 
particular some streamlined trailers---can increase the dis- 
turbance forces acting on the tow vehicle in a crosswind. 

This leads to a grossly simplified way of looking at the Table 9. Wind tunnel model reference data. 

current wind tunnel test data, as a starting point. From 
~ ~ ~~ Balance center 

the standpoint of the tow vehicle, the disturbance forces 
TOW I x-Coordinate* caused by the trailer are limited to those acting on the vehicle g~ t~ 

A(A~)ft [ (ft)~ hitch hall. In reality, these comprise a whole list of forces, model (it) (It) (in.) 
such as longitudinal, lateral, and vertical forces due to C 0.874 0.491 0.208 I -o.oo4 I -o.05 
trailer accelerations and direct crosswind force transfer. F1 0,880 0,492 0,200 I --0,118 I --1.41 

F2 0,880 0,492 0,200 I --0,118 I --1,41 Under steady state, straight ahead conditions, the dam- 
_ P ._ 1,18~ 0~:54_ 4__. --2.13 

inant yaw-inducing force on the hitch can be said to be * For tOW vehicle balance center, y-coordinate is 0,0 ft; z-coordinate is 
due to the trailer aerodynamic yaw moment with respect 
to the trailer axle. Since this is the reference point used 
in the current data (see Fig. 18), the steady state side ~ ~ ~ 

Balance center 
force on the hitch ball due to the crosswind is merely Trailer g 2 t2 A~ x-Coordinate** 

model (ft) (ft) (~) 
~ 

(in) 
Cn~ qS2 

AV1 0,782 0,597 0,325 ~0,053 I 0,63 
0,782 0.597 0,328 0.053! 0.63 

In other words, some appreciation for the trailer-induced 
AAi43 

0.782 0.597 0.328 0.053 ] 0.63 
yaw disturbance acting on the tow vehicle can be obtained 1,000 0,607 0,475 0.123 I 1,47 

by looking at the trailer yaw moment data (Cn2). 

TS 

1.370 0.622 0.575 0.487 I 5.84 
1.458_ 0.67_5 0.67 4 8.98 

Also, the instantaneous side-to.side acceleration of the **For trailer balance center, y-coordinate is 0.0 ft; z-coordinate is --0.298 ft. 
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Effects of Operating Conditions initially laminar, but separate and become turbulent as 

As described previously, several areas were examined speed increases. This transition is Reynolds number de- 

which are rnore or less independent of vehicle configu- 
pendent [occurring at about Ro = 0.5(10)6]. However, 

ration. These included: with typical real ground vehicles at real highway speeds, 
the Reynolds number is about ten times this value, and 

, Repeatability and hysteresis so the flow always involves turbulent, separated flow with 
¯ Total airspeed large wakes. The only time Reynolds number (or, in other 
¯ Vehicle surface roughness (level of detail) words, V2 proportionality) becomes an issue is when the 

These are described below, referring to the p!ots in the real flow is being simulated in a wind tunnel. 

Appendix (for lateral data) and (for longitudinal data). To test whether any non-speed-squared effects were 

Repeatability and Hysteresis. Plot 1 in Appendix shows present, a range of dynamic pressures were examined, 

aerodynamic data for the sedan with body utility trailer using the most sensitive vehicle combination (i.e., the 

(F1/AVt) taken on two separate runs. The lateral data smooth hatchback/streamline trailer, C/S): The following 

show excellent-nearly identical--agreement for both range of speeds was used: 

tow car and trailer data between the two runs. 
The longitudinal data are less repeatable-particularly e Ro V 

in car vertical force--though still quite good. Checking (ps0 (106 ft-~) (ft/sec) 
the vertica! force and pitching moment sensor resolution 20. 0.8 132. 
and noise levels shows that the basic resolution band 62. 1.4 233. 
(± lo) is about one plotting symbol wide. This is about 102. 1.8 300. 

the same as the variation in the C~, data between the two !41. 2.1 351. 

runs. Other differences around zero yaw angle, associated 
with the large drag peak, may be related to nonstationary 

The results are shown in Plot 3. The lateral data show 
flow~ 

virtually no sensitivity to Reynolds number across this 
Hysteresis is examined in Plot 2 for the station wagon 

with streamlined travel trailer (F2/S). Almost no hyster- 
wide range. So the lateral results reported in the bulk of 

esis is detectable in any of the data at nominal yaw angles, 
the data apply directly to full scale. Furthermore, in full 
scale all speed effects can be modeled as q-dependent, via 

The only hint of hysteresis is at 30 degrees yaw angle in 
the trailer drag data, and reflected also in the side force 

Eqs. 2 and 3. 

and roll moment data. From the shape of the curves this 
The longitutinal data--particularly those of the 

trailer--show some very modest differences between the 
is probably related to stall of the planform flow, and 

lowest and highest Reynolds number runs. These are 
associated shifts in the backside separation point with 
ascending and descending yaw angle. Though of small 

small enough so that useful inter-vehicle comparisons can 

magnitude, it is remotely conceivable this could excite 
stilt be made. 

Most of the remainder of the test runs were performed 
limit cycle trailer swing behavior at large crosswind ano 

at the highest dynamic pressure of 140 psf, which is closest 
gles, and could be studied via simulation. 

to the full scale Reynolds number of about 5(10)6. 
Total Airspeed. It is well known that the aerodynamic 

Vehicle Surface Roughness. As shown in Fig. 20, some 
forces acting on a body are directly proportional to the 

tufts and disturbance strips were added to surfaces of the 
square of the relative airspeed or, in other words, pro- 

sedan and boxy trailer. This was done for a threefold 
portional to the dynamic pressure                       purpose, namely: 

1 o For flow visualization. 
q = ~ ~V~ , To confirm that omission of minor modeling details 

(such as windshield wipers) and generally low flow 
where                                                 turbulence did not affect the measurements. 

q = Dynamic pressure , To attempt to uncover the mechanism causing the 

p = Air density large drag cusp near zero yaw, as seen in the longi- 

V = Relative or tota! airspeed = tudinal data. 

The results are shown in Plots 4 and 5. Once again the 
Uo = Vehicle speed lateral data show no sensitivity to either tufting or rough- 
Ug = Headwind speed ness elements. The longitudinal data show little sensitivity 

Vg = Crosswind speed to tufting, and a moderate reductior~ of the sharp lift and 
drag cusps in the car data. This suggests that the latter 

This speed-squared proportionality holds true to a very may partly be artifices of model smoothness and vortex 
high degree, except when large parts of the flow are flow. The overall drag and lift curves are unaffected. 
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¯ Articulation angle 

¯ Truck proximity 

Trailer Shape. A key area of interest at the outset of 

this study was the influence of trailer box shape and layout 

on crosswind sensitivity. Figure 21a and b (Plot 6) shows 

trailer aerodynamic characteristics for four different trail- 

ers being towed by the hatchback car. Note that among 

the trailers the only systematic shape change is between 

AV 1 and AV4, these being very similar except for fairing 

details. Trailers K and S are of different size as well as 

shape. The lateral data show several interesting trends. 

The side forces on the trailers (normalized by frontal area) 

are strikingly similar, except for the boxy utility trailer, 

which has lower side force at larger yaw angles. This 

could be due to larger backside separation regions, 
Figure 20. View of tufts and roughness strips added to com- whereas the smoother or finer (longer) trailers may have 

bination vehicle F1/AV1. 
more back coruer "vacuum" because of less separation. 

A similar trend is evident in the roll moment data. How- 

ever, here there is some evidence that the rounded Ion- 

Effects of Vehicle Shape, Configuration, and gitudinal edges on the streamlined trailer S give some 

Combination advantage, in that it has slightly less overturning mo- 

mentmthough it is higher and largermthan the more 
This article discusses the influence of configuration on 

the aerodynamic characteristics of combination vehicles, 
angular K trailer. (This is clearer in some subsequent 

In particular, this describes the effects off 
data.) The yaw moment data show a wide spread in 

characteristics, and, as discussed, this seems to be one of 

¯ Trailer shape the more crucial characteristics for handling. Generally 

. Tow car shape speaking, the rounded nose trailers show substantially 

CY2 CL2                              CN2 

-40 -30 -20 -10 

-40 -30 -20 10 -40 -30 _ !:~,~’~ 1~0 0 

",’,~w 

1.6. . ¯ 4- 

-2.4. 1.2" 

-3.2" 1.6" ,8’ 

2.0’ ! .0" 

2.4- 1.2- 

SYM RUN CONFIG 

~ 106 C/K !41.43 2.1 

O 160 C!S 141.76 2.1 -2"8° 1.4- 
I-1 163 C AVI 141.58 2.1 
~ 161 C/~,V4 141.01 2.1 

-3.2" 1.6 

Figure 21a. Effects of various hatchback/trailer combinations on trailer lateral characteristics. 
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SYM RUN CONFIG 
I06    C/K      141,43 2.1 

.1 
O 160 C/S 141,76 2,1 
[3 163 CiAVl 141.58 2.1 1.0. 

0                                                                                                                                ~ 161 CIAV4 141~01 2.1 

40 - 30 20 ~0 0 
.9- 

4 YAW 

CX2                              CZ2 

!.0’ 

1.2’ 

,8,                                               1.~ 

1 

1.8’ 

40    -30    -20    -10 
1.0                                              -2.0 

Figure 21b. Effect of various hatchback/trailer combinations on trailer longitudinal characteristics. 

higher yaw moments than similar sized angular trailers, the trailer drag increases substantially at crosswind angles 

This is partly due to their higher stall angle (30 deg versus of 20 or 30 deg, typical of single, blunt bodies whereas 

10 to 20 deg) and is probably again related to greater for combinations, drag stays about constant. Overall, for 

suction at the front downwind comer, this relatively "sleek" contemporary hatchback car, the 

The trailer longitudinal data are not surprising. The presence of the tow vehicle has surprisingly little effect 

drag coet~cient varies by a factor of 2 to 1 between the on the trailer aerodynamic forces and moments. The dy- 

boxy utility trailer AV 1 and the streamlined travel trailer namic pressure prevailing at the trailer could be said to 

(although these must be multiplied by frontal area to get be 90 percent or more of its freestream value (with the 

actual drag force). The drag stays relatively constant with exception of the high crosswind angle drag case). 

crosswind angle, except for the noseconed utility trailer Of course, as the tow vehicle becomes larger and less 

AV4, which has substantially less drag at high crosswind streamlined, this situation changes, and the trailer 

angles, crates in increasingly "dead" air behind the tow vehicle. 

These data can be compared with the trailer alone data As would be expected, the trailer shape differences be- 

of Plot 27. As seen in the lateral data, absence of the tow come less and less important in such a situation, and the 

vehicle results in only slightly higher (e.g., 10 percent) magnitude of the forces also diminishes. This is shown 

coefficients in most cases, and very similar curve shapes. ~n Plots 7 and 8, which compare the S and T trailers 

The prominent exception is the boxy utility trailer AV1, being towed by the wagon (F2) versus the pickup (P). 

which for crosswind angles less than 30 deg--without a Especially in the case of drag, the pickup shows a smaller 

tow vehicle--shows a reversal of yaw moment coefficient difference between the rounded and angular trailers and 

(giving a weathercock tendency). This is not unexpected a factor of 3 reduction in trailer drag. (Of course, this is 

and is the classical result reported elsewhere for rectan- compensated by a large increase in tow vehicle drag.) The 

gular solids (Adding a tow vehicle wake makes this vehicle prevailing dynamic pressure for the trailer could be said 

behave like the other, typical "blunt body" trailers.). The to be around 25 percent of freestream. So, to a very good 

longitudinal data similarly show very little differences, approximation, with some exceptions, 

with and without tow vehicle, for the straight-ahead con- o Wind tunnel measurements performed on single 

ditiom The main difference is that without a tow vehicle, trailers alone can provide useful quantitative infor- 
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designer’s standpoint would be by side area and b~x 

Is * "so ae~ 
mensions. This would help answer the question: 

~’.0 f = Frontal Area 

t: /,w,::, Votume = S=W x[~. ~.s       ; Side                                   ¯ Given a certain side area, what shape characteristics 
/ /S~e,~er soay              can help improve lateral aerodynamics? 

~ 
Rectangular Solids / / Theory 

.~ 
..~,h} ,--~ This normalization has been performed in Figure 22, 

~. ~.o 
~ ,/ which shows drag coefficient (relative to frontal area), 

c2olu3o oli[[3.’/ /F SubcrilicolSupercrifical side force coefficient (relative to side area), and yaw mo- 
a ment coefficient (relative to box volume and volume cen- 

............ ~~(Hoe,ner} troid) for trailers alone. These are plotted for a 30 deg 
%,~ ,s LO 5 ~0 SO yaw angle as a function of body fineness ratio, defmed as 

~.o the ratio of length to height. Besides the six trailers shown, 
Rec,on~.10r So,ds (So,h~ other reference bodies are shown for comparison. 
on Ground Plane              The data show that trailer type bodies bear a close 

relationship to other ground and airborne body shapes, 
when properly normalized. In terms of drag, they lie a 

~ ~Unp~shed~ little below the rectangular solids reported by Barth (Ref. 
.~ 33) and the tractor-trailer trucks measured by Weir, et 
"~ Sphere 

Ellipsoids 

~ (Hoerner) Slender ~ody al. (Ref. 29); and at somewhat higher drag than predicted 
Theory 

o .... ’ .... ~ ........ ’ , , , ,. by slender body theory and ellipsoidal shapes (e.g., Ref. 
o.~ .s ~.o s ~o ~o 35). The trailer drag coefficients range from a high of 

............. t.o about 0.9 for the boxy utility trailer (AV1), followed by: 
= 1= the slightly rounded utility trailer (AV3); the two "chisel- 

~ nosed" travelers (K, T); the noseconed utility (AV4); and 

~ ~ Slender Bo~ / the most streamlined travel trailer (S), having a drag 
~ .5 Theory ~ / coefficient under 0.45. This suggests the range of drag 

= ~ / 
coefficients that can be practically obtained via body 

.......... ~ oc~ ,/" shape. 

= o = ~                        The sideforce data show the trailers to be generally 
o . . . , .... ,=~’~, , ~ .... ~ , , , , closer to the rectangular solid shapes, as expected. The 
o.~ .5 ~.o s ~o 5o 

one exception is the streamlined trailer S, which is closer 
Fineness Ratio (~/h) 

to the ellipsoids and airship shapes (e.g., Ref. 36)..An 

Figure22. Comparison ofaerodynamicdrag, side force, and interesting point is the vast difference between the 

yaw moment of various bodies at 30 degrees noseconed vehicle (AV4) and the streamliner. Tlhe much 
crosswind angle, lower side force for the latter is probably due to the 

rounded longitudinal corners (cross-section streamlining). 
On the other side, the extreme nose rounding and sharp 
longitudinal comers of AV4 magnify its side force sen- 

marion applicable to their characteristics when being 
sitivity. 

towed behind contemporary passenger cars. 
The yaw moment data, taken about the center of vol- 

Other trailer shape effects are shown in Plots 9, 10, ume, show the trailers to be in good agreement with 
and 11 for the utility trailer variations. These support the slender body theory; that is, the longer the vehicle, the 
observation that adding rounded vertical corners and greater the antiweathercock yaw moment about the box 
nosecone can result in increases as large as 50 percent in center. As expected, the trailers with rounded noses give 
side force and 100 percent in yaw and roll moment at higher yaw moments, while the boxy and chisel shapes 
large crosswind angles. The change in trailer yaw moment are lower. The verified relation to the volume centroid 
seems partly due to rounded corners, while the changes in the last plot suggests that: 
in side force and roll moment seem to mainly be due to 

¯ The location of the volume centroid of the box is an 
the nosecone addition. 

important parameter for yaw sensitivity of the trailer 
All the above data show very small effect of trailer and therefore the car/trailer combination. 

shape on tow vehicles forces and moments, with the pos- 
sible exception of tow vehicle drag. Obviously, if the box center could be moved aft relative 

A final comparison of trailer shape effects is presented to the axle, more of the lateral aerodynamic forces would 
in Figure 22. As noted, the previous lateral data have be reacted by the trailer tires, and less by the tow vehicle, 
been normalized by frontal area, hitch-to-axle distance, which is the desirable trend. Of course, this may be in 
and wheel track. A more pertinent normalization from a conflict with the trailer weight distribution requirements. 
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Also, it needs to be borne in mind that a substantial part 

of the yaw moment on these vehicles can be caused by ,o ~oo 

fore/aft pressure differentials (i.e., drag) acting out of the \ 

of symmetry, as opposed to slender body effects. ~o \,&___ plane 
7bw Vehicle Shape. Tow vehicle shape has already been 

mentioned in regard to its effects on trailer aerodynamic 
~oo 

for~ The tow vehicle itself, of course, represents another 

disturbance input source, expressed in terms of its lateral 

aerodynamic characteristics. These are shown for the four o ..... ,v,/q~ ~o 

tested tow vehicles alone in Plot 12. 
:o ,v, 

The lateral data show the expected trends with body o 
shape, with the streamlined hatchback having the lowest 

Alone 

side force and greatest adverse yaw moment sensitivity. 

For the more flatsided and weathercock shapes, the ex- 

pected trend away from this shows up, and the pickup/ 

camper gives into the wind yaw moments. The extremely 

large roll moment of the pickup/camper is also noted. In ao ~o~ 

general, the tow vehicles show yaw moment stall around 
\ 

25 deg and no side force stall up to 40 deg, in some 

contrast to the trailer shapes. 

The longitudinal data are remarkable, with typical drag 

"buckets" being shown by all vehicles. The drag varies 
~o -~oo 

over a range of 2 to t, like the trailers, though the tow 

vehicles are at generally lower values because of higher 

fineness. The pickup/camper shows a large nose up pitch 

moment (due to drag), which conceivably could affect its o 

high speed handling, expecially when coupled to a large 

trailer. 

Other effects of different tow car shapes are shown in 
~o~ 

Plots 13, 14, 15, !6, 17, 18, 19, and 20. These again 
Figure 23. Comparison of trailer yaw and side force cross- 

confirm that: wind sensitives. 

¯ Lateral tow car and trailer characteristics are rela- 

tively unaffected by the presence of the other vehicle, 

except for the case of large high drag tow car, which 

can reduce the lateral aerodynamic forces acting on considers the large pickup/camper. (Also, the most 

the trailer, streamlined trailer, S, seems to show some sensitivity to 

, There can be a relatively strong interaction between tow car shape.) Otherwise, the rank ordering of the trail- 

tow car and trailer drag, each one being reduced ers shows interesting trends. In terms of side force area, 

somewhat by the presence of the other; and the drag the nosecone utility trailer is substantially more sensitive 

on the total vehicle being greater than the drag on than the boxy utility trailer, with the rounded trailer lying 

either one, and less than the sum of the two. between these. On the other hand, the most streamlined 
travel trailer is fairly close to the smaller chisel shaped 

The lateral aerodynamic characteristics of the six trail- 
travel trailer, though its side area is substantially larger. 

ers, as affected by the four tow vehicles, at 30 deg 
This underlines the effectiveness of rounded cross sec- 

crosswind angle, are summarized in Figure 23. These have 
tions, and the adverse effects of rounded planforms. The 

been plotted in terms of the "side force effective area" 
latter is brought out even more dramatically in the hitch 

(defined as the side force divided by dynamic pressure 

or, in other words, the side force coefficient times the 
force area data, where the rounded planforms result in 

side area); and the "hitch force effective area" (defined 
larger hitch forces than squarer bodies of similar or even 

as the yaw moment divided by dynamic pressure and 
larger side area. 

hitch-to-axle distance). The former is an indication of the 
Articulation Angle. The effects of articulation angle on 

combination vehicle aerodynamics are shown in Plots 21, 
side-to-side accelerating force acting on a trailer due to 

22, 23, 24, and 25. For the trailer lateral data these gen- 
gusting; the latter indicates the hitch side force acting on 

the car, due to gusts hitting the trailer, 
erally show that: 

As clearly shown, the presence or shape of the tow car ¯ Articulation angle changes are similar in effect to 

has little effect on these trailer characteristics, until one crosswind angle changes. 
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¯ When the sum of articulation and crosswind angles A large data base of aerodynamic characteristics was 
is large enough to produce stall (around 30 deg), generated for these contemporary vehicles, comprising 6 

articulation angle changes have little effect, force and moment coefficients as a function of crosswind 

The effect of articulation angle on tow vehicle lateral 
angle. The effects of airspeed, articulation angle, trailer 

aerodynamics is relatively small, though perhaps notice- 
and tow vehicle shape, surface roughness, and truck prox- 

able with the large "tail area" vehicles such as the pickup 
imity were quantified. 

The program, which was to be followed up with corn- 
camper, 

puter simulation and full scale tests phases to uncover 
A further analysis showed that, for at least one com- 

bination vehicle (F1/AV1), the trailer side force coeffi- 
basic problem areas, was curtailed after the wind tunnel 

....... experiments, because of Governmentwide fiscal cuts at 
............. cient was 40 percent "stiffer" due to articulation angle 

that time. 
changes than due to crosswind angle changes, This may 

General Findings. The following are preliminary ob- 
be due to aerodynamic camber effects, 

servations and trends substantiated by these data: 
The longitudinal data showed only modest (and not 

highly organized) changes in tow vehicle and trailer drag . To a very good approximation, the aerodynamic 
with articulation angle changes, characteristics of a typical utility or travel trailer in 

The full implications of these effects on combination tow are accurately represented by the characteristics 
vehicle stability are yet to be uncovered, of the trailer by itself. With some exceptions (ex- 

Track Proximity. The subject of truck/combination ve- tremely sharp edged or streamlined vehicles), it 
hicle aerodynamic interaction is a complex one, and one seems reasonable and useful for trailer manufacturers 
which should be treated via appropriate dynamic simu- to perform trailer alone wind tunnel measurements 
lation. The data presented in this report are voluminous during vehicle development. 
and have not been examined in detail with regard to the o Contemporary passenger vehicles are aerodynami- 

effects of vehicle shape and size. Casual examination con- cally clean enough that their presence does not 
firms the presence of truck bow wave and gap flows greatly alter the flow and forces on the trailer, with 
resulting in large forces and moments on both tow vehicle the occasional exception of drag. Of course larger, 
and trailer, which are also dependent on relative longi- body RV type tow vehicles reduce all the aerodyn- 
tudinal position. Of course, for straight-ahead (no amic forces and moments on the trailer and tend to 

......... crosswind) conditions there is a repulsion force between reduce inter-trailer differences. 
truck and trailer when the trailer is alongside the gap; . A good appreciation for the effects of shape on trailer 

and there is a small suction force between the van and aerodynamics can be gained by referring to the clas- 
trailer toward the aft of the rig. sical aeronautical shapes and extent data. The latter 

Regarding articulation angle effects in truck proximity, accurately bound the forces and moments acting on 
Plot 26 and other similar data show that articulation angle real trailers at large crosswind angles, when the 

has little effect toward the rear of the truck, and somewhat proper normalizing dimensions are used. The best 
more effect near the gap and bow waves, as compared to set of the latter was found to be: frontal area (for 
the freestream (no truck) condition, drag), box side area (for side force), box volume (for 

yaw moment). 

CONCLUSIONS AND 
¯ Rounded front faces (in trailer planform) tend to 

RECOMM E NDATIONS 
give somewhat higher side force sensitivity and sub- 
stantially higher (up to 100 percent) yaw moment 
sensitivity, as has been shown in past aeronautical Recapitulation 
studies. 

An experimental investigation of combination vehicle ¯ Rounded longitudinal edges (i.e., rounded cross sec- 
aerodynamics, pertinent to crosswind and truck-induced tions) can result in greatly reduced side force sen- 
disturbances, was performed. The need for this work was sitivity, as is also known from past data. 
indicated by previous full scale tests which showed po- . The yaw moment sensitivity of trailers can be im- 
tential loss of control situations. Also, past accident data proved by moving the center of volurne of the box 
indicate a relatively high involvement of wind, truck blast, aft relative to the axle centerline. All other factors 
and aerodynamic disturbances in passenger vehicle/trailer remaining equal, this can result in reduced tow car 
accidents’ yaw dispersions and control difficulty in crosswinds. 

The study was accomplished via 1/10 scale model wind . The drag interaction between tow car and trailer 

tunnel measurements performed on 6 trailers and 4 tow seems to result in the total drag being less than the 

vehicles, and various combinations thereof. For some sum of the tow and greater than either one, with 
tests, a non-metric tractor trailer model was placed in the large variations within this range dependent on ve- 

flow field near the combination vehicle model, hicle shape details and interaction. 

883 



EXPERIMENTAL SAFETY VEHICLES 

Recommendations 13. Bundorf, R. T., "Directional Control Dynamics of 

Since only a cursory examination of this large data base Automobile-Travel Trailer Combinations," SAE Pa- 

c~utd be performed, and in the absence of simulation, per 670099, presented at SAE Automotive Engi- 

analysis and full scale work on this problem area, it is neering Congress, Detroit, January 1967. 

recommended that at some future date the original con- 14. Klein, Richard H. and Henry T. Szostak, Develop- 

tract objectives be again pursued. It is realized that this ment of Car/Trailer Handling and Braking Stand- 

should take place as a result of established and contem- ards. Vol. I: Executive Summary. Vol 11." Technical 

~rary accident trends, and need for problem identifi- Report for Phase I Rear Wheel Drive Tow Cars. VoL 

cation, and also recognizing that the trailer and RV I11: Appendices for Phase I. VoL 1V." Technical Report 

industry could probably make constructive use of such for Phase 11wFront Wheel Drive Tow Cars, Systems 

results. Technology, Inc., DOT HS-805 326, 327, 328, and 

The extent and depth of the current experimental data 329, November 1979. 
15. Johnston, Donald E., John W. Zellner, and Irving L. are large enough that other investigators could make more 

fruitfu! use of them than what has been possible here. Ashkenas, Handling Test Procedures for Passenger 
Cars Pulling Trailers. Vol. 1." Summary Report. Vol. 
I1." Technical Report. Vol. 111: Appendices, DOT HS- 
801 935, 936, and 937, June 1976. 

16. Anderson, Ronald James, Dynamic Handling Char- 

1. Klein, Richard H., and Jeffrey R. Hogue, Develop- acteristics of Car-Trailer Systems: Development and 

ment of Aerodynamic Disturbance Test Procedures. Validation of Mathematical Models, Queen’s Univer- 
~oI. 15r: Technical Report, DOT HS-805 079, August sity, Kingston, Ontario, Ph.D. Thesis, 1977. 

1979. 17. Klein, Richard H., and Henry T. Szostak, Effects of 

2. Zellner, John W., Aerodynamic Characteristics of Pas- Weight Distributing Hitch Torque on Car-Trailer Di- 

senger Vehicle/Trailer Combinations. Vol. 11: Tech- rectional Control and Braking, Systems Technology, 

nical Report, Unpublished, April 1982. Inc., TR-1098-1, October 1977. 
3. Jindra, F., "Tractor and Semi-Trailer Handling," Au- 18. Beauvais, F. N., "Aerodynamic Characteristics of a 

tomobit’e Engineering, October 1963, pp. 439-446. Car-Trailer Combination," SAE Paper 670100, pre- 

4. Ellis, J. R., Vehicle Dynamics, London, Business sented at Automotive Engineering Congress, Detroit, 

Books, Ltd., 1969.                                  January 1967. 
5. Kullberg, G., et al., Studies of Dynamic Driving Char-     19. Wojcik, C. K., and R. L. Mellinger, Pilot Study of 

acteristics qf Passenger Cars with Caravan Trailers, Housetrailer and Truck Camper Safety, Phase No. 2, 

Statens Vaginstitute Reports (Sweden), No, 93, 1967, UCLA-ENG-7208, December 1971. 
pp. 8-45. 20. Hutchinson, J. W., et al., Recreational Vehicle Ac- 

6~ Ellis, J. R., "The Dynamics of Vehicles During Brak- cident Investigation Study, Univ. of Kentucky, Mul- 

ing," in Symposium on Control of Vehicles During tidisciplinary Accident Study Team, DOT HS-801 
Braking and Cornering, London, Insti of Mech. 523, April 1975. 

Engrs., 1963. 21. Bellino, Joseph Paul, A Study of the Effects of Exterior 

7. Mikulcik, E. C., "The Dynamics of Tractor-Semi- Profiles of Travel-Trailers on Aerodynamic Forces. 

trailer Vehicles: The Jackknifing Problem," SAE Worcester Polytechnic Institute, Worcester, MA, 

Trans., Vol. 80, 1971, p. 154. M.S. Thesis, August 1971. 

8. Krauter, A. I., and R. K. Wilsen, "Simulation of 22. Cogotti, A., R. Buchheim, A. Garrone, and A. Kuhn, 
Tractor-Semitrailer Handling," SAE Trans., Vol. 81, "Comparison Tests Between Some Full-Scale Euro- 
1972, p. 2621. pean Automotive Wind TunnelswPininfarina Ref- 

9. Susemihl, E. A., and A. I. Krauter, "Automatic Sta- erence Car," SAE Paper 800139, presented at SAE 

bilization of Tractor Jackknifing in Tractor-Semi- Congress and Exposition, Detroit, February 1980. 
trailer Tracks," SAE Trans., Vol. 83, 1974, p. 2071. 23. Maskell, E. C., Flow Separation in Three Dimensions, 

10. Susemihl, E. A., and A. I. Krauter, "Jackknifing of Royal Aircraft Establishment, Rept. Aero 2656, No- 
Tractor-Semitrailer Trucks--Detection and Correc- vember 1955. 
tive Action." ASME J. Dynamic Systems, Mass. and 24. Het~ey, Robert K., "Aerodynamics of Passenger Ve- 
Cont., Vol. 96, Series G., No. 2, June 1974, p. 244. hicles in Close Proximity to Trucks and Buses," SAE 

11. Tobler, W. E., and A. I. Krauter, "Tractor-Semi- Paper 730235, presented at International Automotive 
trailer Dynamics: Design of the Fifth Wheel," VDS Engineering Congress, Detroit, January 1973. 

1, 1972. 25. Heffiey, Robert K., The Effects of Boundary Layer 

12. Vincent, Ro J., and A. I. Krauter, "Tractor-Semi- Properties on VVind Tunnel Forces and Moments, Sys- 
trailer Handling: A Dynamic Tractor Suspension tems Technology, Inc., WP-1016-4, March 1972. 
Model," SAE Paper 730653, 1973. 26. Cooper, K. R., "An Examination of the Effects of 

884 



SECTION 5: TECHNICAL SESSIONS 

Wind Turbulence on the Aerodynamic Drag of Ve- Vehicle Control and Performance, Systems Technol- 
hicles," in Clark Kramer and Hans-J. Gerhardt, eds., ogy, Inc., Tr-1016-1, November 1972. 

Proceedings of the 4th Colloquium on lndustrialAero. 31. Weir, David H., Richard H. Klein, and John W. 
dynamics, Aachen, FRG, June 1980, pp. 283-294. Zellner, "Crosswind Response and Stability of Car 

27. Buning, H., and F. N. Beauvais, "Wind Tunnel Can Plus Utility Trailer Combinations," SAE Paper 

Measure Actual Forces and Yaw on Car in Gust," 820137, presented at International Congress and Ex- 
SAE J., Vol. 75, No. 6, June 1967, pp. 66-70. position, Detroit, February 1982. 

28. Weir, David H., Jay F. Strange, and Robert K. Hef- 32. Barth, R., "Effect of Unsymmetrical Wind Incidence 

fley, Reduction of Adverse Aerodynamic Effects of on Aerodynamic Forces Acting on Vehicle Models 
....... Large Trucks. Vol. I." Technical Report, FHWA-RD- and Similar Bodies," SAE Paper 650136, presented 

79-84, September 1978. at International Automotive Engineering Congress, 
29. Weir, David H., Robert F. Ringland, Robert K. Hef- Detroit, January 1965. 

fley, and Irving L. Ashkenas, An Experimental and 33. Weir, D. H., C. P. Shortwell, and W. A. Johnson, 
Analytical Investigation of the Effect of Truck-In- "Dynamics of the Automobile Related to Driver Con- 

duced Aerodynamic Disturbances on Passenger Car trol," SAE Paper 680194, February 1967. 

Control and Performance, FHWA-RD-71,3, October 34. Hoerner, S. F., Fluid-Dynamic Drag; Practical 

1971. formation on Aerodynamic Drag and Hydrodynamic 

30. Weir, David H., Roger H. Hob, et al., An Experi- Resistance, published by author, 1958. 
mental and Analytical Investigation of the Effect of 35. Hoerner, S. F., and H. V. Borst, Fluid-Dynamic Lift, 

Bus-Induced Aeroclynamic Disturbances on Adjacent Hoerner Fluid Dynamics, Bricktown, NJ, 1975. 

Consideration About the Relation of Headlamp Glare and Driving 
Visibility 

HIROAKI SHINKAI, YOSHIMASA OSUMI INTRODUCTION 
Toyota Motor Corporation 

Driving visibility at. night is obtained with roadway 
lighting and vehicle headlamp. Roadway lighting brightly 

ABSTRACT illuminate the road surface and surrounding, and con- 
tribute to accident prevention. Figure 1 shows effect of 

As we often drive a car at night under the driving roadway lighting in Japan (1). Furthermore this effect 
situation that only the use of low beam in headlamps is has been reported in several countries (2) (3) (4). But, 
permitted, despite driver’s desire to use high beam, pho- installing roadway lighting to all roadways would give 
tometric improvement in the low beam is considered to adverse effect to energy and cost saving. For that reason 
be necessary in order to improve driving visibility. Most it will not be enforced. Hence headlamp performance 
drivers wish to have improved low beam which is capable becomes important to secure driving visibility at night. 
to see a far distance, while they demand not to have Headlamps are equipped with low and high beam. Pres- 
dazzling light distribution on opposing cars. A means to ently, high beam is used few times. According to our 
see a far distance is to increase the lamp intensity or an investigation, the rate of used low beam is over ninety 
upward looking lighting line. In the latter case road sur- percent on ordinary roads in Japan. According to a study 
face near the vehicle becomes dark. For that reason an in the U.S.A., seventy-five percent of drivers use low beam 
increase of lamp intensity is selected in order to see a far even in very light traffic (5). Considering that situation, 
distance. But, as we know, it is the glare that affects a single beam headlamp, with removed high beam, has 
driver’s visibility which causes an increased serious been made for a study (6). 
problem. On the other hand, at traffic conditions which require 

Hence the threshold level of the glare is examined based more than low beam, thoughtless drivers who use high 
on field tests finding a tolerable level of discomfort due beam for unsatisfactory low beam visibility annoy other 
to the dazzling and target visibility. Further, increase of drivers. If the low beam gives a proper visibility, unsat, 
visibility distance is examined when the headlamp inten- isfactory visibility and annoyance to the other drivers are 
sity is increased to threshold level of the glare. solved. A three-beam headlamp system, for supply be- 
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- 
~ 

which is subjective glare, and disability glare, which be- 
ACCIDENT FREQUENCY OF NIGHT ACCIDENTS ON ROADS EXCEPT CROSSROAD ,ATE~ = -,~ ~L~q-0~ ~-7~-c~--,,--c~,x~ comes a visual obstacle in the forward field of view. In 

this study, we experimented discomfort glare test, which ~ WITI~ ROADWAY LIGHTINGS 

answered the glare feeling, and disability glare test, which 

~ recognizes the target shape. We considered the threshold 

~ g~ ~ level of the glare from both test results. 

~ Method 

o Procedure. Location of observer and glare vehicle are 
.... ~ .... U~SAN ~U~A~ shown in Figure 2. Test was done at static condition. 

The following explains the test procedure. 

Figure 1. Accident rate at n~ght with and without roadway 
lightings. 1) Observer and glare vehicle is set at a normal aiming 

which is provided by the security and inspection 
standard in Japan. 

tween low and high beam visibility, has been studied (7) 2) Subject watches the target which moves farther 
(8) (9). away, and gives a signal when the target shape be- 

From the cases discussed so far, we consider that im- comes the threshold level of recognition. 
provement of driving visibility at night means to improve 3) Glare vehicle headlamp is changed by certain de- 
the low beam, and to increase the visibility distance, grees to a look upward position. (Glare increasing 
Therefore the low beam needs an intensity increase. But. method is increase of intensity and look upward 
increasing low beam intensity, opposing drivers suffer position. In this test, look upward was chosen.) 
discomfort due to dazzling and visual obstacle in forward 4) Subject gives a signal when the target shape becomes 
field of view. A polarized headlamp system has been unrecognizable. 
reported to be successful to reduce glare and see a far 5) At that time, illuminance of eye position (cornea 
distance (10). But it is not yet used in practice, illuminance) is measured. 

Hence, when the low beam intensity in the current 6) Subject answers discomfortability feeling a five point 
headlamp system is increased, we considered the follow- scale: 
ing: 5 unbearable 

1) What is the permitted glare level? 4 very dazzling 

2) How much is the increase of visibility distance when 3 dazzling 

the lamp intensity is increased to the permitted glare 2 a little dazzling 

level? 1 same as normal aiming condition 
7) Glare vehicle is moved to the next distance point. 

Procedures from number one to six are repeated. From 
ESTABLISHMENT OF THRESHOLD LEVEL the above procedures, cornea illuminance of threshold 
OF GLARE level of target shape recognition and evaluation value of 

Concept 
discomfortability feeling are obtained. 

Condition. The distances between observer vehicle lamp 
Glare is a temporary visual disturbance, which occurs and glare vehicle lamp are selected in the range of 50 m, 

when the eye receives more than the adaptation light. 100 m and 150 m, that they may affect glare. The lamps 

Glare has "been distinguished between discomfort glare, with the U.S. and the European beam pattern adapted 
for Japanese Industrial Standards are used as the glare 
lamps. As the target, a gray cylinder of 300 mm height, 
110 mm radius and 13 percent reflectivity is used. 10 male 

Figure 3. Forward field of view during the test. (Target is 
Figure 2. Location of test vehicles, seen in the center of the photograph.) 
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EUROPEAN BEAM PATTERN                                     o~---o ISODISCOMFORT LEVEL 

~ ~ ~O A LITTLE DAZZLI~(i) 
z ~.0 

~O 

~ ~ o.s~ 

Figure 6. Threshold level of the glare (R 1. 
DISTANCE BETWEEN LAMPS ( m ) 

Figure 4. Comparison of beam paRerns. The threshold level of the glare must be selected in the 

range that almost ~1 drivers can see targets with little 

discomfo~ability. A lower limit of 95 percent confidence 
sublets, whose visuM acuity are from 0.7 to 1.5 measured 

inte~al of ’a little dazzling’ level is select~ as l~ttle dis- 
by L~dolt ~ng, pa~icipated in this experiment, 

comfo~ability level and shown in Fibre 6. It is nearly 

equal to the ’~ - 1. ~’ of the maximum co~ea illume- 

Result and Consideration n~ce level. 

Statistically about 85 per~nt of drivers can recognise 

Comparison o>¢Beam Patte~. ~e relation of the ~s- the target at ’£ -- 1. ~’. 

tance ~tween l~ps and the maximum cornea illumi- Therefore the ’~ - 1. ~’ of maximum co~ea illumi- 

n~ for the shape r~ognition of the target, is shown nance level is adopted as the thr~hold level of the glare. 

in Figure 4 by the U.S. and the Europe~ be~ patte~s. The Relation among Opposing Fehicle Position. Cornea 

The si~ificant difference could not be obse~ed between Illuminance and Target Visibili~. ~t is said that the ve~l 

the U.S. and the Europe~ beam patte~, produced by the lamp of the oppos~g vehicle increases 

A comp~son of these be~s has been made many the background brightness of the target and produces a 

times (11), but a superiority of either one has not been negative effect on the visibility (12). The fo~ula based 

concluded, on this fact is express~ as follows. 

The ~nreshoM Level of the Glare. Since there are no By’ = ]0.E’ / (0 (O + 
difference of beam patte~s, these data are pooled and 

the mean vMue is cMculated. Fibre 5 shows the maxi- Where By’ is veiling brightness, E’ is co~ea illuminance 

mum co~ea illu~nance level for the shape re~gnition and 0 is angle between opposing vehicle lamps and target 

of the target and the isodiscomfo~ level, from ~ver’s view point. The relations among Bv’, E’ and 

Since the mean of the maximum co~ea flluminance 0 ~e shown in Fibre 7 by applying this fo~ula with 

level is equivalent to the ’dazzling’ level, its flluminanc¢ 

level is not allowable as the threshold level of the glare. 

0.5     2 

DISTANCE BETWEEN 

Figure 5. The m~imum cornea illuminance level for the    Figure 7. Relation of distance be~een lamps and veiling 
shape reCognition and the isodiscomfo~ level,              brightness. 
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E’ as the threshold level of the glare and 0 as the cal- 

culated value from the distance between lamps and target ¯ I NCR~:ASED INTENS|TY LAMP 

position, o NORMAL AIMING L,~MP 

When the glare vehicle is far and 0 is small, in terms, "~ 4 o 

the glare lamps reaches central vision, and the allowable 

cornea illuminance E’ deer~. When the glare vehicle ~ 
is near and 0 is large, in terms, the glare lamps is far 

o from central vision, and the allowable cornea illuminance E ~ a 
E’ increases. Whether the glare vehicle is far or near, ~ 8 

o 
accordingly, the veil brightness Bv’ almost remains at a 

constant level. Since Bv’ affects the target visibility, it is 

almost the same regardless of the glare vehicle’s position. ;; 2 0 

, tl , 
CERTIFICAT~ON OF INCREASED VISIBIL- sa 
~TY BY iNCREASING LAMP ~IS~NCE aE~w~rN ~AM~S~.. WlV.Ou~ 
~NTENSITY 

w~’r. GLARE VE.,C,E 

Figure 8. Visibility distance for shape recognition. 
The effect that increasing lamp intensity up to the 

threshold level of the glare increased visibility distance is 
between the observer vehicle and the point where 

introduced in the case of shape recognition and presence 
the iso]ux line at the vertical illuminance, observed 

recognition, 
in the field test, intersects the extention line of the 

vehicle center line. 
Shape Recognition 4) The visibility distance is derived at normal aiming 

level and at the threshold glare level. 
Methc,d. The distance between lamps is set at 50 m or 

~00 m, and the test procedures are as follows. Result. The result of the field test shows that the subject 

can see the target when the vertical il]nminance is more 
~) The lamps of the observer and glare vehicle are set 

at normal aiming, 
than 3.8 lx. 

The isolux line at 3.8 lx vertical illuminance calcniated 
2) The Subject watches the target and answers the 

farthest position in which he can recognize its shape, 
is shown in Figure 9. It shows that the visibility distance 

The visibility distance is defined as the distance 
is 45 m in normal aiming level and 60 m in the threshold 

glare level. Therefore, the rate of increased distance is 33 
between the observer vehicle and the target. 

3) The lamp intensity of the vehicles is increased up percent without glare vehicle. Accordingly, increasing 

lamp intensity makes visibility distance longer to give 
to the threshold level of the glare. 

4) The subject answers the farthest position in which 
drivers the time for judgment and reaction. 

he can recognize its shape. 

CONCLUSION 
Result. Figure 8 shows that increasing the lamp inten- 

sity makes the visibility distance 6 to 10 percent longer 
Improvement of night time visibility can be exwazted 

with glare vehicle and 19 percent without glare vehicle, 
by the increase of low beam intensity. If so, increased 

It is exited that increasing the ]amp intensity improves 
intensity has maximum value. Threshold level of the gla;re 

the driving visibility at night, 
is considered from relation of glare and target visibility. 

Presence Recognition 
Method. The visibility distance is derived without glare o 

vehJcle, and the procedures are as follows. ~ .......... 

1) The subject in the stationary vehicle watches the ’1 
moVtng target and answers the farthest position in 

~ 

_:..--~--~- 

which he can recognize its presence. At that posi- 

tion, a vertical illuminance is measured. 

2) The lamp intensity measured in darkroom is con- 0 
vetted into the vertical illuminance on the road, v,s,~,~,. ~,s~.c~ 
whose isolux line is drawn. 

3) The visibility distance is defmed as the distance Figure 9. Visibility distance tot presence recognition. 
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1) Headlamps intensity which do not exceed the Night Driving.’, Highway ResearchRecordNo. 377, 
threshold level of the glare, can be increased up to 1973. 
the said glare level. Then visibility distance will be 6. R. Halstead-Nossloch, et al., "Evaluation of the Fea- 
increased. Visibility distance, in our case, was about sibility of a Single-Beam Headlighting System." 
40 m to the shape, and about 60 to the presence DOT-HS-805-219, Oct. 1979. 
recognition. 7. R. G. Mortimer and P. L. Olson, "Evaluation of 

2) Headlamps intensity which exceed the threshold meeting beams of Two-and Three-Beam Headlight- 
level of the glare, should be decreased down to the ing Systems." SAE paper 770237, 1977. 
said glare level to reduce the glare of driver. 8. P. W. Maurer, "New Headlighting Systems Provide 

Increased Visibility." Environmental Activities 
............... These results were obtained under the static condition, 

Week, June 1973. 
and supposed target was used. However, these results may 

9. J. Tsukahara and N. Kuno, "New Headlight for Mo- 
change with road and traffic environment. Therefore fur- 

tor Vehicle." Toshiba Review, 1973. 
ther studies are needed. 

10. R. H. Hemion and Roy W. Hull, "Headlight Re- 
quirement in 1990-Cost-Benefits and Mini-Field Trial 
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2. B. R. Austin, Traffic Engineering & Control, June 12. V. D. Bhise, et al., "Modeling Vision with Headlights 

1976. in a Systems Context." SAE paper 770238, 1977. 

3. Paul C. Box, Traffic Engineering, Oct. 1976. 13. K. Yokoi, "Visibility of Automotive Headlamp." 

4. I. Scholz, International Lighting Review, 1974. 4. Journal of the Illuminating Engineering Institute of 
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Vehicle Handling and Active Safety Alfa Romeo’s Researches on 
Driver Vehicle System 

LUCIANO CHIDINI based on a subjective evaluation of the results given by 

ALFA ROMEO s.P.a, the vehicle. 

Obviously, this experimental approach cannot be ap- 
plied in the design phase but only afterwards when the 

ALFA ROMEO FOR SAFER DRIVING prototypes are built. It is therefore essential to realize to 
what extent the design parameters contribute to achieving 

The aim of research on Active Safety is to reduce the ideal characteristics of progressiveness, predictability 
accident risk to a minimum by improving stability, hart’ and uniformity of vehicle behaviour. 
dling and braking characteristics. With this aim in mind the real behaviour of the 

The directions followed by such research are threefold: DRIVER/VEHICLE System is subjected to intensive 
to analyze these characteristics with precision, to establish study at Alfa Romeo. This research activity has two in- 
the type of improvement called for, and to find the way terrelated facets: the experimental approach and the the- 
to obtain it. oretical approach. The purpose of the theoretical 

The problem is made all the more complex by the wide approach is to obtain mathematical simulation models. 
range of factors that affect the dynamic behaviour of a The experimenhal approach use,.s track tests to learn 
vehicle; moreover, safety depends above all on the inter- about the vehicle’s dynamic behavitrar in a series of ma- 

action between DRIVER, ENVIRONMENT and VE- noeuvres, thanks to instruments able to establish all the 
HICLE. parameters regarding motion, course angle, and sideslip 

Up to now the main approach to this question has angle. 
R ’ taken the form of simulation by expert test-drivers of the Alfa omeo s experimental research is carried out on 

various kinds of manoeuvre that may be made by various the Balocco track, which covers an area of 500 acres with 
kinds of driver. The acceptability of a vehicle’s safety is driving surfaces totalling more than 20 kilometres in 
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DR~VER - VEHICLE - ENVIRONMENT LOOP VEHICLE’S MATHEMATICAL MODEL 

...... *STABILITY 

~BRAKING 

11 mV(w-~) = R~* R~ 

S~FETY / ~ tX~E~ ~ [NCE 

I ~COMFORT ~ YAw 

J .HEATING 

length. The roads include bends with radii ranging from 
20 to 300 metres and reproduce the most frequently en- 
countered types of surface and irregularities. 

The vehicles used are in effect mobile laboratories, in- In the course of theoretical research a model with N 
corporating the latest and most sophisticated instruments degrees of freedom is studied, bearing in mind the non- 

available, which are capable of measuring all the param- linearity of the real behaviour of tyres, suspensions, shock 

eters of movement, absorbers, etc. The most important movements are those 
Some of these instruments are actually designed by Alia of roll, yaw and lateral traverse of the sprung masses. 

Romeo: for example, sensors for measuring the slip angles The validity and refinement of the mathematical model 

of tyres, the device for maintaining predetermined angles are determined by an experimental/theoretical eompari- 

and others, son of the main parameters of the vehicle’s steady state 
and transient state responses. 

The various aspects of the vehicle’s motion are noted 
by the on-board instruments, recorded on tape and de- 

CURRENT RESEARCH ACTIVITIES 
coded with a processing computer. 

A comparison of the motion parameters measured ex- 

DRIVER VEHICHLE perimentally and those obtained by calculation from the 

SYSTEM RESEARCH mathematical model of the vehicle assures the validity of 
the latter. 

THEORETICAL APPROACH EXPERIMENTAL APPROACH ALFA ROMEO INSTRUMENTED VEHICLE 
FOR ACTIVE SAFETY RESEARCHES 

SIMU~T]ON MODELS TRACK TESTS 

DESIGN PAEAMETERS 
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DRIVER’S MATHEMATICAL MODEL MATHEMATICAL MODEL OF THE VEHICLE/DRIVER 
SYSTEM 

Simulation of an impegnative manoeuvre of insertion while 
cornering r = 100 m; v = 92 km/h (57,5 mph), lateral ...... 
acceleration corresponding = 0,65 g 

Vehicle with excessive understeer 

Driver A (expert) 

Response time = 0,55 se~ 

Averoge poth ludgement error = 0~9 m 

105’ 

SS STEIER~NG STEP INPUT 

NF NORMAL PROBABILITY DENSITY FUNCTION 

iF NORMAL PROBABILITY DISTRIBUTION FUNCTION 

In this particular case we have a comparison between 
the calculated response to transversal acceleration and 
that measured experimentally in a test of overtaking at 
1~ kilometres an hour with superimposed steering law. 

In this way we are able to establish the dynamic be- 
haviour of the vehicle and its suspensions and tyres in 

Aye~o~e I~t~ iu~erneflt er,o¢ = ;*.9 m 

manoeuvres that utilize the adherence available to its Bad road-holding caused by excessive understeer 
limit, and to reproduce it by calculation, inhibits driver B to keep this car on the road when 

What is particularly significant is the high degree of leaving the corner. 
lateral hold achieved by the vehicle, in that the higher 
this is, the greater the margin of safety for the driver. In this steering pad test transversal acceleration exceeds 
And this, not only to obtain a better performance, but 0.9 g: in other words, the centrifugal force acting on the 
above all, to be able to control the vehicle in emergency vehicle is equivalent to 0.9 times the weight of the vehicle 
conditions or those created by errors of judgment on the itself. 
part of the driver. However, in defining the optimum compromise be- 

tween stability and handling, the variable represented by 

COMPARISON OF THE CALCULATED AND AVERAGE EX- the driver must not be overlooked. 

PERIMENTAL STEERING LAWS. CALCULATED TRAJEC- Thanks to this familiarity with the vehicle’s possibili- 
TORY OF THE VEHICLE. ties, the expert driver can obtain the best possible per- 

,~ formance from it, while keeping control even in 

~ ~    ~ emergency situations. 
~,~, ~ Such is these case with the Italian Police squad car 
~,~ drivers, who must undergo intensive training. 

~,~o In these courses, which are held at the Car and Engine 
.......... Experimental Institute at Anagni, not far from Rome, 

the driver is taught to identify a car’s limits and, if nee- 
essary, to reach them. 

By practising special manoeuvres drivers become pro- 
ficient in performing slaloms, S-bends, cornu spirals, etc. 
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MATHEMATICAL MODEL OF THE VEHICLE/DRIVER with which the driver receives and analyzes data con- 
SYSTEM cerning the road. 

Simulation of an impegnative manoeuvre of insertion while 
The validity of the model is checked in exhaustive cornering r = 100 m; v = 92 km/h (57,5 mph), lateral 

acceleration corresponding = 0,65 g transient state manoeuvres by comparing the average 
course of the steering law observed experimentally with 

Vehicle with optimized understeer that obtained by calculation. In this instance the com- 
parison refers to an overtaking test: the correspondence 

_ between the steering angle data observed and those cal, 
culated is quite good, especially in the light of the dis- 
persiveness of experimental data and of the relative 
simplicity of the calculation model. 

By means of models based on experimental observations 
we are thus able to recreate by calculation manoeuvres 
that are not repeatable experimentally, for reasons of 
space or driver safety, or because of the unpredictability 
of environmental factors such as wind, aquaplaning, etc. 

Such is the case with a bend mistakenly taken at an 
Driver A (expert) 

Response time = 0,55 sec excessive speed. 
Avero~e ~th ~geme,t e,ror = o,~ m This manoeuvre is simulated by the computer with 

MATHEMATICAL MODEL OF THE VEHICLE/DRIVER 
SYSTEM 

........... Simulation of an impegnative manoeuvre of insertion while 
~ 2o cornering r = 100 m; v = 92 km/h (57,5 mph), lateral 

acceleration corresponding = 0,65 g 

Vehicle with insufficient understeet 
70 

Response time = 1,! sec 
Averoge poth iudgement error = 2,9 m 

Driver B manages to complete the manoeuvre but is obliged 
to apply opposite lock and make use of all the available road ~r ~ 

Response time = O,55 

surface. Average p~th iudgement error = 0,9 m 

But the training and equipment required to achieve this 
degree of skill in driving (which is professionally necessary 
for this category road-user) are not available to the vast 
majority of drivers. ,o. 

Who exactly is the average driver, and how does he 
react, especially in emergency manoeuvres? 

Unfortunately it is not possible to measure either the 
degree of experience or the psycho-physical state of a 
driver. We have, therefore, tried to define, as for vehicles, 
a calculation model that simulates, through reasonable 
hypotheses, a driver’s real behaviour. 

In our model it is assumed that the driver uses the 
steering wheel in an attempt to follow as far as possible 
the course he regards as ideal, so as not to go out of his 

Driver B (o~ modest lane and, even more imperative, off the carriageway al- .espoose t~,~ = ~.~ 
together. Averoge poth iu~gement error = 2~9 m 

The extent to which the steering can be corrected is 
limited physically on the one hand by the adherence avail, 
able at the front wheel, and mentally by the precision 
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THROTTLE RELEASE WHEN CORNERING BEGINNING reflected in the extent of the steering corrections. 
FROM STEADY STATE CONDITION In the same conditions the inexpert driver is able to 

VE.~CLE w~rH OPT~ZE~ UND~RST~ER 
complete the manoeuvre only with the optimized under- 

~ o~ steer to compensate for his lack of driving skill, 
The result of excessive understeer and insut~cient un- 

dersteer, as compared with optimized understeer, is going 
off the road. However, control of the vehicle is influenced 
not only by manoeuvring errors but also by unforeseeable 

~ .~ external circumstances. 
/" ", One such case is the abrupt release of the accelerator 

/ on a bend, caused, for example, by a sudden obstacle ,an 
.... the carriageway. 

The greater the initial transversal acceleration of the 
vehicle, the more dangerous this manoeuvre is. 

In this case, too, the vehicle’s understeer is of funda- 
mental importance. Following throttle release the vehicle 

............. ~ with optimized understeer tends first of all to close the 
bend and then to enter a circular course with a reduced 

VEHICLE WITH LOWER UNDERSTEER radius. The vehicle with less understeer, on the other 
hand, presents an unstable behaviour. 

The vehicle with optimized understeer thus calls 
only a modest intervention on the part of the driver to 
maintain control of its course. 

To conclude, we may say that only limited number of 
drivers are experienced enough to make full use of the 
potential of present-day vehicles, to adapt to changing 

/ environmental conditions, and to carry out instinctiw.qy 
the most effective manoeuvres needed in emergency con. 
ditions. 

But it is as much true that higher levels of cornering 

~ properties represent for the "normal driver" a reassuring 

.... ~ ..... ~’~%L"~’,’~%;~ margin of safety. 

....... "~,’,’o~%~’~7,~,’~ It is, then, up to the sense of initiative and responsibility 
of the individual car-maker to reconcile stability and han, 
dling requirements so that control of the vehicle is rea, 

var~’ing degrees of understeer as applied by drivers of sonably for drivers of differing experience and skill, even 

different levels of proficiency, in the eventuality of errors of judgment and emerge~.cy 

As is to be expected, .the expert driver has no difficulty situations. These are the goals that have always inspired 

in controlling the course of the vehicle with adequate Alfa Romeo, and which specifically determine the ori, 

steering laws. entation of the company’s present research on the Driver- 

The differing degree of understeer of the vehicle is Vehicle System. 

increase of Driving Safety Through New Concept Four Wheel Drive 
Vehicle ........ 

REMPEI MATSUMOTO, GYOICHI HATAYA, ABSTRACT 
TETSUO SATO, MAMORU MORINAGA, Four wheel drive vehicles have superior performance 
and YOICHI DESAKI in driving safety on mountainous terrain and snowy roads. 

Subaru Engineering Division They have usually in the past, however, been inferior to 

Fuji Heavy industries, Ltd. conventional vehicles in stability in the high speed range, 
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quietness and riding comfort, and maneuvering ease, ac- 
companied by disadvantages in price and fuel economy. 

The growth of motorization has brought recently an 
increasing number of motorists who wish to drive safely 
and comfortably under various circumstances. The four 

wheel drive vehicle we introduce here (referred to here- 
after as NC4V-A) is an answer to such a demand in the 
market; it is designed on the basis of a front wheel drive 

Figure 1. Sample of houses on slopes. 

car and has a part-time 4WD system, with which the 
driver can switch from FWD to 4WD and vice versa winter roads are covered with snow for about half the 
without stopping the car. This new model of four wheel year. 

drive vehicle is provided with greater security in driving To cope with this situation, the NC4V-A, was revel- 

on hilly, snowy or rainy roads, and also with directional oped as a vehicle which has both the rough road drive- 

stability, quietness and riding comfort in high speed driv- ability of 4WD cars and the roominess and comfort of 

ing on ordinary paved roads, comparable with those of passenger cars, and which also has good stability on 

conventional passenger vehicles. Price and fuel economy snowy or slippery roads. Production began in 1972 and 

also compare well with other conventional cars. has steadily increased year by year. Nowadays it wins 

An automatic transmission model is also available, in wide acceptance by consumers as a general purpose paso 

which instantaneous and easy switching of the drive mode senger vehicle and as their means of daily transportation 

is possible with the push button control, on any road and in the snowy and/or mountainous regions. 

at any speed. It enables the driver to select the drive mode NC4V-B is derived from a small RWD commercial 
freely, and makes possible a safer car, which can be easily vehicle, and was developed with the aim of improving 

driven in various circumstances even by an unskilled driveability on snowy roads or muddy surfaces, which 

driver, was a relatively weak point of its predecessor, while the 
On the same basis of design concept, a cab-over type advantages in the utility, total economy and tiding corn- 

mini car, wagon and truck models, with part-time 4WD fort were not diminished. In 1980, it was brought into 

system (referred to hereafter as NC4V-B) was developed production and now it is very popular, especially in the 
as a derivative of the RWD mini car, which is propelled snowy districts. 

by a 550 cc engine. 
In this paper, construction of these "New Concept 

Four-Wheel-Drive Vehicles" is outlined, and their drive- OUTLINE OF NC4V 
ability on rough roads, stability, controllability, and 
crashworthiness are discussed, as well as fuel economy Model Line-up 
and quietness, 

The NC4V-A has a line-up of four models: station 
wagon, 4 door sedan, hatchback and open type MPV, as 
shown in Figure 2. There are two engine families, !600 

BACKGROUND OF THE DEVELOPMENT 
OF NC4V 

Four-wheel-drive vehicles in Japan before 1970 were 

constructed principally for the purpose of off-road driv- 

ing. They were stout and excelled in rough road drive- 

ability. Their hard suspensions, however, made them 

uncomfortable and unsuitable for high speed cruising. 

Moreover, 4WD controls were rather difficult to handle 

and were not always accepted by the average driver. The 

expansion of motorization in this country since then 

brought a strong demand by the increased number of 

motorists for safer and more comfortable driving under 

various circumstances. This came on one hand from the 

increase of snowy road driving for winter sports, on the 

other hand from the situation that about seventy percent 

of this country is mountainous and a large number of 

houses are built on hillsides, as shown in Figure 1. These 

illustrate one of the extreme snow-fall districts, where in Figure 2. NC4V-A lines. 

895 



EXPERIMENTAL SAFETY VEHICLES 

WAGON}(HIGH 

Figure 3. NC4V-B lines. 

cc and 180~ cc; this light curbweight (915 kg to 1090 kg) ~USINESS ~ 
and accordingly small displacement contribute to the 0R 0FFIC~ 
lower fue! economy and price. 5HOPPIN8 

The NC4V-B h~ two models, cab-ove~ wagon and 0R ViSiT 

track, as illustrat~ in Figure 3. EnNne displacement is 
550 cc and the curbweight is so small (670 kg to 795 kg) Figure 5~ General use of the NG4V-B in Japan. 

that it is very economical. 

Construction of NC4V 

NC4V User Attributes Basic construction of the NC4V-A consists of transaxle 
(transmission of the original FWD passenger vehicle com- 

The NC4V-A is, as described above, designed as a bined with additional rear wheel drive mechanism), pro- 
muldpurposemeans of transportation which can be driven peller shaft, rear differential gears and rear axle shafts 
safely by the average driver under various climate and (Fig. 6). Front suspension is a MacPherson strut type, 
road conditions, accompanied by the ordinary perform- which employs a leading rod link to lessen the distortion 
anc~ of a passenger car. This design concept is reflected of wheel alignment even in the case of a slight impact: 
in the NC4V-A user attributes. For the sedan, commuter Rear suspension is a semitrailing arm type. 
use is the most common at 6!%, followed by 17% for The dual range transmission of the NC4V-A is illus- 
recreation, 13% for business, and 9% for shopping or trated in Figure 7, in which secondary two-stage (high 
visiting. For the station wagon, business use leads at 43%, and low) transmission with synchromesh mechanism is 
next 35% for commuting, and 19% for recreation. Per- assembled between clutch and main gearbox. In most 
sonal use leads business use in both cases (Fig. 4). examples of the traditional 4WD design, the selector 

The NC4V-B is used mainly in snowy districts for daily mechanism is set up behind the transmission gearbox, so 
transportation; market research has revealed that it is that the driver has to stop the vehicle in order to select 
employed widely not only for business use but also for the dual range gear position. With the NC4V-A’s dual 
p,~rsonal use. In particular, the high-roof wagon model’s range gearbox configuration, it is possible to select the 
recreational use is about 4.0% and illustrates its multi position when the clutch is disengaged without stopping 
pu~#ose utility (Fig. 5). the vehicle. FWD = 4WD switching and control of sec- 

ondary gearbox are performed by means of a single lever 
that the driver may operate without any confusion or 
difficulty. 

4WD                          . 
VEHICLE 

WAGON 

Busl  ss 
0R Of’FICE USE 

O~ VISIT 

Figure 4. General use of the NC4V-A in Japan. Figure 6. Phantom view of the NC4V-A. 
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Counter Gear (~o’,,, ~-’.~°) Figure 10 is an outline drawing of the NC4V-B. Here 
t ~_~ ~t the FWD system is added to the original RWD system, 

~ with maximal consideration to preserving the space utility 

..... ........ ~~ of a RWD vehicle and to avoiding deterioration of vi- 
~--Z~ bration, noise and controllability factors. The engine and 

~__~~ 
transaxle units are located transversely in the rear and 

...... --    i- ordinarily propel the rear wheels. Power output for driv- 

~ ::. ~ ~.- ~ ing the front wheels comes from the transfer in front of 
the transaxle and is transmitted through the propeller 
shaft located forward along the center line of the body, 
to the front differential gear under the driver’s seat. RWD 
= 4WD switching is performed by means of a push-pull 

Figure 7. Transmission, transfer and dual range system of cable connecting the transfer and the drive selector lever 
the NC4V-A. under the driver’s seat. Figure 11 shows the 4WD tran- 

saxle of the NC4V-B. 

SAFETY OF NC4V 

Driveability 

Superior driveability of 4WD vehicles on snowy, ~cy 
or gravel roads is one of the most distinguished factors 

Figure 8. Automatic transmission and transfer system of the ~~:~__~_~.~ ~ ~ 
NC4V-A. 

in Figure 8, where the transfer for 4WD is composed of 
a hydraulic multi-disc clutch and solenoid valve. FWD 

~,~~-~==-~ 
= 4WD switching is instantaneously performed by push- 
ing the button located near the automatic transmission 
control knob (Fig. 9). With this system the braking effect 
due to the difference of front and rear wheel revolutions Figure 10. Chassis, suspension and driveline of the NC4V- 
is eliminated by means of regulating the capacity of the B: 
transfer clutch to correspond to engine load. 

Figure 9. (Left) FWD-4WD switching button located near the Figure 11. (Right) Transmission, transfer-system of the 
automatic control knob of the NC4V-A. NC4V-B. 
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of their better safety performance compared with 2WD 
vehicles. In the case of the NC4V, in which even unskilled 
drivers can easily switch from 2WD to 4WD, this factor     ~ 
is most effective for safety.                                ~ 

where                                                ~. 
Rf,,: normal toad on front wheels on level 
Rro: normal load on rear wheels on level 
~ : coefficient of friction between the driving wheel and 

3 0 

road surface 
/x~ : coefficient of rolling resistance 

~-~ 20 
"I~e climbing ability limit might be generally decided 

by the vehicle weight and engine output, when the coef- 
ficient of friction between tire and road surface holds m     m ] 0 

satisfactory value. Actually, however, it is in most cases 
limited by wheel spin, where the limit gradient is given 
as Figure 12. 

As explained by equation (1), FWD is not as good as 
4WD or RWD regarding climbing ability; therefore much 
consideration must be given to weight distribution on Figure 13. Climbing ability of 4WD and FWD. 
front and rear wheels. 

Comparison of climbing ability of 4WD and FWD, 
using the data of the NC4V-A, is shown in Figure 13, ~ Name NCAV-A NC4V- 
where the ratio of maximum climbable grade of 4WD -Sr-~l~’nt-~ 5orface~ ’ FWD    4WD RWD 4WD 

and FWD is 1.5 to 1.7. 6 -8~ 
Frozen 8.    X"~/x 0 x~ 0 

Though RWD has better climbing ability, as explained ~ Srm~ 
7 by equation (2), the difference between 4WD and RWD Hard $ now 

becomes greater as p~ decreases. 50~ 
In Figure 14, driveability on snowy surface is evaluated. Fresh Snow ik l O X O 

comparing FWD with 4WD by the NC4V-A and RWD 250 ~300~’~’ 
~at 

Fresh SnGw 
&00mm 

Figure 14. Driveability on snowy surface of 4WD and 2WD. 

with 4WD by the NC4V-B, respectively. In the case of 
somewhat greater gradients than are encountered ordi- 
narily, 4WD has the ability to climb both on frozen sur- 

faces with hard snow, and on surfaces covered with thick 
hard snow, and to drive easily on fiat roads covered by 
250 to 300 mm thick fresh snow, and it can overcome 
400 mm of thick fresh snow. For the inhabitants of snowy 
districts, it is an everyday matter that roads are covered 

FW~ : with fresh snow or that they become icy; therefore these 

~ = t~ 
1 of 4WD vehicles in such districts. 

RWD : 

o* [- _ 
[ Stabili  and Gontrollabili  

~WD : In the case of a pad-time 4WD vehicle, it is undesirable 
to have much difference in stability and controllabilitg 

0~tan~{~-~r ~ between the two drive modes. Stability and controllability 
are strongly affected by the basic vehicle dimensions (lo- 

Figure ~2. (ke~). Equation of the climbino abili~, cation of center of gravity, wheelbase, and track, etc,) 
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and suspension setting. Here these factors are identical 

and the effects of drive mode on turning behavior are      ,-~ 

examined. 
Mathematical simulation analysis was carried out first, "-" Z.0 ~ = 0.50 ~ = 0,85 

by means of a simulation program called SSPVD (SU- o_ ------4WO 

BARU Simulation Program of Vehicle Dynamics), which 

involves a vehicle suspension model having front 

MacPherson strut, rear semitrailing arm, and rack and 

pinion steering, as illustrated in Figure 15. Fundamental 1.5 
degrees of freedom of this model is 32; that is, the sprung ..a 

mass (6 about center of gravity of vehicle), the unsprung 

mass (6 × 4 about center of gravity of each wheel), and 

steering system (2, rack translation and steering wheel 

rotation). One hundred twelve basic equations, including 

76 for constraint conditions and 4 for equilibrium of force, to 

and approximately 300 auxiliary equations, such as those 

for tires, rubber bushings, springs and transformation of 0ol 0.2 0.3 0.4 0.5 0.6 0.7 

variables, compose the total system, by which compre- L~TERAL ,~fi~TlON (g) 
hensive analysis and evaluation of vehicle dynamic be- 

havior could be carried out. 

Some of the results of analysis are shown in Figure 16. Figure 17. Steady state cornering (result of experiment; 

In a case of 50/50 weight distribution on front and rear 
NC4V-A). 

wheels, there is little difference among the drive modes. 

/ 
~ 

Near the limits of lateral acceleration, however, under- 
/ -- steer increases for FWD and 4WD and spin out trend 

/ 

//_~~ 
occurs in RWD. Next, other factors being unchanged, 

and with weight distribution of 60/40, understeer in- 

/ ,~-~ ~ 
creases and differences among the drive modes become 

¯ more apparent; FWD shows stronger understeer than 

RWD, with 4WD in between. 

_//~"    ~ Some results of experiments are shown in Figures 17 

and 18. Comparison is made of FWD with 4WD using 
,~J/~"’ the NC4V-A (Fig. t7), and of RWD with 4WD using 

NC4V-B (Fig. 18), on both dry (k~=0.85) and wet 

(/x =0.50) surfaces in both cases. In the case of the NC4V- 
Figure 15. Subaru simulation program of vehicle dynamics A, similar to the simulation analysis, 4WD experiences 

(SSPVD). less understeer than FWD; the difference is so slight that 

it could not be detected in actual driving. For the NC4V- 

B, the difference between RWD and 4WD is aJso smalt 

.g (below 0.4 g lateral acceleration). As it approaches the 
o ~ limit, RWD has a reverse-steer tendency and 4WD has 

a: ~ ~w~o ~E~ ~ ~0~0 SU~CE ~=0a5 increasing understeer; that is, in the critical state, the 

"’ difference between the drive modes for the NC4V-B is 

~ 1.6 FIR WEIGH1" I greater than for the NC4V-A. 
0~Sm~OU~0, t On low /~ surfaces such as gravel or snowy roads, 

fl i.~ 6o~0 (’~.)~ 
~ especially on winding roads, the influence of spinning of 

}~ WE~Om the driving wheel becomes remarkable, and it causes great ~ :wo 
~ tz so~s0 (’~.) differences among the drive modes. FV¢D shows a tend- 

~ 
~o 

ency to drift out, and RWD shows a tendency to spin 

0.~ o~ o.~ on 0.~ os out, while 4WD maintains its grip on front and rear 

LATERAL ACCELERATION (g) wheels to a higher range of lateraJ acceleration; therefore 

4WD will give a feeling of comparatively easy driving to 

Figure 16. Steady state cornering characteristics (results of an average driver, especially when he switches from RWD 

analysis), to 4WD. 
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~ ~ 4WO DRY    ,’" 

z 
<1.5 

Figure 18. Steady state cornering (result of experiment; 
NC4V.B).                                   Figure 19. Differential carrier dropping after frontal collision 

to protect fuel tank, 

Crashworthiness 

Body construction of NC4V-A is identical with that of 

the original FWD passenger vehicle, which complies with 

FMVSS regulations, No. 2fi~, No. 212, No. 219, and No. 

301. Because the fuel tank is located under the floor to 

improve utility of passenger room special consideration 

is given to the interference of the differential case and 

fuel tank at impact. 

In a case of frontal collision, in order to prevent the 

mutual interference of differential case and fuel tank, the 

impact load cuts the front support of the differential car- 

tier so that the drive train bends down at the point of 

the propeller shaft joint (Fig. 19), while rearward dis- 

placement of the power plant is restricted by the inter- 

action between a hook attached to the transmission case 

and the center crossmember; also on the rear side of the 

differential carrier a protecting cover is attached to pre- 

vent impact on the fuel tank. Figure 20 shows the result 

of the crash test at 30 mph of the NC4V-A. 

In a case of rear-end collision, impact energy is ab- 

sorbed satisfactorily through utilizing completely the 

crash stroke between rear end and fuel tank while the 

protecting cover of the differential case described above 

is also effective. 

As cases of a pedestrian crash, victim’s head striking 

the hood are very frequent. Location of the engine under 

the hood is very important to absorb crash energy. Lower 

position of the horizontally opposed engine and appro- 

priate location of the spare wheel contribute to decreasing 

the impact on the pedestrian. Figure 20. Result of NC4V-A crash test. 
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NOISE AND FUEL ECONOMY OF NC4V 

Noise 
,-, 80 

.......... As the NC4V-A is derived from a passenger vehicle, 
...x~ 

~ R WD 

it is the quietest of all 4WD vehicles. In Figure 21, two ~ ~----~ 4WD 

other makes, representative of the average Japanese do- 
mestic 4WD van-type vehicle, are used for comparison. -- 
This figure shows that the interior noise level of the 
NC4V-A is lower than that of other makes by about 

............ 10 dB, and the difference increases especially in the higher’ u~ .~, 
speed range, over 90 km/h. Compared with the original 
FWD vehicle, the noise level of the NC4V is higher by 
about ldb, because of the lower gear ratio of 4WD. The 
drive train has little influence on noise level, as simple o 
unitized construction of the transaxle with less gear noise 

to 6 0 

is employed. The little difference of noise level between 
two cars, one with and one without rear wheel drive train, 

3 0 4 0 50 6 0 7 0 8 0 
proves this fact. 

Similarly, with NC4V-B, comparison of noise level of VEHICLE SPEED ( ~’n/h ) 
4WD with RWD is shown in Figure 22, where the dif- 
ference between the two modes is also negligible. Figure 22. Noise level of 4WD and RWD (NC4V-B). 

Fuel Economy 

On this point 4WD vehicles are considered to be at a 
disadvantage due to weight increase and, mechanically, 

to loss of the additional drive train. The NC4V-A has, 
¢ONDITIO~ 

............ however, good fuel economy thanks to light weight body 
construction, which is made possible by careful config- 10 

uration of the 4WD system, as mentioned above. Fuel 
economy of the NC4V-A under various road conditions 
is illustrated in Figure 23. On ordinary paved roads, the 
difference between the two drive modes is quite small, 
while on rough roads., 4WD has better fuel economy than 
FWD. This difference increases as road surface friction ’ 
decreases. On hard gravel roads, 4WD is better by 4% 
than FWD, while on soft sand, 4WD gets fully 100% 
better fuel economy than FWD. 

oz 6 

u 904- 

rr ._L--o 
l.,t’) 4W~ VEHICLE-A 4WO SEDAN 

tn 3 - 

Z SUBAFIU FWD SEDAN "~ 

tn 50 60 ?0 80 90 100 110 120 130 10 20 30 40 50 60 

VEHICLE SPEED (kmlh) AVERAGE SPEED (kin/h) 

Figure 21. Relations between vehicle speed and interior Figure 23. Comparison of fuel economy between FWD and 
noise (NC4V-A and other vehicles). 4WD under various road conditions. 
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H 8i HA                                           (SNOW ROAD 2-3%UPGRADE) 

O 
/ ~ 4WD. / 

O ~ ~D 

2 

0 

~N~EASE OF 4WD FUEL                           . "~ 
ECONOMY AGAINST FWD (%)         - awo .’’ ’ 

Figure 24 Comparison of fuel economy be~een ~VD and ~ ..... 
4WD on sno~ upgrBde road. ~                         ~WD ~ ~ ~ ~ 

Figure 24 i]lustrat~ that the ratio of fuel economy of 10 15 20 25 30 35 40 

4WD to F~’D Lncreases ac~rding to the increase of AVERAGE S~ED (kin/h) 

gradient of snowy upgrade. These fi~res show that on 

snowy roads, 4WD drive gets better fuel economy than Figure 25. Fuel economy and slip ratio of RWD and 4WD 
~’D, and this difference expands as the gradient in- on sno~ road (NC4V-B). 
crease. 

Slip ratio and fuel e~nomy of the N~V-B on snowy 

roads with 2deg. to 3deg. gradient for both RWD ~d NC4V-A has the same crashwo~h~ess as nodal pas- 
4WD modes are shown in Figure 25. Because slip ratio senger vehicles, and has better handling characteristics 
increases with vebJcle spe~ under such road conditions, on low frictional surfaces. 
4WD exceeds 2WD in fuel economy by 30% or more, Fu~he~ore, the N~V has the same interior noise 
~d in maximum climbing sp~d by about 10 km~. level, riding comfo~, and Nrconditioning provision as 

Slip ratio is defined as follows: nodal passenger vehicles. 
Therefore, anybody can drive it comfo~ably on various Odome,er 

] Slip ratio = ~O~ ?~ ~~ ~p,l -- 1 roads and in all weather conditions. 
Also, the NC4V is a ve~ economical vehicle, because 

X 1~ (%) of its low price and good fuel economy, as good as those 

of nodal passenger vehicles. 

Besides all this, the NC4V can be operated as easily as 

a conventional vehicle. 

SUMMARY AND CONCLUSION Because of the above mentioned many advantages, such 

as high safety and multi pu~ose utility, we believe that; 

4WD has genera~y superior driving peffo~ance o:n demand for the NC4V type vehicle will steadily increase 

mountainous, snowy, and rough roads. In addition, the all over the world. 
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Performance of a Simplified Control 
Technique for Antilock Brakes 

MAKOTO SATOH The brake system (1) independently controls all the 

SHUJ[ SHIRAISHI four wheels to keep their braking torque at a near opfi- 

Honda R & D Co., Ltd. mum level. 
In the second system, the fight and left front wheels 

are controlled independently, but the rear wheels are both 
INTRODUCTION controlled simultaneously in response to a signal from 

either of them which is predicted to lock first. This means 
Antilock brakes can be broadly divided into two types, that when the vehicle is running on a road surface with 

different adhesion coefficients (/z) for the right and left ¯ Rear-wheel only antilock brakes; and 

¯ Four-wheel antilock brakes, 
wheels, the braking torque on the side with a higher /~ 
becomes somewhat smaller than in the independent con- 

The rear-wheel antilock brake can greatly improve trol system because it is controlled to the same level as 
straight line stability during panic braking or on a low for the other side with a lower/~. However, the reduction 
coefficient surface, but it does not serve to preclude loss of braking force is small for front-drive cars which depend 
of vehicle steera’bility resulting from front wheel locking, relatively little on the rear wheels for stopping capability. 
The four-wheel antitock brake, on the other hand, ad- A major factor affecting the braking performance of 
ditionally allows vehicle steerability during panic braking, these two antilock brake systems on a rough road is the 
Generally the antilock brake is most frequently needed possible "over-control" of the front wheels. As noted 
on a snow-covered or iced slippery road where long stop- earlier, both systems independently control the right and 
ping distances are normally required, and also this is left front wheels; more specifically, they are designed to 
where the system’s advantages are fully demonstrated, automatically reduce a wheel’s braking torque when a 
Therefore, capability to maintain adequate steerability change in wheel speed indicates that the whee! is likely 
even during panic braking is an important factor in pre- to get locked. The prediction of wheel locking is generally 
cluding an accident, particularly when the vehicle is run- determined by the formulas below: 
ning on a slippery road. This is exactly why the four- 
wheel antitock brake system has come to be installed in (1) k > ko and (2) Vw < /3o 

automobiles. Where 
However, it would be desirable for future systems to k = slip ratio of the wheel as computed by 

be improved with respect to: the formula k = 1 -- Vw/V, where V 

(1) Braking performance on rough or gravel roads, and 
represents vehicle speed (km/h) and Vw 

(2) System complexity, size, weight, and cost. 
represents circumferential wheel speed 

This report discusses a new four-wheel antilock brake ~’w = circumferential acceleration of the 
system that, employs "select high" logic for the front wheels 
wheels and "select low" logic for the rear wheels. This ko = reference standard for slip ratio--usually 
new brake system is capable of retaining sufficient vehicle ho --~ 10% 

stability and steerability even during panic braking. And /3o -- reference standard for circumferential 
unlike its predecessors, this system does not result in acceleration of the wheel--usually--9.8 
significantly greater stopping distances on rough or gravel through - 15.0 (m/s2) 
roads, and its structure can be simplified. 

On very rough road, however, wheel speed becomes 
irregular at random and pulsations of wheel speed occur 

MAJOR FACTORS AFFECTING THE BRAK- due to differing conditions of tire contact with the road 
ING PERFORMANCE OF FOUR-WHEEL AN- surface even if the brakes are applied so lightly that none 
TILOCK BRAKES ON ROUGH OR GRAVEL of the wheels will actually become locked. 
ROADS Figure 2 presents an example of wheel speed pulsations 

that occur when the brakes are applied lightly on a rough 
Four-wheel-control antilock brakes now in use can be 

road whose spectrum is shown in Figure 1. The definitions 
broadly divided into: 

of a rough and very rough road in this diagram are based 
(1) Four-wheel independent control system: and on the ISO/TC108 specifications. 
(2) Composite system with an independent control sub- Figure 2 shows wheel speed Vw, vehicle speed V, cir- 

system for the front wheels and "select low" sub- cumferential acceleration of wheel Vw, slip ratio k and 
system for the rear wheels, straight lines for/3o = - 15 (mis2) and ko = 10%. 
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on the rough surface, putting the braking forces for the 
ram2 right and left wheels out of balance. Under such circum- 

(cycle/m) stances, there are possibilities the vehicle may sometimes 
tend to pull to one side. Over-control of braking force 
could also occur with the rear wheels, but its effect may 

~ 

103 - be practically negligible because automobiles, particularly 

~ 
those with front-drive, depend relatively little on the rear 

Z wheels for their stopping capability. 

~ 10~ ROUGH ~ "SELECT HIGH" TECHNIQUE FOR THE 
~=7 ROAD ~. FRONT WHEELS 

~ VERY The "select high" technique, in contrast with the "select 
~.o ROUGH ROAD 
=: 107 low" technique discussed above, controls the fight and 
u~ left wheels simultaneously by a signal from either of them 

© which is predicted to be the least likely to get locked. 
a. Not surprisingly, application of this technique for the 

front wheels may sometime allow one or the other to 
I 10° 0,t 1.0 10 become locked, but never both at the same time. Systena 

over-control is avoided even if the pulsations appear in 
SPACE FREQUENCY (cycle/m) wheel speed due to a rough road surface except in the 

rare case where the right and left wheels simultaneously 
meet the conditions represented by formulas (1) and (2). 

Figure 1. Characteristics of the rough road used for the test. 
The select high front wheel control technique will, there- 
fore, improve braking performance on a rough road com- 
pared to an independent front wheel control system. 

As to the question of whether the select high techniqne 
can maintain adequate vehicle steerability for practical 

VEHICLE SPEED(V) purposes when one of the front wheels gets locked dufir~g (ki!!h) ~.,.~/~g~/~~. ~.~ 
hard braking, the front wheel which can generate a 

40 

~ 
smaller cornering force will tend to lock, while the other 

20 "WHEEL SPEED(Vw) wheel that affects vehicle steerability to a greater degree 
1 2 3 4 5 TIdE(see) will never be locked. On a split road surface with different 

0 I I I I I I I I I I I 

(%) .10% ~ adhesion coet~cients on the right and left sides, for in. 

+ 10 1 ~J"~,~I-C~a.~Z, PS~ff" ~ ’~ ~ :~/,~.l~’~l-~’f~/~"~ m r-v vtt-v’~ ~ .v ~ 
stance, the wheel on the side with a lower adhesion coef- 

0 ! ~-~ - ~ ~ w~ ¯ - ~ ~ ~ - ~ ~** ~ , ficient will be locked. If the driver steps hard on the brake 
-10 ~’SLIP RATIO(X) while the vehicle is turning on an even, uniform road 

+50 surface, for another instance, the wheel on the inside of 
0 ~ " ^ A [’~ A t~ ,, ^ ^ ^ ~ A A h ^ ^ ^ , ¯ ^ /~ A ^ ^ the curve that receives smaller load may be locked. ]n 

(mls~)] WHEEL . --15(mis~)" 
either instance, the wheel on the other side which pro- 

ACCELERATIONtVw) duces the greater effect on vehicle steerability will never 
be locked. This suggests that the select high system can 
maintain adequate vehicle steerability for practical put- 

Figure 2. Example of wheel speed pulsations, poses. 

As is apparent from the diagram, operating conditions PERFORMANCE OF THE FOUR-WHEEL- 
represented by formulas (1) and (2) above may sometimes CONTROL ANTILOCK BRAKE WITH THE 
occur on a rough road even when the driver steps on the SELECT HIGH TECHNIQUE FOR THE 
brake pedal so lightly that none of wheels will actually FRONT WHEELS 
become locked. 

This causes system over-control and reduces the brak- To examine the above concept, a series of tests were 

ing torque unnecessarily. On a split road with a rough conducted on the following two experimental systems, 

surface on one side and a smooth one on the other, the both prepared with exactly the same control logic, to 
antilock brake system may over-control only the wheel compare their braking performance 
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(a) Antilock brake "I-ALB" with independent control 
for the front wheels and select low technique for 

the rear; and DRY ASPHALT N-ALB 

(b) Antilock brake "H-ALB" with the select high sub- INITIAL SPEED:80km/h I-ALB 
H-ALB 

system for the front wheels and select low subsys- 
tem for the rear.                                                    N-ALB 

ROUGH ROAD ~-ALB     ] 
The details of the test include: INITIAL SPEED:5Okm/h H-ALB 

(1) Stopping distance on a dry asphalt road, wet con- 
.,,. crete road and rough road as described in Figure N-ALB 

1; 
WET CONCRETE I-ALB 
INITIAL SPEED:8Okm/h H-ALB ,] (2) Directional stability during braking on a split road 

with a rough surface on one side and smooth sur- 0 10 20 30 40 50 60 70 
face on the other; STOPPING DISTANCE(m) 

(3) Directional stability during braking on a split road 
with dry asphalt surface on one side and wet con- 

Figure 3. Comparison of stopping distance~ 
crete on the other; 

(4) Braking performance during turning on a dry as- 
phalt road; and 

with the steering wheel fixed in the straight-ahead position (5) Evasive maneuverability during fall braking on a 
wet concrete road. on the split road surface shown in Figure 4. The initial 

speed was set at 50 km/h. 
Tests (1) through (3) were also applied to a conven- 

tional vehicle without antilock system (N-ALB). All tests 
were performed under the following conditions: Results 

¯ Test vehicle: Front-drive, four-door sedan with a 1.8 As shown in Figure 5, H-ALB was subject to a smaller 
litre engine; yaw than I-ALB apparently because of the favorable el- 

.,.. ° Occupants: 2 persons; and fects of the select high technique for the front wheels. It 
¯ Force applied to the brake pedal: 882 N (90 Kgf). may be assumed that I-ALB also has practically satis, 

factory capabilities since it can stop the vehicle under the 

Stopping Distance Test specified conditions with only an 8 or 9 degree yaw. 

The adhesion coefficient (/x) between the tire tread and 
each of the selected road surfaces was: Stability Test on Dry/Wet Split Surface 

Dry asphalt road:/x = 0.80 Test method: Exactly the same test as discussed in 4.2 
Wet concrete road:/x = 0.40 was conducted on the three vehicles with the initial brak- 
Rough road (as in Fig. 1):/x = 0.65 ing speed 80 km//hr on a split road surface described in 

As shown in Figure 3, both H-ALB and I-ALB Figure 6. 

achieved a shorter stopping distance than N-ALB on the 
dry asphalt road, but the difference was little. 

On the wet concrete road, H-ALB showed a stopping Results 
distance some 10 percent longer than that of I-ALB. As is apparent from Figure 7, both I-ALB and H-ALB 
However, the results of H-ALB are considered satisfac- proved to maintain sufficient stability with only small 
tory as the stopping distance was more than 10 percent 
shorter than that of N-ALB. On the rough road both H- 
ALB and I-ALB required a longer distance for stopping 
than N-ALB. Compared with I-ALB, however, H-ALB DRY ASPHALT-z ROUGH ROAD 

respect,achieved a much shorter stopping distance, demonstrating 
the select high technique produces favorable effects in this 

Stability Test on Rough/Smooth Split Surface 

Test method: Yaw angles of the three test vehicles were 
compared when they came to a stop under full braking Figure 4. Rough/smooth split road. 
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yawing during full braking. With N-ALB all wheels 
locked, and the vehicle was naturally subject to a very 

V(kmih) large amount of yaw; this did not decrease appreciably 
/I-ALB even with corrective steering. "N-ALB (Manual)" in Fig.. 

~ 
40 ~- H-AL8 ure 7 shows the behavior of this vehicle when correctiort 

~’~ steering was performed to help stabilize it. The data in.. 

~ 20 dicate that the vehicle was out of control during braking. 

~ The apparent rapid slow down of the vehicle (N-ALB) 
0 1,~0 20 TtME(sec) 

during braking was due to the measuring method used 
in this test which recorded only the speed along the lon.- 

//N-ALB/H-ALB ,/I-ALB           gitudinal axis of the vehicle; it does not mean that the test vehicle actually slowed down rapidly. 

Braking Performance Test during Turning 

Test method: The positior~ and heading of each tes~: 

Figure 5. Results of stability test on rough/smooth split road. vehicle were recorded when it came to a stop under full[ 

braking applied while it was turning with a given radius 
at a given speed on a dry asphalt road with the steering 
wheel fixed in that turning position. The test was con.- 
ducted with the initial speed set at 80 km/h and turning 
radius set at three different lengths, i.e., 168 m, 112 m, 
and 84 m. These radii, in the decreasing order, are equiv.- 
alent to an initial lateral acceleration of 0.3 g, 0.45 g, and 

WET CONCRETE DRY ASPHALT 
/ 0.6 g, respectively. 

Results 

The test findings are as shown in Figure 8. The white 
and black circles indicate where the vehicles stopped,. 
while the arrows show their heading. As is apparent from 
the diagram, H-ALB deviated little from the specifier 
course and kept heading tangentially; it could maintai~ 
sufficient turning capability even during full braking. 

Figure 6. Dry/set split road. 

Figure 7. Stability on dry/wet split road. Figure 8. Test results on braking performance during turning. 
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It was found that both H-ALB and I-ALB can easily 
stop with their heading kept on the specified course if 

.g(m) 

the driver is permitted to perform corrective steering. 30 

Evasive Maneuverability Test under Full Brak- 
ing on Wet Concrete Surface 

uJ 20 
The evasive maneuverability of the test vehicles were Z 

compared during full braking to examine their steerability 
on a slippery road. N-ALB was excluded from this test 
because it was not able to complete the maneuver during rn 10 - [-ALB 
full braking. 

Test method: Full braking was applied at a given point 
on a test course described in Figure 9 which the vehicle 
was running at a specified speed. Distance £ between 
the braking point and the obstacle was gradually reduced 0 

40 60 80 
until it became too short for the vehicle to avoid a col- 

lision. Then the range of £ in which the test vehicle INITIAL SPEED(KIn/h) 

could avoid hitting the obstacle was determined. Five 
rounds of test were carded out for each distance, and the Figure 10. Results of evasive maneuver test. 
vehicle was considered to have sufficient evasive maneu- 
verability if it could stop without touching the obstacle 
at any one of the five tries. 

Results 

Figure 10 shows the test findings. H-ALB, although ~ "-.i~__L_L.14~._.o.__l.,’::~ I 

liable to lock one of the front wheels, proved to have MOTOR ,~ ~NtT -- --~-- , ..... , ---~:- 
evasion capability nearly equal to that of I-ALB. It was PRESSDRE ’,l , L,GNr 

found that the difference in the distance z~ between the , ’ACCUMULATOR [ L__.~J ,’ I J 
two systems is only about 10 percent. . ........ ~-,’- .... ~ L 

Typically, evasive maneuvers on actual roads are lane 
changes which have to be immediately followed by cor- ___J L .... 
rection of vehicle heading. In such operations, the dif- 
ference between H-ALB and I-ALB in evasion capabilities 
will no doubt become still smaller because the steering Figure 11. General construction of the test system. 
wheel is not turned so sharply as in a test course evasive 
maneuver, 

with the select high technique for the front wheels and 
select low technique for the rear wheels has an electronic 

DESCRIPTION OF EXPERIMENTAL control unit that receives a signal on wheel speed from a 
SYSTEMS sensor attached to each wheel. Then the control unit 

regulates the brake pressure modulators through solenoid 
Figure 11 shows the general construction of H-ALB valves. 

used in this test. The four-wheel-control antilock system To ensure high responsiveness, the system uses a hy- 
draulic control modulator as shown in Figure 12 which 
can respond to a command from the control unit with 

BRAKING POINT only about 5 ms delay. v 
~-~’ Figure 13 presents the inside structure of the control 

TRAFFIC CONTROL CONE 

~ ~1 unit. Wheel speed signals from each wheel sensor are first 
sent to the select circuit which picks out signals on either 

~-~ the most likely to lock (select low rear system) or least 
likely to lock (select high front system). 

Based on the results of calculating the selected signals. 
the decision circuit gives the solenoid valve a command 

Figure 9. Maneuverability test course, to actuate it. Since highly accurate control of hydraulic 
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~ ~ 
= \\ 50Kg/h 

--’~.., /,,~.~/ ~,. LEFT FRONT WHEEL WHEEL CYLINDE ~ RIGHT FRONT WHEEL 

_,i 
INL~ ~ MODU~TOR 

0 . 

~ ~ ~HYD~ULIC Figure 14. Example of system operation (1). 

OUTLET ~VE 

B~KING INT 

Figure 12~ M~ulator. 

W LOWfl SURFACE(fl=O,4) ~ASPHALT(./J=07) 

ELECTRONIC CONTRO~ UNIT 

1            Figure 15. Road with sharply differing surface. 

~LENOID VALVE SIGNAL(FW)    WHEEL SPEED(FR) WHEEL SPEED(FL) 

Figure 13. Electronic control unit. 
I2°"~/" ~(~¢) INITIAL SPEED 50~m!h 

pressure is required in a four-wheel antilock brake, the 
Figure 16. Example of system operation (2). 

control unit is designed to regulate the solenoid valve in 

five different modes: 

(t) Rapid increase of pressure operation when the brakes are applied during straighl:- 

(2) Gradual increase of pressure ahead driving on a smooth, iced road with an extremely 

(3) Maintenance of pressure at a constant level low adhesion coefficient. 

(4) Graduat decrease of pressure, and As is apparent from the diagram, the select high systera 

(5) Rapid decrease of pressure seldom lets either one of the front wheels get locked whe:ri 

the vehicle is running straight ahead on an even, uniforra 
By comparison, I-ALB has separate calculation and 

road surface on both sides. 
decision circuits for each of the front wheels to control 

them independently. However, the control logic of these 

circuits is exactly the same as the assembly used for CONCLUSION 
H-ALB. 

Figures 14 and 16 describe how the antilock brake As noted earlier, the new four-wheel antilock brake 

system operates. The first diagram gives an example of system utilizes the select high technique for the front 

system operation for the front wheels when running on wheels and the select low technique for the rear wheek,;. 

a course with sharply differing surface conditions as de- The foregoing tests and analysis found that this antilock 

scribed in Figure 15. The wheels get locked alternatively brake system is subject to only a small reduction in brak- 

depending on the road surface. Figure 16 shows system ing force on a rough road, while it can maintain sufficient 
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vehicle stability and steerability during panic braking. REFERENCES 
System over-control for the front wheels on a rough road 

is undesirable as these wheels play a major role in pro- 
1. Leiber, H. and Czinczel, A. "Antiskid System for Pas- 

viding stopping ability. The loss of braking force on a 
split road surface due to the installation of a select low 

senger Cars with a Digital Electronic Control Unit" 

subsystem for the rear wheels is not significant since the 
SAE Paper, No. 790458. 

rear wheels provide a minor portion of stopping capa- 
2. Harned, J. L., Johnston, L. E. and Scharph, G. "Meas- 

urement of Tire Brake Force Characteristics as Related 
bility. This suggests that the new system is particularly 

to Wheel Slip (Anfilock) Control System Design" SAE 
suitable for front-drive cars which depend more heavily 
on the front wheels for their stopping capability. 

Paper, No. 690214. 

Stereo Radar System for Automobile Collision Avoidance 

AKIRA TACHIBANA, NORIO FUJIKI, MASAO accidents by eliminating drivers’ errors and delay in tak- 

SAKATA, MASAMI KIYOTO and ing corrective action. 

TOSHIHISA FUJIWARA In these systems, however, false alarms and/or erro- 
neous readings, especially on curved roads, remain one 

Nissan Motor Co., Ltd.                           of the critical problems to be solved. These radar systems 

are not capable of identifying potentially dangerous ob- 
jects in the road as being different from objects such as 

ABSTRACT                                       guard rails and sign posts alongside the road or vehicles 

in an adjacent lane (Fig. 1). 
Various radar systems have been proposed to avoid or Several methods for solving this problem have been 

mitigate the effects of automobile collisions. In these sys- attempted. The usual method is to shorten the radar 
tems, one of the most critical problems is that of iden- detection range on curves (1) (2) (Fig. 2). Another method 
tifying potentially dangerous objects as opposed to those is to change the radar beam direction proportionate to 
alongside the road or in an adjacent lane, especially on the steering angle (Fig. 3). 
curves. However, shortening the radar range may delay the 

The authors have devised an improved pulse-Doppler detection of an impending collision and changing the 
radar with two antennas which are used alternately in 
scanning. In addition to range and range-rate information, 
the radar can obtain the lateral component of the relative --NON-HAZARDOUS 

,~/ OBJECTS 

motion of an obstacle by detecting the phase difference 
/ 

between two Doppler signals, each of which corresponds 
to the relative velocity between the obstacle and the re- t/ 
spective antenna. / Test results show that the phase difference signal ef- 
fectively discriminates between an impending collision 
and an object which will safely pass by. 

INTRODUCTION DETECTION AREA 

Most traffic accidents on the highways are rear end 
collisions which result from the drivers’ miscalculations 
concerning the possibility of a collision and then a delay 
in taking corrective action. 

In many countries various collision avoidance systems, CARRIER 
such as radar collision warning and/or radar automatic VEHICLE 
braking systems, have been studied since the early 1970’s. 
The intent is to avoid or mitigate the effects of automobile Figure 1. Detection of non-hazardous objects. 
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on the front of each side of the vehicle. The system ca:a 
_~--~---NON-HAZARDOUS detect the lateral motion of an object from changes in the 

~ 9ff~’-//~/" OBJECTS phase difference between the two Doppler signals from 

I ii~~! / 
the two radars. It determines whether or not the object 

1 will collide with the vehicle by using this new information, 

I phase difference, as well as the distance to the object, 

~ carrier vehicle velocity, etc. Experimental results confn’m 

OBJECT that the system can discriminate a potentially dangerous 
object from others passing by. This paper discusses the 
binaural radar system on the basis of the experimental 
results as well as the underlying principle. 

DETECTION AREA 

DANGER DECISION LOGIC BY PHASE 
DIFFERENCE 

C~,RF~EF~ Principle of Detection of Lateral Motion 
VEHICLE In Figure 4, when PA -- P"-~’ = K (K: constant, 

Figure 2. Restriction of radar detection range, 
a > 0) holds, the locus of the point P (x,y) becomes a 
hyperbolic line, which can be expressed by equation (1). 

x2    y2 
-- 1          (1)    (p,q > O) 

radar beam direction requires complicated devices to con- p2 q2 
trol the radar ~. 

The third method proposed uses two radars (10 GHz Here, a and p, q are given by equation (2), and K and p 
CW radars), (3) and discriminates between an object ap- by equation (3), respectively. 
proaching at an angle and from straight-ahead by the 
lateral motion of the object as determined by the differ- 

~ a =~/p 2 + q= (2) ence in the relative velocity (Doppler frequency) between 

the object and the respective radar. However, in this 
method, the determination of an impending danger is K -- 2p (3) (K ~ 0) 

delayed because it ~es a long time to detect the Doppler 
frequency difference. 

The authors have developed a binaural radar system 
using two pulse-Doppler radars which are to be mounted                       Y 

--RADAR A’(-a, A(a, o) 

Figure 3. Change of beam direction. Figure 4. Hyperbolic line. 
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the phase difference AS is 0, ~r and 2¢r (distance difference 

K -- O, X/4, X/2). 
PHASE DIFFERENCE .~. 2- ~: 0 -2, In Figure 5, the signal from an object alongside the 
DISTANCE DIFFERENCE K ]~ 4 ,O 4 -2 roadway Q~, such as a guard rail, which approaches at 

an angle to the vehicle, shows that the differential value 
of the phase difference Adp to the distance y, d(A¢)/dy, 
becomes large. On the other hand, an object in the road- 
way Q2, such as a vehicle running ahead, which ap- 
proaches the vehicle head on, has a small d(A4~)/dy value. 
Accordingly, whether or not the object will be dangerous 

-- x can be determined from the value of d(Adp)/dy. 

=00125 rn Threshold of Danger for Collision Avoidance 
~f=24 GHzt 

Even when the value of d(A4))/dy is small, the object 
may not be dangerous if the object is far from the vehicle. 

Figure 5. Lines of same phase difference. Further, if d(zXqb)/dy is large, the object can be dangerous 
if the object is near the vehicle. It is, therefore, impossible 
to determine the potential danger of an object from the 
value of d(A&)/dy alone. 

From equations (2) and (3), p and q are expressed as 
follows: 

In Figure 6, To assumes the position of an object at an 

K 
instant. OP is a straight line of position with an equal 

p = -- phase difference that passes through To. L and R are both 
2 

sides of the vehicle, and A and A’ are the antennas. 

Also, when PA becomes equal to PA’ (K -- 0), the locus P 
of the point P (x,y) is expressed by: ¥ 

/ 

x = o (4) 
 TOlXo, yo) 

Therefore, when the difference between the distances                                   -[1 
from the two points, A (a, 0) and A’ (--a, 0) becomes 
K, the locus of the point P (x, y) is expressed by: 

I 
x(i 

0 (K = 0(i) 

(5) 

x2 y2 
or = = - 1 (k ~, O) (6) 

a2 _ 

Here, each antenna is set at the point A, A’ respectively 
and an object is set at the point P. When the phase 
difference between the two Doppler signals received by 
the two antennas becomes constant, the locus of the object 
becomes a hyperbolic line, which is expressed by equa- 
tions, (5) and (6). Ifa (= 15X, k: wavelength) and K (= ’ ’ 
X/4, k/2.., nX/4) are applied to equation (6), equation 
(6) can be approximated by the linear equation (7): 

CANNI[R 

120 VEHICkE y = ~ ~ x (7) 
n 

Figure 5 shows the lines swept out by the objects when FiOure 6. Danfler decision Io9~c. 
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The object is defined as dangerous if it is between T1 dangerous. Next, (A4h -- A4~o)/(-Ay) = (A4~o - A4h)/ 

and T~’ when it moves Ay from To in the direction of the Ay is expressed as follows: 

vehicle~ That is, as stated under the heading "Principle 

of Detection of Lateral Motion," when Adpo, Adp, and To.A’ - To.A T~.A’ -- T1.A 
A~’ denote the phase difference between the right and Adpo -- A~ = 

h/2 -- k/2 
left Doppler signals at To, T. and T(, respectively, if 

(To.A’ -- T, oA’) -- (To.A -- T,.A) d(~)idy is smaller than (A~, -- hdpo)/(--Ay) or (Ad?,’ = 
-- Ad?o)/(--Ay), the object may be determined to be h/2 

If h is 0.0125 [m], 

2[(~o.A’ -- T,.A’)- (To.~ - T,.A)} 

AdO°" Aqbl = 
0.0125 

× 360 [deg] (8) 

where, 

To.A’ = v/(Xo + a)z + yoz (9) 

T~.A’ = _ Xo + h ~ Ay + a 
+ (Yo AY)~ (10) 

Yo 

To.A=~!(xo -- a)2 + yo2 (11) 

T~.A = Xo-- xo +_____~b. Ay_ a + (Yo-- AY)z (12) 
Yo 

Here, let us consider a case where the vehicle moving 
forward on a curve with a radius of curvature R. 

In Figure 7, given that there is an object which is 
displaced laterally from the course of the vehicle as far 
as S, the position of the object To (Xo, Yo) at the initial 
instant will be expressed by the following relation: OFFSET 

Xo = (R -- ~/R2 -- yo2) -- S (13) OBJECT ....... 

Here, let a be 15k or 0.1785 [m] (X = 0.0125 [m]) and 
b be 0.85 [m]. Further, if the value of xo at the initial To(xo, Yo) - 

~ 
---(R- ]-R~- y~, Yo) 

value of Yo is calculated by substituting into equation (13) 
the experimental parameters, R = ~ (straight running), 

-~- COURSE OF VEHICLE 
1~, 500 and 250 Ira] and S = 0, 0.9 and 1.75 [m], the 
change of phase difference (Adpo - A4h) can be calculated 
by equation (8). RADIUS OF 

The object is judged to be dangerous by using the -~. CURVATURE 
criterion that the calculated value from the received sig- - 

hal, d(A~b)/dy, is smaller than an estimation level to the 
collision, (Adpo -- A$~)/AY, as shown by equation (14). 

, 4,o - 
d--~ < Ay 

(14) ~ x 

Here, the calculated values of (A~o - Ad~) by changing 
R or S, are found to be almost the same. As shown in CARRIER 
Figure 6, because ARToO and ALToO can be regarded VEHICLE 
as nearly equal to each other, the following holds. 

(Ad?o - Ad?~’) = h~o - h~ (15) Figure 7. Calculation of estimation level; 
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-- NEW ELEMENTS ~ 
"~ 

.~t i~E~R~’C~, t 

DISTANCE 

ANTENNA ........ 7 

" A I ~(O’~    . . I PHASE 

~ 
~H, (!} IF I DI~ERENCE 

I ~ TUNNED RE~TtVE VELOC~ 
~E GUNN 

~ ~ OSCILLA CARRIER VEHICLE VELOCI~ 

~ ----- -~ / E~-RIGHT M~tMUM DECELE~TION 

ANTENNA 
CONTROL SIGNAL 

STEERING WHEEL ANGLE 

RECEIVING UNIT         ~ ~ MICROWAVE 
=j 

UNiT 

Figure 8. System block diagram. 

Therefore, the criterion of danger is expressed by a single right) antenna is reflected by an object, so that the re- 
curved line of estimation level irrespective of the radius flected signal enters the diode switch through the left (or 
of curvature R and the offset S (Figs. 19, 20 and 21). right) antenna, SPDT switch, and hybrid. As the diode 

switch is now open, the RF signal passes through the 

B I NAU RA L RA DAR SYSTE M switch to the 1 st mixer. Also, the frequency of the Gunn 
oscillator, which has become f2 [Hz], passes to the 

System Composition 
As the use of two radars makes the system more com- 

plicated in composition and larger in size, this radar sys- 
tem adopts one microwave unit and two antennas and 8 ,,s 
receiving units. Figure 8 shows a system block diagram (A) LEFT-RIGHT RIGHT---~ r----- CONTROL SIGNAL LEFT___j L_____J and Figure 9 the signal waveforms of the microwave unit FREQUENCY 
and receiving units. The signals (A) through (N) in Figure 

(BI CONTROLL SIGNAL 
, ,. ,.~f~ 

9 correspond to the signals (A) through (N) in Figure 8. (cl OSCILLATOR OUTPUT 
In Figure 8, the components and elements enclosed by (D) TRANSMITTING 

SIGNAL(RIGHT) 

ii 

the broken line are what have been added to our radar (E) TRANSMITTING 
SIGNAL [LEFTI ’ 

system (2). 
(F) LOCAL OSCILLATOR ’ " 

SIGNAL (RF) 

(G) RECEIVED Op Sy SIGNAL (RIGHT) ~ eration of Radar stem RECEIVED ’ 
SIGNAL (LEFT) I        I In Figures 8 and 9, the varactor diode modulates the (~) 1st MIXER 

frequency of the Gunn oscillator into the RF signal (C) OUTPUT (IF PULSE’ i "#" #~" ~’ ~ 
of fl [Hz] synchronously with the control signal (A). This 

(j) LOCALstGNALOSCILLATOR(IFI 
~’ ~ 

2nd MIXER RF signal passes through the hybrid to the diode switch. (K) OUTPUT (RIGHT) 
2nd MIXER However, because the diode is short-circuited at this time, 

(L) OUTPUT (LEFT) 
the RF signal is perfectly reflected from the diode and 

IM~ SAMPLE-HOLD passes through the hybrid to the SPDT switch, where the ’ ’ OUTPUT (RIGHT) " 

iN) SAMPLE-HOLD signal is transmitted alternately to the left and right an- 
’ ’ OUTPUT (LEFT) 

tennas. 

The RF signal radiated at f~ [Hz] from the left (or Figure 9. Waveforms of each circuit of radar unit. 
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Table 1. Characteristics of binaural radar system, mixer as a local oscillator signal past the hybrid and diode 
switch. 

TEM DESCRIPTION 
The 1st mixer mixes the reflected RF signal of fl [Hz] 

...... ~p_~0~_RAD_ ~R . ............................... 
P_U_~SE..D_o_I~P_LE_ ~ RADAR with the local oscillator signal of f2 [Hz], and puts out 

MICROWAVE UNIT the 1st IF signal of fl -- f2 [Hz]. 
OSCILLATOR GUNN DIODE The 1st IF signal and a coherent 2nd local oscillator 
FREQUENCY 24 GHz 

PULSE WIDTH 30 ns signal are transmitted to the left (or right) 2nd mixer by 

PEAK POWER 20 mW the 2nd switch. 

PULSE REPETITION CYCLE 62.5 kHz 16 ,,s As a result, the 2nd mixer produces a voltage which 

DETECTION SUPER HETERODYNE corresponds to the phase difference between the 1st IF 
................................................................................................... signal and the 2nd local oscillator signal, and a Doppler 

ANTFNNA 

"TYPE PARABOLIC 12~ signal can be obtained by the sample hold of this voltage. 

GAiN 32 dB The phase difference between the right and left Doppler 

a~M W~DTH 4 , 5 signals is transferred to a signal processing unit. In ad- 
HORIZONTALxVERTICAL dition to the criterion of danger expressed by equation 

DtSTANCE BETWEEN TVVO 375 cm 130 (14), information on the distance to the object, relative ANTENNAS 
velocity (Doppler signal), carrier vehicle velocity, maxi- 

................................................................................. mum deceleration, and steering angle is fed to the signal 
4 SIGNAL PROCESSOR .DISTANCE processing unit, which makes a final decision on the pO- 

NPUT SK.~NAL . RELATIVE VELOCITY tential danger of the object according to this information. 
¯ PHASE DIFFERENCE BETWEEN 
TWO DOPPLER SIGNALS Table 1 gives the major specifications of the binaural 

¯ CARRIER VEHICLE VELOC}TY radar system. Figure 10 shows the two antennas mounted 
¯ MAXIMUM DECELERATION O13 the front of the radiator. There is a microwave unit 
¯ STEERING WHEEL ANGLE 

behind the bumper. Figure 11 shows the receiving and 
OL TPUT SIGNAL               .ALARM LAMP) ........................................................................................................................................ signal processing unit placed in the assistant’s seat. A 

waveform of the 1st IF signal is shown in Figure 12. 

EXPERIMENT 

In this study, experiments were conducted to confirm 
the following three objectives: 

(1) The possibility of discriminating objects in the road 

Figure 10, Radar antennas. 

100mV 
HORIZONTAL 

Figure 11. Receiving unit and signal processor. Figure 12. If signal (object-spherical reflector). 

914 



SECTION 5: TECHNICAL SESSIONS 

from objects alongside the road or in an adjacent Experimental Method 
lane on curves. 

As regards (1) and (2) above, the parameters were the 
(2) Whether or not continuous phase difference signals 

radius of curvature R, offset S, and object shown in Figure 
can be obtained from objects with a complex shape 

13. In Figure 13, offset-0 (V1) indicates an object in the 
such as vehicles, 

roadway, offset-0.9 m (V2) is half of the vehicle width 
(3) How the phase difference signal changes in the case 

and indicates an object that may collide, and offset-l.75 of a plurality of continual objects such as guard 
m (V3) is an object alongside the road or in an adjacent rail posts, 
lane. 

1.75m A spherical reflector (or = 1500 m2, at 24 GHz) or a 

--0,9m passenger car (Cedric) was used for the object. Figure 14 
v3 shows the condition of the experiment, and Figure 15 the 

reflector. Objective (3) was examhaed by using actual 
N¢ 
OBJECT guard rails: 

OBJECTS         50m                   Experimental Results and Considerations 

R : co (STRAIGHT) (1) When the passenger car located in the position of 
1000m V3 in Figure 13 was used as the object in an adjacent 
5ecru lane on a curve with a 500 m radius, the phase 
250m 

difference versus distance characteristics were as 
shown in Figure 16. From these results, it is known 

........... CARRIER OBJECT : SPHERICAL REFLECTOR that a succession of phase difference signals can be 
VEHICLE PASSENGER CAR obtained from a passenger car in an adjacent lane 

Figure 13. Parameters of experiment, in spite of its complex shape; that the phase dif- 
ference signal changes regularly; and that the 
changing rate of phase difference with the distance 
to the object becomes larger as the dist,_rice is 
closer. 

(2) Likewise, the phase difference versus distance char- 
acteristics of a passenger car as an object in a 
straight road are shown in Figure 17. The exper- 
imental result discloses that if a passenger car is in 
the road, the changing rate of phase difference with 
distance to the object is small. 

(3) Fig. 18 shows the phase difference signals obtained 
when guard rails were the objects. It is clear from 
the results that the phase difference changes irreg- 
ularly in the case of a plurality of objects tlke guard 

Figure 14. Experiment. rails, and that the changing rate of phase difference 

with the distance is large where the phase difference 
changes regularly. 

(4) The changing rate of phase difference versus dis- 
tance characteristics, d0X~)/dy were calculated 

I ~ 
~ DISTANCE TO OBJEC 

35,5m lsec. 30m 

20m 16m 

R : 500m 
OBJECT : PASSENGER CAR 
OFFSET : 1 75m 

Figure 15. Spherical reflector. Figure 16. Phase difference characteristics. 
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,~o ,-, " ~ ~., L~"l" ~’ (OFFSETO.9m) , I ,,,~1 
50m D,STANOE TO OBJECT 45m CONTInUeD 120! MARK OBJECT R ~ 

T ........................ 

t L t t L ’ ’- °" - ,,’,~ ¯ " REFLECTOR Do 

~f~’-]~l ..... Ir" T-’":I" ..... [ .... ’ ........ ~d ’~ ......... ¯ ~IREF~ECTOR .................... -!~0~’ ........ 
43m 40m DISTANCE TO OBJECT 35m 33m O } PASSENGER CAR : 

CONTINUED 

33m :~9m DISTANCE TO OBJECT 25m 22m ~ 60 

I 1 1, L j CONT,NOEO 
i .    ~ ~ ,,~!~i!~i~, , ~ 40 

DANGER ZONE 
22m 2Om DISTANCE O OBJECT OBJECT PASSENGER CAR 

OFFSET : 0 

Z 

Figure 17. Phase difference characteristics, uz< 050 40~ 30~ 2’0               ’ 
DISTANCE TO OBJECTS y(m) 

Figure 20. Changing rate of phase difference~distance 

ABOUt 

Figure 18. Phase difference characteristics object: guard 4 (OFFSET 175m) 
rails. -MARK ....... 0~J{C’2 ...... R ...... 

2 

¯ REFLECTOR 100Om 

¯ REFLECTOR 500m 

O PASSENGER CAR lO00m (OFFSET O)                                                  8 

................ - 6 

i REFLECTOR !OOOm i 

© PASSENGER CAR ~ i 

A PASSENGER CAR lOOOm                              4                 SAFETY ZONE 

2 
60~ SAFETY ZONE ESTIMATION LEVEL 

s ’ 4’0 ’ ~5 ’ 2,0 
ESTIMATION LEVEL DANGER ZONE 50 

DISTANCE TO OBJECTS ylm) 
A 

20t 
~ ,~ o 

~o Figure 21. Changing rate of phase difference~distance 
"        ~ ....... characteristics. 

5O 4O 3O 2O 

DISTANCE TO OBJECTS y(m 

Figure 19. Changing rate of phase d fference~distance 
characteristics,                                 values of d(z~)/dy of the rate of phase difference 

of the object in the roadway with the distance 

from various phase difference-distance character- (shown by ¯ ¯ ¯ o A in the figure) are small, 

~stics with the object, radius of curvature R, and and that most of the d(A~b)/dy values are below 

offset S as the parameters. Their classifications by the line and these objects are dangerous. Further, 

the offset are shown in Figure 19 (offset-0, object the results in Figure 20 reveal that for objects that 

~n the roadway), Figure 20 (offset-0:9 m, object are likely to collide, the data values of d(Aff)/dy 

that is likely to collide), and Figure 21 (offset-1.75 of the rate of phase difference versus distance char. 

m, object alongside the road or in an adjacent lane), acteristics are very near the line. Also, the results 

The curves in Figures 19, 20 and 21 are the lines in Figure 21 show that for objects alongside the 

of estimation level described under the heading road or in an adjacent lane, the data values of 

"Threshold of Danger for Collision Avoidance" d(Adp)/dy of the rate of phase difference versus 

that determine whether an object is potentially dan- distance characteristics are above the line and these 

gerous or not. The area above the line is a safety objects are safe. From the foregoing facts, it is 

zone and that below the line the danger zone. From evident that danger-safety judgment by the crite, 

the results in Figure 19, it is found that the data rion of danger described previously is effective. 
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CONCLUSIONS * Because the binaural radar system requires two 
antennas to be mounted on the front of the vehicle, 

(1) Using the phase difference between the right and another problem may arise with the actual mount- 
left relative velocities in addition to the conven- ing of the antenna. 
tional information of distance, relative velocity, car- 
der vehicle velocity, maximum deceleration, and 
steering angle, the binaural radar system has proved 
to be capable of discriminating potentially danger- ACKNOWLEDGEMENTS 
ous objects in the road from objects alongside the 
road or in an adjacent lane. The system also extends The authors wish to express their gratitude to the 

the radar detection range on curves, parties concerned of Mitsubishi Electric Corporation, 

(2) A single radar unit could be used by connecting a Communication Equipment Works for frequent and stim- 

microwave unit alternately to two antennas. This ulating assistance. 

eliminates errors in the phase difference caused by 
fluctuation of the fight and left microwave fre- 
quencies, so that the lateral motion of an obstacle 

REFERENCES can be accurately detected. 
(3) This type of binaural radar can reduce the cost 

increase resulting from an increase in the size and 1. Takehana et al., "Automotive Radar Using mm 
weight and is easy to install, paving the way to Wave," C178/81, IMech E 1981. 
miniaturization, weight reduction and cost reduc- 2. Kiyoto et al., "A Study of the Automatic Braking 
tion. The following points are left for future con- System," June, 1979, 7th International Conference on 
sideration: ESV. 

¯ Confirmation of the applicability of this binaural 3. Mark K. Krage, "Binaural Automobile Radar," Au- 
radar system to objects of more complicated shape tomotive Engineering and Exposition, Feb. 24-28, 
than the passenger car’s, such as large-sized trucks. 1975, (750089). 

Automotive Warning System Using 50GHz Band Radar 

T. NOGAMI INTRODUCTION 
Toyota Motor Corporation 

T. SAKAMOTO The main problems in practical use of this kind of 

system are due to the di~culties of realizing reliable sys- 
Fujitsu Ten Limited tern operation in complicated road geometries and traffic 

flow, cost, frequency allocations and radiation hazards. 
We have been developing 50GHz radar systems, since 

ABSTRACT they offer the sharp beams which are effective in reducing 
malfunctions and physical s~ze that permits easy instal- 

A compact 50GHz band radar system for keeping safe lation in a compact car, combined with reasonable cost 
headway and for warning has been developed, and manufacturing technology. 

A simple FM-CW is adopted using a varactor tuned Among radars reported elsewhere, the highest fre- 
Gurm Oscillator and a narrow beam 2* × 2* is obtained quency is the 35GHz band used by VDO Adalt Schindling 
by use of a Mill’s Cross Antenna System of compact size. AG and Bendix Corp. 
A microcomputer interfaced with the radar used to dis- We, however, consider the optimum frequency to be 
criminate between the valid targets and false targets and 50 to 60 GHz to make the system more compact. 
to handle the warning algorithm. Our radar model features simple construction, with the 

An indicator announces audible and visible warnings transmitter and receiver antenna in the shape of a V, with 
according to the signal from the microcomputer, the RF circuit and amplifier at the base of the V, 

In this paper, an outline of the system, some expefi- With this model, performance degradation due to 
mental results of sensitivity tests and road tests are de- weather conditions such as rain or snow, detection prob- 
scribed, ability and false alarms occurring due to various kinds 
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~ Vo-Vr ~ VO 

Alarm is given w~n 

where c " Braking d~eleration 

T. " Reaction time 
Figure 3. Block diagram of fundamental FM-CW radar. 

Figure 1. Principle of the system. 

of ;oa~ ~metAes a~d a~de[ the co~8~ted co~dh~o~s 
~ ~.p~ ~ ~ t~st~. 

~ASIC CONSIDERATIONS OF RADAR SEN- 

S~:nce [~a[ [~Se ]~m~tat~o£ ~s co~s~e[~ to be the 
SOR 

most e~t~ve w~y to su££[ess paise a]az~s, some co~- 50GHz Band FM.CW Radar 

[e]at~o£ to the [ada[ [~e [eduction.                    ~s, Ja £a~Jc~ar, a decisive [actot wJt~ [eSa~d to t~e ease 

o£ J~st~]~tJoa o~ ve~Jc]es. 
OUTLINE OF THE SYSTEM Since the space for ~tenna installation in a compact 

car is limited to a diameter of t~ to 2~ mm, a frequency 
A tra~c shuation is shown in Figure 1. When a radar of 50GHz was selected to obta~ 2" to 5" beam ~dth in 

equip~d vehicle ~s closing on a vehicle in front at speed this s~e. In view of production en~needng cost, 50 to 
Vo~ the ala~ is calculated according to the equation (1). ~GHz ~s considered to be the upper limit at pr~ent. 

In equation (1), the value of a should ~ dete~in~ ~ere are various radar systems, such as FM-CW, 
for vadous ~nds of road conditions, though it should be 

noted that 73% of rear-end collisions occur on dD, roads 
Pulse, etc. The FM-CW system was sel~ted because the 
system is simple in configuration, hardware is easy to 

in Japan. develop compared with other systems and, with the de- 
So we used a = 7 m!s~. 
The value of TR is dete~ned to be 1.0 second, 

velopment of microcomputers, highly sophisticated signal 

Figure 2 shows the system bl~k diagr~. ~e system 
processing functions can be ~co~rated in the system 

~s~sts of a rad~ sensor, sisal pr~sor, indicator and 
to facilitate false ala~ prevention at a comparatively low 

vehicle sensors. ~-CW radar sends out the ~at sisals 
cost. 

obtzdned by the antenna-transceiver to the si~ proces- 
Fibre 3 shows the block d~agram of the fund~ental 

sor. The signal pr~sor ex~ut~ rmnge ~d range rate 
FM-CW radar system. The Gunn Oscillator output is 

calcuhtion, false target disc~ination and warning de- 
~upl~ to the tr~smitter antenna throu~ the dir~tional 

cis~on according to equation (1). The ~ndicator announces 
coupler and, at the same t~e, fed to the mixer as the 

a~s by sound and LEDs. Dist~ce to a vehicle in front 
local oscillator sisal. 

~e received signal is input directly ~to the m~er from 
~s also d~sptayed by LEDs all the time. 

In addition to the a~ve, other info~afion from the 
the antenna. 

vehicle sensor, such as steering angle, brake ON or OFF 
For the p~ameters of FM-DW tfian~lar modulation, 

are input, and the ala~ output ~s r~tdcted as occasion 
we chose a fr~uency modulation of Af = 75MHz, a 
sweep rate of fro = 750Hz ~d center frequency offo 

demands. 
= 49.5GHz. For thee par~eters, a r~ge of lm cor- 

~ responds to 750Hz ~d a relative velocity of 1m/see to 

~dar ~n~r        ~gnal Predator I~i~t~            333.3Hz. 

~ 
45° PO~RIZATION 

Veh~c{e Figure 4 shows the photograph of the antenna trans- 
~,so~s 

ceiver. For better ~r-flow and d~i~ at the front of the 
car and to obtain a sha~ beam, a Mill’s Cross Antenna 

Figure 2. System block diagram. System is adopted. 
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Beam 

beam(2°x2° ) 

Figure 6. Illustration of composite beam. 

Figure 4. Photograph of 50 GHz band radar. 

the local signal side. As shown in Figure 6 the beam 
width is 2* × 6* for either the transmitting antenna or 

In addition, this antenna system employs 45* polari- 
the receiving antenna, and the polarization is 45°, the 

zation, thereby reducing mutual interference with cars 
crossed beams giving a useful beam width 2* × 2* when 

running in the opposite lane. 
installed in a car. 

Figure 7 and Figure 8 show typical receiving antenna 
pattern data. 

MODULAR TRANSCEIVER CIRCUIT AND 
MILLIMETER WAVE iNTEGRATED CIR- 
CUIT. DESIGN OF FRONT GRILL 

More detailed configuration of the antenna-transceiver 
Since the front grill in front of the radar is located in 

is shown in Figure 5. The transmitting antenna consists 
the propagation path of mm wave, materials and structure 

of a longitudinal-shunt-slot array and parabolic-cylinder 
of the front grill influence the radar performance signif- 

reflector, while the receiving antenna is an edge-shunt- 
icantly. 

slot array with a similar reflector. 
Many considerations were given to phase distortion, 

The Gunn oscillator, directional coupler and mixer are 
gain drop, enlargement of beam width and deterioration 

built in a block at the base of the V-shaped transmitting/ 
of side lobe. 

In this system the front grill is designed so that a 
receiving antenna, 

dielectric board of resin is in the propagation path of the 
We have developed a Millimeter Wave Integrated Cir- 

mm wave. Figure 9 shows configuration of the front grill. 
cuit mixer with a special structure, the so-called In-Line The thickness of board t is determined according to 
Type mixer, in which the received signal is supplied from 

the following equation. 
one side and the local oscillator from the opposite side. 
Since the received signal and local signal differ in plane n 

t =                    (2) 
of polarization, the cross coupling element is inserted at                         2x/~ r -- sin2O 

where    ~ : Free-space wavelength 
~ r : Relative dielectric constant 

O : Angle of incidence 
parabolic-cylinder 13, : Integer 
reflector 

\. ~ .--rec eivlng 
,~f~.~, / antenna ,-transmitting antenna We select t = 4mm (n = 1). 
x~k__~ ~_, .... ._~,,, ~ When this front grill is installed in the vehicle, gain 

./~,~):::: ~ "~ J..:";:::l drop is 0.1 dB, enlargement of beam width is 0.2 degree 
,\ )/\, :: "N~__~....::.’i~_ tongltud=nal-shunt and deterioration of side lobe is approximately 0.1 dB. 

edge-shunt---~o~ -.,/~.~./_z/~.~. -slot array 
slot array ~ \ ~ ../¢/ ~/" ~--radome These are negligibly small. 

m~xe, ~ 
Coating materials for front grill include aluminium and 

- varactor tuned Gunn carbon powder which are considered to influence the 
transceiver --- Oscillator and associated 

circuit, propagation of mm wave, but as shown in Table 2, it is 
proved that sensitivity deterioration is 0.7 dB at most, 

Figure 5. Configuration of the antenna-transceiver, and also negligible in practice. 
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Table 1. Technical specification. 

General 
CL 

Radar System      Non-cooperative 
Bistatic Radar 

-.-/; ’, ; ~ Radar 
Frequency 49.5GHz 
Modulation FM-CW ~ ~ ............ ’ ~ t _ ~ , , 

Radar performance 
Antenna V shaped Mill’s Cross z. - 

~_~ 
~r-- ’. , ,__ 

Antenna ...... 
Beamwidth      2~ x 2°                        I ........ ~ : 

(composite beamwidth of 
transmitting and receiving 
antenna) 

Polarization 45° Figure 9. Front grill for the radar, 
Gain 32 dB 

(for transmitting or 
receiving antenna alone) 

Transmitter output Table 2. Influence of front grill coating materials on radar 
power 30 mw performance. 
Range 3 to 60 m 
Range rate 0 to 120 km/h Coating ma- 
Size of antenna 204 334 X 66 mm teriats Pigment composition Attenuation 
transceiver (H X W X D) A A1:2%, carbon:0.6% 0.1 dB 

B A1:3%, carbon:0.9% 0.3 dB 
C A1:4% 0.3 dB 

--- D Carbon:3% 0.3 dB 

~ 
10 E Carbon:2%, organic pigment 0.7 dB 

~ 20 = MICROCOMPUTER-CONTROLLED SIGNAl.. o PROCESSING 

~: 
The Signal Processor consists of 1 chip CPU, 2KB 

~. 30 ROM and 3 I/O LSIs (Fig. 10), and operates according 

.~ to the flow chart shown in Figure 11. 

~ Range and closing rate are calculated from the beat 

~ 
40 ’ ~ .... ~ ’ frequency during the modulation up and down swing. 

--~0 ~ 10 
Since false alarms caused by false targets must be min- degrees 

imized, received signals are analyzed from various angles 

to discriminate between the valid targets and false targets. 
Figure 7. Typical data on receiving antenna (H-plane).          That is, since very frequent false alarms are sent out 

if the equation (1) is calculated just from the beat signals, 

.-. we plan to decrease the number of false alarms by the 

¯ m~ following methods: 

¢:: 20.5dB 0 

-10 0 10 
degrees 

Figure 8. Typical data on receiving antenna (E-plane). Figure 10. Photograph of signal processor. 
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stacles is calculated as 40m at 100km/h (situation B in 
the figure). So we adopted 40m for the radar range. 

¯ Beat Signal That is, alarms are restricted when the distance between 
.......... i--- ~ .... 

Vehicle sensors 
yes vehicles is more than 40m. 

........ Low Signal leveT~, 

...... ]~ .............. ~ yes We investigated the distance in normal traffic flow and 
q-~,~neous ~ib~ of Signa Le~b|ff; the distance at which drivers activate the brake when they 

recognize dangerous conditions in city traffic, urban 
yes traffic and on the expressways in Japan. 

---~_~ ........ ~-i~ ,o Test results are shown in Figure 13. 
Alarm---~l~ulati0n R safe distance ?. 
~/_eF ii~ .... ~ i " " _ ............. no Drivers do not keep their distance on the assumption 
Are above conditions satisfied 3 consecutive times_~ that the vehicle in front will suddenly stop with no stop- 

--~_~ ~b~ - yes 
~iiv$~ I~rakihg ~r ~t~ering.~-~ ping distance, and the assumption in equation (1) that 
- n~ 

-~-~ the radar car can stop at the same deceleration as the 
.... ~-- vehicle in front is confirmed to be suitable. 

Recognition of dangerous conditions occurs at a dis- 
............. Figure 11. Outline of signal processing, tance corresponding to reaction time of 0.9                                                                                                                                               ~ 1. lsec; well 

within the 40m range in normal traffic flow, for example 
at 25 ~ 27m when vehicle speed is 100km/h. Test results 

(1) False target discrimination according to the re. 
also show reaction time TR of 1.0sec matches the typical 

ceived signal level, 
driver’s driving habits. 

(2) Distance and velocity output hold whenever there 
is an instantaneous drop in receiving level. 

We selected the 2* × 2* beam width and 40m range 
....... for false alarm problems and reaction time TR = 1.0sec 
............ (3) Alarm calculation output inhibition whenever there 

after some experiments. 
is a sudden change in the distance or velocity. 

Therefore, under certain conditions, the system be- 
Alarm calculations are executed every 50ms according comes only a collision mitigation system which reduces 

to equation (1) and when the equation is satisfied three the impact velocity and impact energy. The safe distance 
times in succession without braking or steering maneu- as a function of relative velocity is shown in Figure 14. 

.... vers, visible and audible alarms are triggered. For example, if the vehicle is closing on a fixed obstacle 

at more than 63km/h, a collision is unavoidable. 

RADAR RANGE GUT Impact velocity Vc is calculated according to the fol- 
lowing equation. 

It is reported that selection of optimum beam width Vc = x/2 V o V r -- Wr - 2 c~ (Re -- T R × V R) 
and radar range cut is effective in suppressing false alarms. (3) 

In this system, a narrow beam 2* × 2* is obtained by 
use of Mill’s Cross Antenna System. In relation to the where Re : Radar range 

beam width, when the radar equipped vehicle runs near- Vr : Closing speed 

by roadside obstacles such as guardrails on a straight Vo : Own vehicle velocity 

road, the range selected should be 45m. ct : Braking deceleration 

As shown in Figure 12, when the vehicle runs along 
the curved road where the maximum lateral acceleration 
is assumed to be approximately 0.3g, the distance to ob- 

7C 
Guardrail ~,~ 

~ r .... ’ .... ’ 60 Stepping distance .................... 
--~ 

E 50                           / 

uJ 4o 

radius ~/~ 
~ 20 

10 

0 10 20 30 40 50 60 70 80 90 100 

Situation " A Vehicle Speed (Kmih) 

Figure 12. Range reduction required in curves. Figure 13. Actual distance in normal traffic flow. 
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~                             {Vo Own vehicle vel~ity) 
30                                                                  160 140 120 I~ 80 60 40 20 0 

20 

~o 

°o 2’o    ~o     6b    8b 
Relative vel~i~ (kin/h) 

Figure 15. Detection range. 

F~gure 14. Relationship be~een relative velociW and safe 
distance. 

As shown in Table 3, if the radar equipped vehicle is 
closingon afixed obstacleat 80~dtheddver 

~tivat~ the brake not later th~ 1.~ ~ter the 
ogn~tion of al~, impact vel~ity is r~uc~ to 56.3~/ 60 

~h which reduces impact ener~ 50%. 

Table 3. ~mpact veloci~ and energy reduction as function 
~ 2~0 

of closing speed. 10 20 

Time(s~) 60 70 80 
Closing speed Impact veloci~ Impact energy 

reduction 

65 km/h 15.6 km/h 93% 
Figure 16. Typical road test data. 

70 34.2 76 
80 56.3 50 
90 73.3 34 

100 88.2 22 WEATHER EFFECT 

Regarding the effect of rain and snow which are sup- 
posed to pose the most serious problem with millimeter: 

EVALUATION TEST waves, the following performance test was conducted: 

Oetectable Range 
Deterioration of sensitivity caused by rain or snow, 

through their adhesion to the front grill, attenuation in 
Shown in Figure 15 is the record of range outputs when the air and back scatter are considered. In actual running 

the experlanentat vehicle runs toward a fixed comer re- conditions, decisive degradation of sensitivity caused by 

rector (o- = 22.8 dB). rain or snow was not observed at all. 
The figure shows that the maximum detectable range Figure 17 shows the range data gathered by making 

~s 170 to !80m on a straight road under good conditions, use of an artificial rain facility in order to evaluate back 

For actual passenger cars, the radar cross section is scatter by rainfall. 

presumed to be 10 to 20 dB, and the detectable range is The detectable range is significantly reduced due to 

approximately 80m. clutter, but this value is only a reference, since the pre.. 

Figure 16 shows the data collected under the running cipitation at the test site registered about 150mm/h, art 
conditions of both radar equipment and target vehicles, amount of rainfall such as we hardly ever encounter in 

and with maximum range limited to 60m to reduce mal- nature. In an actual road test when there was a normal 

functions, rainfall, no poor sensitivity was observed. 
This figure reveals that sensor performance is such that Regarding some 20 to 30mm/h of rainfall, we have no~ 

even compact cars can be detected satisfactorily up to a had the opportunity to carry out such a test and result,,~ 

range of 6Ore. are still awaited. 
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Rainfall rate of 150 mm/h in the artificial rain facility All false alarms were acceptable to a driver, for 
they occurred when the vehicle was passing other 

Target;T0y0ta Mark It vehicles very recklessly or running very close to 
~,o~~,            .,~,-    q]’~ ~it~(’~~c’ i}[~!,, ~’1’ ~1~ the guardrails in a curve. v 60 - ’ ’ (3) Because of the short radar range, however, under 

.~ ~ ~, i certain conditions, the system becomes only a col- 

~J.~ lision mitigation system. 20 ~ 
¢~ For example, if the radar car is closing on a fixed 

o lo 2o 30 4o 5o 6o 7o ao obstacle at 80km/h and the driver activates the 
aanse (m) brake not later than 1.0sec after alarm occurrence, 

impact velocity will be 56km/h and impact energy 
Figure 17. Detection range, will be reduced to 50% of initial energy. 

(4) Even the system at present is considered to be 
effective because probability of fatal accidents or 

ROAD TEST severity of injuries sustained by the driver will be 

significantly reduced. 

Target Discrimination and false alarms have been eval- (5) Trade-off of false alarm suppression and collision 

uated by use of the test vehicle in various road geometries avoidance is a subject for future study. 

and traffic conditions. Because of the narrow 2° × 2° In terms of hardware, it is necessary to follow up 

beam and alarm restriction at more than 40m, few false on enhanced reliability under various environmen- 

alarms occurred: merely several alarms per 300km. tal conditions such as temperature, vibration, EMI 
etc. and for cost reduction. Almost all these false alarms were acceptable to a 

driver, for they occurred, for example, when the radar 
equipped vehicle passed another vehicle very recklessly ACKNOWLEDGEMENTS 
or when the vehicle ran very close to the guardrails on 
a curved road. The authors would like to acknowledge the many con- 
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Accident Avoidance--How Age Deterioration Can Affect Car Safety 

M.A. JACOBSON, M.SC C ENG; NEW CAR DEFECTS 
F. I. MECH E; M. I. PROD. E. 

Chief Automobile Association It should not be forgotten that a substantial number 

Fanum House, Basingstoke, Hants, of cars are delivered with material or assembly faults, and 
poor driving technique is often blamed for short corn- 

England ponent life or loss of control incidents. Persistent com- 
plaints by a number of our members are typical. They 

~NTRODUCTION experienced difficulty in changing gear and the inability 
of the dealers to trace and rectify the cause. The typical 

It is in the nature of things that the majority of mo- sequence of events runs something like this: After several 

torists ride about in cars that are older and less well cared months of unsatisfactory motoring and the fitting of one 

for than the shiny new models in dealerst showrooms, or two new clutches, a complete strip of the power unit 

The average age of cars in regular use in the UK is 5~z would be undertaken, revealing the absence of the prope:r 

to 6 years and is rising as Companies and private put- thrust washer in the engine. 

chasers delay replacing vehicles by a year, in an effort to Mechanics and reception engineers, even the manufac- 

ave on capital expenditure, turers’ representative, never experienced a great deal of 

This paper concerns itself with some of the inevitable difficulty with gear changes on this car, for they were 

age deterioration effects and how they may affect vehicle skilled in clutchless changes, using the synchromesh to 

safety. Age deterioration in the form of metallurgical best advantage. 

changes, from fatigue cracking in steel to crack propa- 
gation in high strength aluminium alloys, and above all 
corrosion of high temperature turbine blades, is well 
understc<ni by the aircraft inspectorate as potential safety 
ihazards. All aircraft operators accept rigorous and fairly DIFFICULTY OF DIAGNOSIS OF DEFECTS 
frequent replacement of age expired structural parts and 
moving components as a sensible, although costly, safety The garage trade, in many instances, fails to diagnose 

measure. After all they are professionals. Yet there would correctly the causes of customer complaints. They may 
use the same jargon, but this may describe very dissimilar be an outcry by millions of motorists if they were corn- 
occurrences. A common complaint is: "The car is running pelled, by law, to replace tyres, suspension elements, en- 

gine and transmission mounts, fuel tanks, as a preventive rough, particularly at speed". We have on record a hum- 

measure on an age or mileage basis, for this would prob- ber of cases where repeated attention to engine tune, 

ably be tong before they have reached the point of un- including systematic replacement of sparking plugs and 

serviceability in the eves of their owners. Owners are, of then the complete HT system, even re-conditioning of 

course, generally lacking any expertise in such technical carburetors, were undertaken, all to no avail. In others 

matters, clutch and flywheel were removed and dynamically bal- 
anced. Replacement of brake discs and hydraulic dam- 
pers, new steering joints, all figure prominently. Yet in 
many cases the cause was nothing more fundamental than 

ARE AGE-DETERIORATED COMPONENTS a rear wheel tyre which no longer had uniform steel belt 

A MAJOR CAUSE OF ACCIDENTS? stiffness. Casual inspection, check for legal tread depth., 
even re-balancing on standard wheel balancing machines 

There appears to be conflicting documentary evidence would not reveal that the tyre was approaching the state 

on whether age and mileage deterioration is a major factor of imminent failure. A few of the tyres had built-in short- 

in real life accidents. It is a bit like the case of the old comings such as poor bonding of different layers or lateral 

cracked jug, which sometimes outlasts a new whole one-- run-out, but the majority had just become age deterio- 

owners take extra care when using it and made due al- rated. 

lowance for its imperfect condition. Whereas vehicle inspectors have been given fairly clear 

Under normal operating conditions most drivers can guidelines on the extent of tolerable deficiences in steering, 

and do compensate for the progressive deterioration of brakes, and suspension (which of course includes struc- 

clutch, brakes, wear in steering linkages, even the partial rural strength of their attachment points) beyond whic3~ 

collapse of hydraulic dampers. Only in emergency acci, they must fail the vehicle in its MOT or equivalent safety 
dent avoidance manoeuvres is it likely to cause serious test, no proper guidelines exist when it comes to age 

problems~ affected tyres. There is also some doubt whether the Vol- 
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untary Recall System operated by the vehicle manufac- expect that the material specification for securing front 
turers is the most cost effective way to ensure safety, brake calipers on a high price, high pertbrmance car is 

such that they will neither stretch, come loose, nor snap 

.......... during repeated braking from high speed? And why 
.......... should he be expected to realise that if he regularly motors 

RECALL CAMPAIGNS across undulating corrugated roads, which are not un- 
common in many parts of Europe after a severe winter, 

Despite ever more sophisticated quality control pro- he must refrain from doing so at 50mph or above or 
cedures being adopted by the majority of vehicle and expect the front suspension tie rods to come undone? 

................ component manufacturers, far too many vehicles leave One would hardly expect that vehicles built in 1981 
........ the factories with safety related defects, would suffer from such a basic lack of appreciation of 

In the UK the number of cars, light vans and pick-ups fatigue loading. It is a regrettable fact that even in 1980,/ 
recalled for safety checks and rectification between April 82 we come across examples of nuts being harder than 
1st 1980 and March 31st 1981 was 560,880, or around bolts, the threaded portion of bolts being too long or too 
36% of the annual new car registration. This is under an short to perform properly when engaging with the mating 
Industry Voluntary Recall Code and most of the cars nuts. 

.......... affected were still within their one year warranty. Even Such signs of poor design were not confined to any one 
so only 78% of these were actually traced, checked and/ country of origin. Also production volume and cost of 
or rectified by April 1982. the vehicle are not a guarantee against plain human fail- 

This represents a very good response by the motoring ings, Manufacturers believe that their feed-back via war- 
public and is much better than that found in, for instance, ranty claims, submitted through franchised dealers, is 
the USA. But so it should be, for if the manufacturer adequate and effective, yet this assumption may need re- 
cannot encourage an owner/operator to take his vehicle examining from time to time. 
back to his franchised dealer whilst the full warranty cover 
operates, he has far less hope of success thereafter--par- 
ticularly as an ever larger proportion of owners skimp on 
maintenance, attempt some DIY repairs and no longer IS THE VOLUNTARY RECALL SYSTEM THE 
regularly entrust their vehicles to the recognised fran- BEST WAY TO DEAL WITH SAFETY DE’ 

............ chised dealers for maintenance and repair, once the car FECTS? 
is over 3 years old. 

It is probably still the only practical way in which we 
can tackle the complex problem of vehicular safety and 
reliability without creating a vast bureaucratic apparatus 

....... FASTENER DEFECTS to monitor after-build rectification operations, wbdch are 
.......... carried out under such euphemistically titled schemes as: 

24~% of the recalled cars and car derivatives had noth, "Pre-delivery Inspection", "lst Free Service at 1~ 
ing more fundamentally wrong than inadequate fasteners, miles", "Free Safety Check", "Extended Warranty In- 
which ranged from incorrect, or missing, locking washers spection", "Fine Tuning", "Voluntary Free of Charge 
or circlips to the wrong rivet material, from inadequate Recall", "Personal Reminder"... etc. 
pre-loading to material of nuts and bolts not being up to But the system leaves unanswered such questions as: 
specification. 

1. Why do we have an average of ~ million voluntary 
It is all too easy to dismiss these as minor problems, 

recalls in Britain every year, mostly on relatively 
which owners will have attended to as soon as an assembly 

new cars and often well before they are due for their 
becomes sloppy or rattles a bit, in other words long before 

first MOT safety check, i.e., at under 3 years or at 
a real safety hazard occurs. But that argument loses all 

less than ~ of the designed life? 
credibility when it comes to suspect seat belt £Lxings which 
could affect some 15,370 cars, for they could fail at well 

2. Is this really the most cost effective way of d~ng 
with such situations? 

below their design load, and at the first time they were 
called upon to perform. 

3. Whilst generally only a small fraction of all the cars 

What possible reason should induce an owner of a 
sold would be at risk, who can determine with cer- 

factory new car to check after a bit of brisk motoring 
tainty which ones? 

whether the self locking nuts on his front suspension are The tracing of owners, the follow up administration 
starting to come undone or suspect that there is a like- work, the provisioning of special tools, replacement parts, 
lihood that the purposeful growl of the sportier version etc., under the Voluntary Recall System, on average, costs 
of a popular family car is due to hub flange bolts stretching 20 to 100 times as much as getting it right first time, 
under the increased loading? Would he not be entitled to namely at the manufacturing and assembly stages, 
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THE EFFECTIVENESS OF COMPULSORY as when moving in or out of side streets, going up or 

VEHICLE SAFETY CHECKS down ramps, on roundabouts, even reversing to park. 
These are usually fairly slow speed manoeuvres. Defective 

~qaile statistics exist about Recall Campaigns, little is tyres, on the other hand, frequently fail at speed or when 

known about the changes of primary and secondary safety attempting a rapid lane change. 

of vehicles due to age deterioration or how effective MOT 
type safety checks really are. For reasons of cost, annual BRAKE DEFECTS 
or biannual compulsory safety checks can only cover a 
lirrdted number of essential safety features. The real value Can one be sure that of the recalls concerning hydraulic 
of such compulsory checks appears to be in persuading brake defects--in which the owners did not call on the 
owners to replace doubtful and part-worn parts prior to franchised dealers to have them rectified, over 10,000 in 
submitting their vehicles to the MOT or equivalent test. 1980/81--none will manifest themselves later on in loss 
Alternatively they may decide that the time has come to of control in situations where the driver brakes to avoid 
scrap their car, if they are afraid that the cost of the a collision, or attempts to slow down from high speed 
n~sary repairs and parts replacement to ensure a pass prior to changing direction? 
is substantial or more than they can afford. Nearly 200 cars had rear brake slave cylinders of too 

’I~ere are obvious economic limits to the scope and large a diameter, which would cause premature locking 
methods of inspecting cars. The costly procedures of prop- up of rear wheels and thus could produce a rear end slide 
erly recording and feeding back relevant data to the ve- during emergency braking. Over 8,500 had suspect brake 
hicle and component manufacturers (in such a detailed servos, and the remainder had wrongly assembled brake 
manner that these could be used by them to improve their units or badly routed brake lines. 
products), has hardly ever progressed beyond the stage After Accident Investigation by a traffic accident 
of discussion paper or feasibility study, vestigating police officer would rarely establish that the 

car involved had a questionable braking performance due 
to "inherent manufacturing defects", particularly so 

WHAT ARE THE REALISTIC RISKS OF relatively new cars. For he would at best carry out a static 
FAILURE TO TRACE AND RECTIFY test to establish whether the hydraulic braking system 
SAFETY DEFECTS? was still pressure tight or not. If the system held pressure, 

he would naturally assume that the driver rather than 
Despite the excellent response to the recall campaign the vehicle manuacturer was at fault. 

by the owners and the garage trade, over 150,000 cars 
were missed that year in the UK alone. It is not unrea- 
sonable to assume that they too followed the general TYRE DEFECTS 
pattern of vehicles recalled for safety checks, namely that 
only between 3% and 8% were really at risk of imminent When it comes to tyres, there is far less inclination by 

failure. The number of new vehicles in circulation in the manufacturers to arrange for a voluntary recall. In recent 

UK with such latent defects is therefore not likely to be years the quality control of several tyre manufacturers, 

in excess of about 12,000, or of the order of less than 1% as well as their skills, have improved considerably. Some 
of the annual registration of new cars. tyre manufacturers act more responsibly than others. 

The number of older or badly maintained cars which There remain, however, those manufacturers who rely on: 

are at risk from latent defects is, of course, much greater. 
But little reliable data exist to quantify this. It thus be- 

a) the difficulty of aggrieved motorists being able to 
prove manufacturing defects, for it is all too easy 

comes more a matter of extrapolation of limited in-depth 
after a tyre failure to ascribe it to owner neglect or 

investigations and "expert opinion", guesswork, even ru- 
mours freely circulating in the garage trade and insurance 

abuse, 

circles, 
b) suspect tyres tend to wear out fairly early in the:ir 

life, or, 
Fortunately, not every mechanical failure occurs at c) some suspect tyres are so difficult to balance that 

speed, nor does it generally result in injury accidents, the motorist will return to the tyre dealer who will 
These are the accepted reference standards by which to then make a concessionary adjustment and fit a 
judge whether the various steps taken to minimise acci- replacement one. 
dents have been really effective. For every recorded injury 
accident about 18 to 22 occur involving minor or quite Two or three tyre manufacturers have gone beyond the 

extensive damage to the vehicle only. And a far greater voluntary code commitment of the Tyre Industry and 

number are near misses (1). generously replaced substantial numbers of their high 

Many of the fastener failures on suspension and steering performance tyres as a precautionary measure, once cezr- 

will occur when applied loads are relatively high, such tain manufacturing shortcomings have come to light. For 
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no manufacturer enjoys condemnation by the media fol- ance in these vital characteristics over a wide spectrum 

lowing a series of unexplained serious accidents, even of environmental and operating conditions. This is par- 

thou~ he may be exonerated from blame in subsequent ticularly important if ageing and lack of maintenance 

court proceedings, could drastically lower the effectiveness of brakes, tyre 

grip and predictable and crisp steering input response. 

Superb performance for certain conditions and there- 

after a dramatic loss of control, once a threshold limit 

ACCIDENT CONTRIBUTING FACTORS         has been reached or environmental conditions have al- 

tered, may well give a false sense of security to many 
It is always difficult in accident investigations to clearly drivers when motoring under favourable conditions. If 

identify and record all contributing factors, particularly the driver receives early warning of impending but pro- 
if the vehicle is badly damaged. While it is generally 

gressive loss of control over a widely varying set of con- 
accepted that mechanical defects are not the prime cause 

ditions, with time to take some corrective action, he has 
of injury accidents and that driver action may well be at 

a better chance of surviving, with a bad fright or a minor 
least a major contributing factor in ~ to ~ of them, one dent to his ego or his car, than in the case of total con- 
cannot ignore that, in real life situations, road layout, trollability up to the limit of adhesion of tyres, followed 
traffic conditions, other road users, wind and weather by a spectacular spin, if he tries that little bit too hard. 
have considerable influence on the sequence of events For tyre to road grip can vary substantially on any long 
leading up to or aggravating the accident, distance trip. 

It depends so much on the type of surface dressing, its 

harshness, macro and micro texture and state of polish, 

WHAT CAN BE DONE TO IMPROVE THE which in turn are greatly affected by level of heavy trucks 

SITUATION? travelling over it daily. Whether the surface is dry, damp 

or rainsoaked, is of major significance. In most loss of 

control accidents it takes only about ~ second for the 
There is lktle that can effectively be done about varying 

climatic conditions, which play a major role in creating 
transition from marginally safe to alarming and a further 

the pre-conditions for road accidents. The erection of 
~ to 1 second for the driver to perceive the danger and 

wind breaks, better road layouts and improved traffic 
react as best he can. Yet in many instances the road layout 

flow, lane segregation of slow and faster moving vehicles 
could be such that total loss of control would take place 

are desirable alleviating features, so are purpose built 
within 1~ seconds. 

motorways and urban ring roads, but all cost money and 

it takes a good deal of time before they are fully imple- 

mented. 
TYRE TO ROAD GRIP 

Better Driver Training, and Government Safety Prop- 

aganda is costly. Yet, despite persistent exhortations, good 
Most car tyre testing has been carried out on wet sur- 

advice, even visual horror shock treatments on television, 
faces, for this gives a lower /~ value (and hence longer 

etc., it is difficult to detect signs of improvements in 
braking distances), than in the dry. The aim throughout 

the last 15 years or so has been to give a new car tyre as 
driving habits. Motorists still take unnecessary and un- 

warranted chances, 
near the same/z value as applies in the dr), and it is no 

Even police prosecution and heavy fines for offenders longer remarkable to find that for the same road surface 

against traffic regulations have only a temporary deterring 
(other than the Bridport Pebble with its very tow ~ value) 

effect. One must therefore accept that there will always the ~ value (wet) is about 0.80 × ~ value (dry). But 

be some careless, even reckless drivers about, 
there are considerable variations between certahn makes 

of tyres. The range of/~ (wet) = 0.75 × (dry) to/~ (wet) 

-- 0.85 × (dry) covers most West European quality tyres. 

But we have come across values as low as /~ (wet) 

THE CONCEPT OF THE "FORGIVING" CAR 0.63 × F (dry) on car tyres from hot, dry countries. 

While many tyre manufacturers are using similar types 

Cars should, therefore, be designed to be as forgiving of polymers for their tread compounds, there are differ- 

as practicable to the incautious or erratic driver and not ences in "effective #", particularly in the wet. Each man- 

merely be approved by "expert" drivers as having a ufacturer will tend to select a compound which suits his 

"sporty appeal". In other words, the maximum techni- production plants and gives the best compromise in the 

cally feasible may not be the ideal solution. It is, in my quest for a low cost tyre which has good wear resistance. 

opinion, preferable to have a car with accelerating, brak- good braking charcteristics in the wet, high speed dura- 

ing and road holding performance of below the maximum bility, and performs well over a wide temperature range. 

technically feasible, but with little variation in perform- These are often contradictory requirements. 
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In order of significance the options of change open to wheel mounted inside the wheel base and set at an angle: 
a tyre manufacturer to optimise his new range of tyres of 20° to the direction of travel. The smooth tyre is similar 
are: to that used on the original sidecar, but has a different 

rubber composition. 
1. Tread Rubber Compounds. The first of these special SCRIM vehicles was corn-. 
2. Tyre Construction Details. 

missioned in 1968 and several have been sold overseas. 
3. Tread Pattern. In addition to this, a special braking force trailer has been. 

In part-used tyres the tread wear pattern, and panic- used to record locked wheel braking and peak braking 
darly the remah~g depth of tread, is often of greater effort at speeds up to 130km/h. The advantage is thai 
si~aqcance than the 3 factors listed above when operating standard production tyres can be used and compared 
on rain soaked roads, against the smooth reference tyre. Similar trailer units 

Typical "/~" values obtained when braking from 50km/ are in use in various parts of the world to facilitate tyre 
h on a dry concrete surface for 3 different I65SR13 steel development work. All the above test vehicles suffer to 
belted radial tyres were: a greater or lesser extent from several defects. On heavily 

TYRE TREAD trafficked routes road surfaces can have marked undu- 

PEAK LOCKED WHEEL      COMPOUND lations and hence the vertical loading on the test tyre is 
not constant. It will be influenced by the vehicle suspen, 

0.96 0.88 = .92 )< Peak 23% High Hysteresis sion dynamics and these will differ from one type of test 
Styrene Butadiene vehicle to another and will change with age and general 
(Most common on UK lack of maintenance of such vehicles, which are generally 
summer tyres) standing idle for many months every year. With age and. 

0.93 0.80 = .86 X Peak High Level of Natural exposure to ozone and strong light, rubber hardens and 
Rubber the tyre will tend to bounce up and down more. A bounc- 

0.85 0.70 = .82 × Peak High Level of Polybu- ing wheel does not develop full side thrust (SFC). 

tadiene (Commonly 
found on European 
winter tyres) HOW RELIABLE ARE THE TEST RESULTS? 

In 1978 the TRRL reported that, following the intro. 
The ambient air temperature was 18°C. 

duction of the SCRIM trucks for routine skid resistance 
measurements on the highways, an increase in side force 

SKID RESISTANCE OF ROADS coefficient (S.F.C.) had been recorded on sections of road 
on which no resurfacing work had taken place. But before 

Research on skid resistance of roads started in Britain taking these at face value one must be certain that changes 
in 1927 at the National Physical Laboratory (NPL), and in the test equipment and its associated instrumentation, 
has been continued ever since by the Transport and Road test ~aaethods, and procedures, as well as the character. 
Research Laboratory (TRRL) and various Highways and istics of the reference vehicles have not introduced a shift 
Lc,eal Authorities reporting to the TRRL. It was decided of the datum line. 
quite early on to concentrate on the tyre to wet road grip Average skid resistance throughout the UK had ap, 
during the surmnaer months with a normalised tempera- parently increased by 19%, when comparing 1973 and 
ture of 20°C. For this was considered to be the most 1974 test data with those of the preceding 10 years, and 

hazardous road condition, was 28% higher for the period 1975/76. The increase in 

~e first skid resistance measurements on wet roads SFC closely follows the progressive phasing out of the 
were ca.~ried out by mounting a smooth tyred wheel set oldez test vehicles (2). 
at a considerable angle on the sidecar of a specially mod- In order not to lose continuity of records the TRRL 
ified motor cycle and sidecar combination, and recording results from 1972 onwards have been "adjusted’, to bring 
via a mechardcal linkage system the vertical reaction be- them into line with the earlier data. But others using the 
tween tyre and road, as well as the side thrust of the same equipment have not done so. 
wheel. It is arguable that it might have been more sensible to 

Test speeds were moderate: 25km/h up to 50km/h. correct the earlier TRRL results and thereby avoid the 
For higher speeds modified road cars were used in the confitsion which will inevitably occur when current re- 
1950’s, front wheel drive Citroens up to about 1967, fol- search data emanating from many different sources are 
lowed in 1965 by Austin 1800 cars, in use until about being; compared. 
1972. These have since been replaced by speedily designed It would also explain why some of the author’s earlier 
tanker lorries canopying water. All of these 4 wheeled cars test results, when investigating loss of control and steady 
and trucks have one feature in common~a separate 5th state critical speed cases, were giving tyre to road adhesion 
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values about 25% higher than the TRRL’s. The fact that Since then many changes have taken place in both car 
tyre construction differs from one manufacturer to an- suspension and tyre design. Practically all new car models 
other and the inevitable change of properties with age have radial construction tyres, more and more of them 
and usage might account for difference in recorded values with steel reinforcing belts. These are essentially nonex- 

........... of around 10%--a fact that was not appreciated until the tensible reinforcing belts laid over a carcass of textile 
late 1970’s. reinforcing cords at an angle of about 87* to 90°, running 

The skid resistance of a tread rubber in contact with from bead to bead. 
a normal road surface can conveniently be separated into For car tyres the bias angle at which the reinforcing 
four rubber properties: belts run relative to the circumference is currently about 

1) adhesion, 2) deformation, 3) tearing and 4) abrasion. 18° for each of the 2 steel belts in typical car tyres of the 
............. All of these are quite obviously affected by the road SR and the higher speed HR rating. It has been steadily 

surface condition: whether it is rigid, such as brushed decreasing from about 24° to 26° for some early radial 
concrete or well embedded stone chippings in a tarmac tyres. The lower this bias angle, the quicker the response 
binder, or broken and with loose debris: whether the to steering input. But there are practical limitations to 
surface temperatures are high or low: whether the surfaces ever lower bias angles, for too low an angle (below 10°) 
are dry, damp, rainsoaked, flooded, snow or slush cov- makes a car’s steering over sensitive and, under the in- 

.......... ered, icy or coated with a traffic film of oil, dust and fluence of suspension movement over a normal road sur- 
rubber debris. Above all the degree of polishing of the face with some undulations, would result in a lowering 
road stones exerts a major influence. This in turn is af- of the straight line stability back to the 1930 to 1950 type 
fected by traffic flow. Buses and trucks in particular tend crossply tyres, where the driver had to constantly correct 
to polish most road surfaces and thereby lower their wet the steering at anything above moderate speeds. 
griP. 

OTHER TYRE DESIGN CHANGES 
STATE OF TYRES AS ACCIDENT 
CAUSATION                                          There has been a steady trend in making winter tyres 

have more ruggedly knobbly groups of tread blocks stand- 
Surprisingly little reliable accident investigation infor- ing well proud of the large open channels which separate 

........ mation exists in the UK on the relationship between injury one group from the next. For the summer tyre the ribbed 
accident frequency and the state of the tyres before the design is being replaced by more open yet interlocking 
accident, particularly the depth of tread and whether blocks. 
tread wear is even. What little information does exist is In the past the land to void ratio, i.e., the ratio of area 
generally pre 1968, i.e., before the minimum tread depth of rubber ribs or blocks in a normal dry road contact 
regulations became mandatory in the UK. patch to that of grooves and channels not making contact 

The BRMA has commissioned in 1982 a Research with the road was of the order of 80:20; currently it is 
Project with Birmingham University to correlate their On about 60:40. 
the Spot Accident Investigation Analysis with tyre con- The purpose is to ensure adequate drainage of surface 
ditions, tread depth and road surface conditions, partic- water, even at relatively high motoring speeds, which is 
ularly depth of water. This is probably the first serious essential for safety in handling and braking. If water is 
in-depth investigation along these lines ever undertaken not drained rapidly, then a wedge of water builds up in 
in the UK. The factual data from other countries are front of the contact patch and the dreaded floating off of 
"patchy’, or circumstantial, the tyre, known as aquaplaning, takes place. 

CHANGES IN TYRE TREAD WEAR OVER CHANGES OF FOOTPRINT WITH 
THE PAST 10 YEARS CHANGES OF TYRE ASPECT RATIO 

On crossply tyres, tread wear is generally fairly even On the normal type of car tyre with an aspect ratio of 
across the full tread width, provided correct tyre pressure around 80, the "footprint" of a tyre on a dry road is 
is maintained. Too high an inflation pressure results in about that of a man’s shoe and significantly longer than 
pronounced crown wear. Insufficient tyre pressure results its maximum width. 
in wear on both shoulders. More wear on one shoulder, As the aspect ratio is reduced to 70’ 65, 00, 55, or 
usually the outside shoulder on the front tyres, was in- more, then a progressively flatter sportier appearance is 
dicative of suspension characteristics of many cars, due produced. Such lower aspect ratio tyres may or may not 
to marked camber changes. For rear engined rear wheel have a greater load carrying capacity, but they certainly 
drive cars, like the old VW Beetle, it was pronounced affect ride and handling, for they alter the steering ge- 
shoulder wear on the rear tyres, ometry. 
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Above all their dry and wet road footprint changes. As Whereas crossply tyres tended to wear out in under 

as~t ratio is decreased, i.e., as the tyre becomes fatter, 25,G00km of normal motoring; it is nowadays not un- 

the "footprint" changes from an elongated ellipse with common to achieve twice that on most quality steel belted 

its major (greater length) axis in the fore and aft direction radials before they are worn down to the legal lhnit of 

to one with its mJnor (shorter length) axis in the fore and lmra tread depth. With an ever increasing proportion of 

aft direction. This is not a desirable feature, for it reduces cars being front wheel drive, the rear tyres can achiew~ 

the pneumatic trail, which provides the self aligning a remarkably low wear rate, at least on well designed 

torque and good straight line stability. Very low aspect cars, and can last for many years on relatively low annual 

":itte"" ratio tyres tend to make a car more j ry ; also they mileage cars. 

frequently tend to be more easily affected by water on In contrast to the front ones, which have to provide 

the road surface, following a heavy rainfall, and can be the forces and moments to effect steering and power trans- 

more prone to aquaplaning, and hence a potential loss of mis.,fion, the rear ones tend to carry less than half the 

control, weight and are primarily trailing, If the suspension system 
~w aspect ratio tyres tend to be fitted to the more is reasonably well chosen, then the sideways guidance 

~werful versions of saloon and sports cars, which are forces and braking provided by the rear tyres should never 

frequently driven with more verve and at higher speeds be raore than a fraction of what the front tyres are called 

than their lower specification humbler counterparts. The upon to provide. 

transition from just manageable, i,e., mar~nally safe, to Whilst there are some notable exceptions to this rule.,, 

unpredictable (ha which neither braking nor steering effort (in which the rear tyres wear out all too quickly, almost 

properly control the car’s intended progress) is often brief regardless of tyre brand selection), in the vast majority 

and sudden, when owners wishing to improve and cus- of modern designs the service life of rear tyres can be l~/z 

tornise their vehicles go further in their modifications than to 2 times that of the front ones--barring kerbing damage 

the vehicle manufacturers thought wise, This applies par- or ~ndiagnosed punctures. It is therefore not uncommon 

ticularly to the jacking up of the rear end and fitting of to see cars in circulation with some 6 to 8 year old tyres. 

l~ger diameter and/or wider tyres. It is a mistake to fit 
extra wide tyres, willy nilly, to standard production cars, AGEING EFFECT ON RUBBER TYRES 
and can make a fairly docile car into one that is only 
marginally safe on twisty, wet roads. Both sidewall and tread rubber are likely to harden, 

craze and crack with age, exposure to oxygen, ozone,, 

THE EFFECT OF SUSPENSION DESIGN 
strong sunlight and high temperature. 

Whilst quality tyres have small quantities of fairly 
CHANGES 

costly additives to counter these effects, mixed in with 

On early independent suspension cars dynamic camber the respective rubber compounds likely to be so affected, 

changes used to be quite considerable, of the order of 8°. 
the majority of tyre manufacturers did not anticipate that 

This was the reason for the domed appearance of early 
a substantial number of their tyres would still be in regular 

tyres, including the first generation of steel belted radial 
use 6 to 8 years after manufacture. At the time of their 

tyres, which tended to be fairly narrow by modern stand- 
mar~ufacture average life expectancy was very much 

ards. It also made the definition of effective tread width 
sho~rter. So some of these car tyres probably did not have 

a bone of contention in legal actions, and this in turn is 
sufficient special additives to remain supple for such a 

partly the reason for the current arguments in the UK 
long life. 

¯ Synthetic and natural rubbers are generally so for- 
about minimum legal tread depth. 

In the intervening years the car manufacturers have mulated that modern car tyres have a reasonable shelf 

effectively given a more level ride to their more recent 
life, under careful storage conditions, of 2 to 3 years, plus 

models and greatly reduced the dynamic c~ber changes, 
a normal in-service life of at least 2 years. During these 

This allows wider tyres, and squarer shouldered ones at 
5 years a degree of leaching out of oil extender to the 

that, to be fitted. The effect of this is safer braking and 
surtace is to be expected and this will generally manifest 

higher safe cornering speed limits, 
itself in fine surface cracks and some hardening of the 
running surface. 

It will also mean that there will then be a greater 
WHY LONGER TYRE TREAD LIFE POSES diffi.~rence between dry and wet road grip than that found 

NEW PROBLEMS on ~aew tyres. This can affect handling and braking re- 
sponse when motoring on roads which are dry one mo- 

Modern steel belted car tyres are now lasting so long ment and wet the next, if one of the tyres fitted is oldl, 

under normal operating conditions that they should be whilst the others are relatively new. A similar problem 
replaced on grounds of safety, before being worn down can arise if one new tyre only is fitted, the remainder 
to the legal minimum tread depth, beir~g 6 or 7 years old. 
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Age on its own is not the main criterion. The condition When motoring briskly, tread shoulders tend to "bite" 

of storage affects shelf life and the normal cyclic loading into the road and are providing the majority of sideways 

of a tyre in use can have a fatiguing effect on the carcass, force required for safe cornering. We found that under 

in particular the rubber bonding strength, these dry road surface conditions, the harder the tread 

Tyres are on display in garage forecourts and special surface, the lower the sideways grip. When driving 

depots. In the ordinary open site garage forecourt the briskly, a car with one tyre with just legal tread depth or 
following may be present to a greater or lesser extent: badly worn shoulder whilst the remaining ones have a 

high ambient temperature, rain or high humidity, ozone, fairly uniform tread depth of at least 3mmwmay show 

strong sunlight, fuel and oil vapours. Warehouses are peculiar handling characteristics. It will tend to run wide 
often poorly ventilated and very hot in summer. Whereas on left hand bends, yet will follow a neutral path on right 

the tyre manufacturer may control storage to minimise hand bends when the shoulder worn tyre is on the fight 

age hardening effects, the subsequent links in the chain, front wheel. Rotating the tyre to different positions dem- 

from newly manufactured tyre to ultimate disposal of onstrated that, whenever such a tyre was on the outside 

same, are generally less scrupulous. It is a case of not of the bend and had to provide the largest amount of 

spending any money--if at all possible, sideways guidance force, it tended to slide sideways until 

The same applies to tyre use. Many are run with in- a new state of equilibrium was established, in which the 

different, infrequent or no checks at all on correct tyre flatter crown provided the restoring force. 

pressure maintenance (3). Once rubber has been degraded, Whilst such design features as track width and wheel 

however slightly, due to neglect, over temperature, ex- base, roll stiffness, spring and damper rates, play impor- 
cessive flexing, etc., it will never recover its designed rant roles, we found that a relatively narrow rim would 

properties, even though the tyre may recover its general aggravate the situation. For they allow the tyre wall to 

shape, flex to the extent that practicaljy 40% to 60% of the 
cornering force of a tyre is provided by the shoulder 
region. 

THE EFFECT OF UNEVEN WEAR ON TYRE Our road testing programme has not reached the state 
TO ROAD ADHESION where we can give categoric advice where it would be 

best to fit a tyre with a badly worn shoulder, for it varies 
One of the purposes of our investigation was to test from make to make and possibly model to model. Such 

whether tyres with pronounced shoulder wear suffered tyres should generally be considered to fall into the cat- 
from loss of grip and whether there was any correlation 

egory of "Get You Home---Slowly" spare wheels and not 
with increased hardness, be pressed into long distance high speed motoring. 

Dunlop and Karlsruhe University (2) have demon- 
strated that there is a considerable loss of braking per- 
formance of car tyres with pronounced shoulder wear, 
once roads have a film of water of lmm or more. ROOT CRACKING AND CORROSION OF 

For about ~ of the time roads in the UK are wet or STEEL BELTS 
rain soaked, though not necessarily always to the depth 
which would cause aquaplaning at speeds in excess of One ageing factor which tends to be ignored is cracking 
80km!h. There is little doubt that car tyres with pro- of the rubber in the root of tread blocks. As long as the 
nounced shoulder wear tend to lose grip in the wet when remaining tread depth is still legal, few motorists will 

motoring briskly, both in braking and in cornering. But change their tyres. The cracking may be due to ozone 

our tests, which confirmed this, also established that the attack, polymer migration, or mechanical working of the 
same applies when cornering in the dry, though straight tread blocks causing local fatigue degradation, or a corn. 

line braking was not affected, bination of these factors. "Whatever the causes, the con- 

We also established that there can be a noticeable dif- dition favours flint cuts penetrating right through to the 
ference in hardness across the tread width of unevenly top belt and thereby allowing ready ingress for moisture 

worn tyres. It is somewhat academic to the motorist and corrosive salts. Corrosion of single strands of w~e 

whether this apparent increase in hardness is really due or larger areas of the steel belt will then follow. 

to the influence of the steel belt being closer to the running Depending on the detail design of wires and their cov- 

surface or the partial exposure of undertread or edge strip erage with rubber during the processing stage of the steel 

rubber. There is not the same degree of resilience and belt (including the hollow centre of the bundle), it is 
flexibility on a shoulder worn down below about 1 ~mm possible for wire bundles to act as a wick. Then rusting 

of tread depth. Up to around 2~mm tread depth there is out of wires may take place 150ram to 250ram away from 

no apparent hardening effect, even on 7 year old tyres, the local penetration. Moreover, such penetrations, even 

over and above that due to age-hardening. However, at if they go right through to the lower belt, will generally 
below lmm tread depth the effective hardness is signifi- not result in loss of inflation pressure. On tubeless tyres, 
cantly higher than on the less worn rest of the tyre. which make up the majority of tyre fitments, even a 
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penetration right through both belts may not cause any- polyraer in high hysteresis styrene butadiene rubber, (See 

thing more noticeable than a slight air loss. This can go Graph No. 1). 

unnoti~ for days and weeks. Undiagnosed steel breaker 
weakness can manifest itself in breaker edge loosening, . 
uneven w~, tyre creaking, vibration, and in some cases 
in total structural collapse (CBU), or tread strip. 

85~ __,~- ...... ," ..... 

FACTORS AFFECTING AGEING OF TYRES 

The properties of tyres change with ageing and con- , 
dition of storage. Research by B F Goodrich (7) has 
indicated that there are two phases of changes of physical -- 

.... H, gher Potybutadl~ne Co~ound ~yres 

properties~a slow one from the day of manufacture to 
about day 30, and another more pronounced one there- ~;~ 

after. Both genera~y cover the period before tyres reach 
the ultimate user, at least, in the UK. This is true for 
both OE equipment on new cars and replacement tyres 

T~ead rubbers containing a high level of polybutadiene 
sold through retail outlets. 

The question arises whether tyre manufacturers have 
or natural rubber tend to rise in hardness with age at 

put sufficient anti-oxidant, anti-ozonant and general anti- 
about twice that rate. It is self evident that in order to 

ageing additives into the composition and blending of 
establish absolute values one needs to have access to the 
production quality control records of a very substantial 

rubber compounds ~articularly tyre tread compounds) 
number of tyres of many different makes. One must take 

to ensure suppleness, resilience and hysteresis to be un- 
note of such details as changes in compound composition 

affected by time, indifferent storage and subsequent usage. 
When assessing the age effects~particularly on hard- 

over the time span investigated, particularly percentage 

ness and elasticity~it is all too easy to forget that com- 
content of the various compound constituents, including 

pound composition and processing details may well have 
oil extenders, particle size and type of carbon black used, 

ch~ged over the years and that each new formulation is 
sulphur and accelerator used, vulcanisation time and tem- 

a compromise, with limited factory options to deviate 
peral:ure. 

We have no access to such company confidential, his- 
from the original s~ification, 

torical data and have therefore had to confine ourselves 
When we started on our investigations we were con- 

to noting typical trends, based on a statistically significant 
fid~t that one could establish a watershed type demar- 

sample of new, part worn and well worn steel belted radial 
cation ~e, which would allow one to say that tyres over 

car tyres. We cannot comment in detail on the service 
about 5 years old are age-expired and suspect on a variety 
of counts and should be discarded in the interest of road 

and storage history of individual tyres, other than that 

safety, 
all had been in regular use on cars just prior to our tests 

I am no longer convinced that such a clear demarcation 
or had been inflated spares. However, we take the prag- 

line exists and yet feel that it is prudent to put a time 
marie view that ordinary motorists also have no such 

limit on certain rubber based components, for the follow- 
information to guide them. 

ing reasons: 
Rubber, unlike metal, is a material which, with time, 

gradually and progressively changes its elastic and other THIE EFFECT OF TEMPERATURE ON 
mechanical properties, including its strength of bond to RUBBER PROPERTIES 
me~ or fabric. There may well be an undetected migra- 
tion of oil extender polymer to the surface with conse- It has long been appreciated by the rubber industry, 

quent loss of resilience. In practical terms many 6 or 7 though not by the general public, that heat is the enemy 

year old tyres will have become seriously age affected, of rubber and that once a normal car tyre has been locally 

A convenient way of monitoring ageing effects for each heated to around 100*C or above, even for a relatively 

brand of tyre is to record surface hardness in either short time only, it will lose many of its physical properties 

Shore A or IRJ-ID values against time lapsed since week without a chance of recovery. 

of manufacture. We noticed a fairly rapid increase during This affects in particular the bond strength of rubber 

the first few weeks and a very slow subsequent hardening to steel or textile fabric, When such heating does take 
at the rate of about ~/~* to 1" per annum for many of the place, although it may be below the original cure tern- 

fairly standard tread compounds with relatively little oil pera~:ure of around 140"C, the desirable polysulphidic 

extenders, such as one having a 23% to 25% styrene co- cros,,~ linking of the rubber polymers tends to break down 
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and changes to the weaker two or single sulphidic cross THE ALL WEATHER TYRE 
linking. 

Cooling the tyre, generally, does not have such an The ideal of the true all weather car tyre, which can 
............ irreversible and permanent weakening effect. Whereas it span all the operating and environmental conditions likely 

ii is not uncommon for grossly underinflated tyres to to be found in, say Western Europe, has not been achieved 
achieve local heat build up in excess of the bond strength to date and probably will not be a commercially profitable 
of textile fibres embedded in a matter of minutes, i.e., venture. For it would be expected to be optimised for hot, 
after a relatively short distance run, few situations arise dry road, long distance high speed motoring in Spain on 
in the UK in which a tyre reaches such a low temperature the one hand and cold winter conditions in Scandinavia 
as to approach the brittle impact fracture phase, where on the other, with a fair sprinkling of rain, snow, slush 
hitting a pothole might shatter it like glass, and water covered icy patches as well. These contradic- 

All the same as temperatures drop below about 5°C, tory requirements would call for very costly rubber corn- 
the resilience drops drastically in some tyres, particularly pounds to be chosen. 
so in the tread compound, which gets significantly harder. To achieve a reasonable compromise means sacrificing 
In other rubber mixes this change is not so apparent. The either wear or wet grip, or high speed durability. There 
selection of the polymer is critical, for it greatly affects are limits to what can be achieved by rubber compound- 
the range of operating conditions at which the tyre will ing, carcass design and tread pattern changes. We may 
out-perform its competitors, well have to accept a set of normal summer tyres suitable 

For over 15 years, or so, the trend in Europe has been for most of the year and a set of winter M + S tyres having 
to optimise wet grip without sacrificing tread wear. This more aggressive looking, bolder tread blocks and above 
has generally been achieved by high hysteresis rubbers of all a tread rubber compound which remains resilient even 

........... the Oil Extended SBR (Styrene Butadiene Co-polymer) at very low temperatures. 
type. At least this is a sound precaution for those owners 

Such rubbers have a glass transition temperature, Tg, who operate in Scotland and Northern England. Over the 
of around -55°C, at which temperature the rubber last 3 winters even the UK, particularly those areas ex- 
changes most rapidly from an elastic to a glassy state, posed to North Easterly winds, experienced air and 
All elastomers have such a transition stage. For the con- ground temperatures sufficiently low for diesel fuel to 

....... ventional tread rubber compounds the highest hysteresis freeze in the fuel pipe lines and filters. It may be an 
.............. .... occurs at about 30"C above the Tg value, falling drastically occurrence which takes place only for a week or two, but 

as rubber bulk temperature drops, and reaches zero at it affects many people. 
around Tg. As rubber temperature rises above Tg + 30"C Because it is an infrequent occurrence in the UK--at 
value, the hysteresis decreases fairly rapidly and then least the --20"C winds sweeping across exposed major 
settles to a plateau, trunk roads--it tends to be ignored by motorists until 

Whereas many of the conventional SBR or OESBR they find themselves in a situation where progress is haz- 
tread compounds for summer tyres will be quite hard at ardous. Unawareness of what tyres can and cannot do in 
below -- 12°C ambient conditions, the polybutadiene extreme conditions has led to some fatal accidents, which 
based ones and some of the natural rubber or polyisoprene were, however, dismissed as "driver error’, or misadven- 
type will still be pliable at -30°C, or even lower. It is ture. 
important to remember that the majority of cars in the 
UK are left out in the open, rather than kept warm in a 
lock-up garage. 

TESTING OF TEMPERATURE EFFECTS ON The average individual trip distance in the UK is under 
TREAD RUBBER HARDNESS 5 miles. This is insufficient to warm up tyres on the critical 

first journey of the day to reach the reference tyre tem- 
When we compared the temperature effects on new, perature of 20°C, or 38"C, which are convenient sets of 

unused tyres with those that had been in service for a laboratory conditions. It takes about 17 to 20 miles of 
number of years, we noticed that there was more to it normal motoring before radial tyre temperatures stabilise, 
than could be explained by just considering the remaining For crossply tyres it may be nearer half that distance. On 
depth of tread, Ordinary field service, age and mileage average the tyre temperature as measured in the tread 
travelled, caused the older tyres to be significantly harder grooves is 15°C to 20°C above the ambient air temperature, 
than the new ones when tested in the conditioning chain’ More aggressive motoring will result in doubling this 
ber (a large industrial oven-freezer at temperatures rang- increment. The extent to which one tyre warms up more 

than another under identical operating conditions de, ing from +50"C to --25°C. (See Graph No. 2). 

pends on constructional details and selections of mate, For unused tyres we could see two basic patterns: 

dais, The cooler a tyre runs, the lower its rolling resistance 1. The high butadiene or part natural rubber polymer 
and hysteresis, tread compounds found on several winter tyres of 
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fore, suggest that it is not possible to relate tread hardness 
~_vs~o rr~s values directly to tyro grip for ambient conditions below 

~ freezing of water. Other rubber properties become very 

w~ L~~-’y~ -W0 important under these conditions. All the same, a very 

~ ,:~.--~c~.~yyy~. ~ 
hard rubber would not be a desirable feature, nor should 

-1 ~ ~h ~y~ ~ --~...,~.. | 
ValUes on the 4 tyros fitted to a car. 

~ o~,~ ~F~ x.,. ~’-~~-- -ko AS far as part worn tyros are concerned, (See Graph 

s~- "~ ’~’~ ~--~-~’~-~Y-~-°>~ @ 
No. 3), they follow the same general trend of hardening 

Tyro fread temperature_ 

PART-WORN rYg~5 

IRHD gubOer hardness 
I IRHD 

different makes, had a basically softer compound, 
~co~- x. 

" | -~o 

which retai~ its elasticity of around 65* IRHD (or 

Shore A) almost unaltered to about + 3°C (i.e., from ~- 
very high ambient down to black ice conditions) and , ~r o~ ~r~h 

-" -~’- ~-’~-~ ~: .--~0 
then hardens progressively and fairly steeply with | 
falling temperatures, reaching an IRHD value of 90° 
at about--25°C. 

’ -~b go -~ ~o -~ Io ,~o .~o ÷~o ~o ~oc_ 

Tyro tread temperature 2. The hard wear:rag SBR tread summer tyros. These 
were harder at all temperatures and had a more 
gradual rise in hardness fight from very high am- 
bient conditions onwards. The hardness at about 
+ 3°C corresponds to that of the winter tyro corn- with a fall in rubber tread temperature. But there are two 

pound at about -- 13"C. As rubber temperatures fail factors worth noting: 

below freezing of water, a gradual divergence occurs, 1. Depending on the age of the tyro and its tread rubber 
depending on polymer selection for specific markets, composition it may be several points harder at the 
One tyro manufacturer’s summer tyro compounds 20"C reference temperature and maintain that dif. 
hardens to aromnd 90* IRHD at about --12°C. At ference over a fairly wide temperature range. 
about -- 18"C to -- 20"C it reaches the value of 98*, very low temperature the difference in hardness may 
which is equivalent to virtual total loss of tread be much less. 
compound elasticity, for it is almost the same as 2. Where the shoulder is worn to below about l~n~ 
that of the steel belt underneath, tread depth the effective hardness at such zones 

Yet a Spanish built tyro, which has to cater for some tends to be higher than that of the rest of the tyro 

snow conditions in parts of Spain, will retain some corn- tread, even for high ambient conditions. But as tread 

pound elasticity to below -- 25°C. At temperatures below rubber temperature falls, the hardness difference b~. 

about -- 10*C the difference in hardness can become quite tween a shallow layer of rubber and a 4ram to 6~t 

marked between these tyros--and so can their grip. depth of tread decreases, until at very low temper.. 

For comparison we also included a Russian steel belted atures there is virtually none. (See Graph Nos. 

radial tyro and a UK built crossply tyro. While generally and 5). 

harder they followed the same trend as the Spanish built 
steel belted tyro. 

One of the most difficult areas of tyro grip research is 
concerned with snow and ice. The density and cohesion 

of snow can vary greatly and tread patterns suitable for 
f~ly dry snow may tend to get clogged, once the heat 
from passing truck tyres has partly melted the snow into 
pronounced tracks or turned it into slush. Whereas really 

(worn shoulder) 
cold zones will have basically dry ice road surfaces, in 
the UK and many parts of Western Europe passing traffic 
~ abrade and/or melt some of the th~n ice covering. 

.lyre tread fe_t_n~erature 
The condition of a thin film of water on top of sheet ~.~. NO~ 

~ce is not easily reproducible in the laboratory. We, there- 
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clear breach of the traffic laws) would, most likely, not 
f~ubber hardne~s 

I IRHO 

effective tyre to road grip, for tiffs was of the order of 
20% to 25% for the odd nfixture of tyres fitted. Yet 
neither the tyre fitter nor the dr~ver were in breach of 

¯ ~e~a~p~h 7ram ~ the UK Tyre Regulations. 

5o ~ ~o -2o -, ~ o, .~o .,o .,o .~o o~ COMBINED AGE AND TEMPERATURE 

SUSPENSION ASSEMBLIES 

On a particular range of UK built models, major sus- 
Regardless of age and rubber compound composition, pension elements rely on rubber bonded to steel to provide 

any tyre which is harder than about 90° IRHD at the 
both elastic support, dynamJc damping of a wide range 

ambient conditions in which it has to operate, should be 
of random vibrations excited by the road unevermess, and 

considered no longer suitable for regular use. It is really 
a degree of axle location. In o~her words, the units must 

up to tyre manufacturers to specify what they consider 
be capable of dealing with rar~dom forces h~ all 3 

to be the safe hardness number for their products before 
tions. 

they are to be phased out. For there is the risk of incau- 
The field experience in countries which have abrupt 

tious mixing of old, high hardness tyres with new sorer 
and often dramatic temperature drops as winter apo 

ones. 
proaches---in addition to very uneven road surfaces, leado 
ing to high flex loads~is that a high proportion of these 

A FATAL ACCIDENT CAUSED BY suspension elements suffer from early collapse. In the case 
IMPROPER SELECTION OF TYRES of one application it was due to escape of wortdng fluid 

under high pressure. In another it resulted in a tear-out 
A typical case involved a medium s~zed saloon car, rear of rubber bonded mounts. Both types of failure usually 

wheel drive with 3 different makes of tyres on its 4 wheels, occurred within the first winter period, wherea~ in the 
The 25 year old driver decided to fit "knobblies"---old, UK these dements were known to last for years and 
part worn M+S type tyres to the front to get better sometimes long after they exhibited signs of surface crack- 
steerability on the cold road surfaces ha winter conditions ing of the rubber or even partial loss of adhesion to the 
of 15"C and, when one of them made rather too abrupt steel component. (See Photograph Nos. 1 and 2). 
a contact with the kerb and split, fitted the spare wheel In my opiuion, the designers, when selecting certain 
with its part worn (just legal) tread, grades of rubber, did not make adequate allowance for 

Cutting in and out, to overtake a line of slow moving the loss of mechanical properties of rubber at low temo 
vehicles, he reached a section of road which called for a peratures, particularly the changes in resilience. When 
more drastic change of direction, started to slide, braked returned to the heated laboratory in the UK, the hardness, 
and lost control altogether, finishing up in a broadside resilience and damping values of the oompanion units 
slice into a rigid steel post. The incident contains all the would be found adequate and up to specification. 
classic elements of an avoidable injury accident. There As far as I know, no one attempted to carry out full 
was a degree of almost reckless driving, over-confidence dynamic testing over a wide range of temperature before 
in the good grip of the winter tyre, a mismatch of tyre the cars went on sale abroad. Apart from any other design 
makes and types and a staggered junction layout calling changes which would reduce the suspension loadh’ag and 
for precise handling, dynamic deflection of the rubber par~, two steps should 

I feel certain that the tyre man who sold part worn have been taken: 
winter tyres did not mention that they should always be 

1. A move toward a rubber compound capable of per- 
used in pairs on the same axle and that having one "knob- 

forming over a vAder range of 
bly" and one almost bald tyre calls for "slow, get you 
home" motoring, and that in heavy braking one wheel 

eluding -2&C or even lower, and, 
2. Ensuring a better rubber to metal bond than that 

would lock before the other, causing loss of d~ectional 
of applying a chemical bonding cement straight on stability. The likelihood is that the tyre fitter would not 
to the steel parts, for these had not always been 

know any of this. 
meticulously cleaned of surface rust. 

The difference in tread hardness was of the order of 
15 points on the Shore A hardness scale at 20"C and at The required changes in material, metal surface prep- 
the -- 10*C operating conditions. A gross mismatch of aration and bonding process mig-ht have cost a few pence 
tyre pressure across the axle (which would have been a per car, but failure to respond to the env~onmental pc- 
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Handling tests were carried out on a well maintained 
Air Force Base runway, under conditions varying from 
dry and wind free to driving rain and gusty cross winds. 
The runway has good rain drainage and a high/z value 
for both dry and wet road surface conditions. 

Whilst differing from ISO handling test procedures and 
such routine tests as are carried out by vehicle manufac- 
turers, they tend to be more representative of accident 
avoidance manoeuvres involving sudden lane changes at 
speed. The relative, subjective rating of handling response 
and precision follows reasonably closely the pattern of 
real life narrow misses and collisions, as observed and 
reported to us. 

The purpose of the tests on a representative range of 

/ ! 
current motor cars, of West and East European as well 
as North American origin, was to establish: 

What the subjective limits of handling are, as experienced 
by different drivers. 

1. The extent to which these limits were related to the 
dynamic response of the vehicle’s suspension, steer- 
ing and general design characteristics such as 
weight, weight distribution fore and aft, steering 
gear, wheelbase to track width ratio, or tyre selection 
and tyre pressures. 

2. Whether they were determined solely by the crite- 
rion of tyre to road grip, as determined by "Ix’" 
derived from locked wheel braking tests. 

3. Whether safe handling at speed was predictable and 
repeatable in performance. 

4. Whether, when the limits of handling were ap- 
proached or exceeded, the vehicle could still be 
brought back into line by driver correction or was 
irretrievably lost. 

5. Whether it is possible to compare cars on a "merit 

culiarities of this and similar export markets have had of forgiveness" rating. 

far more costly consequences--the models have become 
unsaleable. Fortunately none of the failures which have "MERIT OF FORGIVENESS" 
come to my notice resulted in very serious injury acci- RATING OF CARS 
dents, though collapse of the suspension elements fre- 
quently caused loss of vehicle control and wrecked a A good indication of the relative rating under this 
number of cars and some street furniture. heading of one car compared to another is to measure 

the degree to which a cross section of drivers are able to 

CAR HANDLING OF OLD regain control over the car after approaching, with ex- 

NEGLECTED CARS cesslve zeal or high speed, an unexpected road hazard 
such as sudden switching of traffic from one side of a 

There is such a wide divergence in car handling char- motorway to the opposite one and back again in a very 

acteristics between individual makes and models, when short distance. This is a more searching test than the 

relatively new, that it is perhaps relevant to ask the ques- Slalom, which many car manufacturers have adopted for 

tion: "Are old, badly rusted cars inevitably less safe than car handling evaluation purposes. (See Sketch Nos. 3 and 

new vehicles?" Outward appearances can be quite mis- 4 showing the respective test courses.) 

leading and, in our experience, whilst the safe handling Vehicle handling characteristics cannot be adequately 

limit of some cars falls rapidly with age and mileage, this determined by one or two selected test parameters, and 

need not be so for all designs. The analysis of 800 vehicle many papers have been presented to cover individual 

handling tests carried out by the Automobile Association aspects of car handling (6, 7, 8, 9). This paper suggests 

in 1980-81 demonstrate this. another approach to establish transient input response. 
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or even braking system. Whereas most moderately com- 
petent drivers can cope with steady state and hence con- 
stan~: conditions, they frequently get caught out by 

...... ¯ .o, o~- unforeseen, possibly unpredictable, transient behaviour of 
a car in a severe change of direction manoeuvre, then 

~.~ ~,~____.~sr ~,,~ s~ ~,~s~ ~o~0_ over-react, and loss of control follows shortly afterwards. 
The course was laid out to test the real life combination 

of the driver and his vehicle in a situation which is not 
uncommon on multilane highways subject to periodic 
repair work on bridges or resurfacing. 

T~ae rise and fall for the length of the test course was 
modest, yet there was a difference in the way the road 
haz~rd presented itself to the driver. Approaching it on 

_, the downhill run, after coming up a gentle rise, he sees 

~ _ ~ ~ ~-~- ~ --~-~, ~ ~ a maze of bright red and white cones and has to slow 
y~:;~ ~-----~_ ~= down from a normal high spe~ approach, to find where 

~--- ---~¢~ he is supposed to position his ear, so as to progress quickly 

~ ~ .... through the lane change sections. 
~5 ¢~AF/USAF G,[~;NHA~4 CO’#tON E~ST COU~ Oecember,_7_.~ 

Approaching it in the opposite direction, he not only 
fmd:s the coned off section is almost upon him before he 
realises that it exists, but then discovers that there are 
more abrupt changes of direction to come, as he breasts 
the :first slope and dips into the hollow. 

I~t an effort to simplify the presentation of the complex 
intezaction of driver and car, I have devised Table No. 
1 on which the following are recorded against each test 
vehicle: 

The objective of our tests was to establish how vehicles 1. The principal factors which limit the maximum safe 
behave under abrupt and severe lane change manoeuvres speed through the course. 
~d how "safe" they were in the hands of a selection of 2. The major driver reactions to the car. 
drivers with markedly different driving styles. 3. q-he overall handling merit rating. 

Due note was also taken of the subjective comments 

by driver and front seat passengers and whether the prog- It can clearly be seen from this that in some makes 

r~ was smooth or jerky. We tested 13 popular European and models severe rusting of the body structure, though 

a~d North American cars whose design concepts, size, not desirable, may not be a limiting factor and that, in 

power and weight span the range of vehicles in everyday cow,anon with several other models, safe speed through 

use in large numbers in the period 1972-81~ Six motorists the course was determined by what grip the tyres could 

who differ markedly one from another in driving expe- exert under the severe sideways loading caused by the 

wince, temperament, driving style, age and occupation, rapid changes of direction. All drivers were agreed on 

drove these cars. Five of them, at least, could be consid- this point. In all cases the ultimate handling limit was 

ered to be better than average, jud0ng by their accident fomad to be. a function of the initial design. Much to 

free motoring, ranging from 150,0(~ to over 1~ million everyone’s surprise tyre pressure settings, even deliberate 

k~. The test against the clock (giving the fastest time) is gro.,~s mismatching, had less of an effect than the inbuilt 

not enough on its own. It clearly established the fact that basic vehicle handling characteristics. In some test runs 

the professional test driver consistently out-classed other there was momentary contact between road wheel rim 

drivers. It was more of a measure of the "merit rating" and the road surface, and in others the tyres were folding 

of the driver rather than that of the car. under, due to sideways forces, making contact down to 

With the much sharper change of direction which we about half height of the tyre sidewall in the extreme 

employed, the course is made up of a section of short handling manoeuvres. Screeching tyres and rapid tyre 

straights, which will induce most drivers to vary vehicle tread wear demonstrated just how severe some testing 

s~ by alternately slowing down and accelerating. The was. No ordinary driver would normally abuse his vehicle 

smc~thest and m~t experienced driver will vary his speed or Iris tyres to such a degree---he would generally tend 

relatively little, the more ragged driver will tend to brake to motor no faster than driver No. 6, the slowest of those 

into comers and accelerate hard into the straight sections, who took part in the handling tests. In other words the 

In so doing he may well excite one or more vehicle system sideways forces would tend to be nearer 0.4 to 0.5 times 

transient ha~-xnonics, in either suspension, steering, tyres, those generated by the professional test drivers. 
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Extensive tests by Daimler Benz, VW, Volvo, GM, and is not far behind the Snow Belt zones of North America. 

others, including those conducted by myself and my staff, It is significantly worse in that respect than most of Scan- 

have clearly established that the average sideways force dinavia, Germany, France, Italy, Eastern Europe and 

accMeration which motorists will accept as tolerable is Japan. Whereas the emphasis has for many years been 

around 0.3g (about 3m/sec/sec), for moderately fast driv- on retaining the skin deep cosmetic appeal, for this is 

ers it is around 0~4g (about 4m/sec/sec), and 0.45g (about most readily perceived by purchasers in monetary terms, 

4~misec/sec) for the spirited, more sporty drivers, the underbody structure is more deserving of attention. 

Similarly acceleration on the flat in excess of 0.15g Designers, stylists and product planning engineers 

(about 1 ~m/sec/sec) is rarely used by the average driver should look more closely at comparable vehicles of their 

travelling at around 40mph, it can be 0.25g (about 2.5m/ own and competitors’ makes after these have been in 

sec/sec) for the more sporty one, but it requires a re- service for about 5 years in these corrosively aggressive 

sponsive and sports car type power unit to be able to environments, rather than put all their trust in accelerated 

achieve much in excess of 0.3g (about 3m/sec/sec) ac- corrosion test results. For it must not be forgotten that 

celerafion, in most accelerated tests the following features are absent: 

Deceleration during braking is around 0.2g (about 2m/ mud, and dirt packing and ’breathing’ of joints and as- 

sec/sec) for check braking, 0.3g (about 3m/sec/sec) for semblies under dynamic loading in everyday motoring. 

moderate braking, 0.4g (about 4m/sec/sec) to 0.5g (about These allow mud, dirt and dust particles to erode away 
5m/sec/sec) for hard braking. By the time the average thin anti-corrosive layers at or close to spot-welds, then 

motorist has pushed the pedal so hard as to achieve full leave the steel unprotected against further attack. 

lock braking on all four wheels, he may be about to start Also important are the nature and concentration of 
sliding out of control, having lost all ability to steer out those dirt packs. These may contain not only aggressive 
of harm’s way. rock salt but also highly alkaline or acidic dust, the result 

Table No. 2 clearly shows that the transient sideways of road building or abrasive surface wear, as well as chem- 
acceleration figures achieved without loss of control were ical ~pray deposits due to agricultural pesticides, which 

quite high. varies from one part of the country to another. It is these 

In all the many tests we carried out, the heavily rusted dirt poultices which do the major corrosive weakening, 

8 year old Italian built cars demonstrated superior acci- and yet they are largely absent in the standardised ac- 

dent avoidance performance potential to the US built ones celerated test. 

of recent manufacture, regardless of any individual driv- Some of these dirt and mud poultices have been found 

er’s characteristic style of motoring, (as can be seen from even inside nominally closed sections of spot-welded sheet 

Tables Nos. 1 and 2). steel,, such as body sills, underbody stiffener cross mem- 
bers and underbody panel seams. Once established, they 
are difficult to dislodge. 

RUST DEGRADATION AND ITS EFFECT 
In general terms, the more parts are spot-welded to- 

ON CAR SAFETY gether to form the major stress bearing sub units, the 
greater is the risk of corrosion weakening as the car ages. 

There can be little doubt that corrosion can affect pri- 
No commercial process used in the mass production of 

mary safety and the crunch strength of the passenger 
steel bodied cars fully protects the immediate zone close 

sat%ty cell. Corrosion is an ever present degradation fac- 
to the spot-weld against eventual corrosion attack. Some 
of the proprietary wax or petroleum materials injected 

for, which ultimately will cause vehicles to be scrapped 
into hollow sections go a long way towards slowing down 

off. Body corrosion is an almost inevitable fate, though 
most manufacturers try to delay its onset for a number 

the degradation process. They do, however, require pc- 

of years. But, provided the manufacturers ensure that the 
riodic inspection and re-application. 

irnportant sections retain their strength for about 10 years, 
the effect of corrosion of the structure on both primary STFIUCTURAL CORROSION 
and secondary safety rnay not be as serious as a casual 
inspection for obvious signs of rust might suggest. 

The deterioration of the structure of the car due to rust 
can play as important a role in the aggravation of accident 

THE MANUFACTURER’S RESPONSIBILITY injuries as, for instance, the deterioration of steering and 
suspension elements, or poorly maintained brakes, both 

It is not impossible to see where, in a particular design of which may have been major contributory factors to 

and c~onstruction, corrosion is likely to arise to a signif- causing the accident in the first instance, 

icant degree after five to seven years’ normal usage in the In order to get a proper appreciation of the effects of 

UK and many other parts of the world. The UK ranks corrosion, it is important to compare, as far as possible, 

high amongst the most corrosively aggressive zones and like with like, namely similar types of accident, about the 
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Table 2. Peak lateral acceleration of vehicles achieved by different drivers. 

Road 
Car no. surface 1 2 3          4 5 8 

condition 

(1) dry 0.82g 0.73g 0.65g 0.65g 0.63g 0.35g 

wet 0.59g 
(2) dry 0.82g 0.80g 0.62g 0.75g -- 0.33g 

wet 0.80g 0.72g 0.58g 

(3) dry 0.82g 0.73g -- 0.70g m 0.35g 

(4) dry 0.82g 0.81g 0.71g m B 0.39g 

(5) wet 0.75g 0.70g 0.62g 0.70g -- 0.31g 

(6) dry 0.75g 0.68g 0.63g -- 0.58g 0.29g 

(7) dry 0.72g 0.65g 0.55g 0.65g 0.55g 

wet 0.47g 0.33g 

(8) dry 0.72g 0.71g 0.55g 0.70g --        0.35g 

(9) dry 0.68g 0.67g 0.55g -- -- -- 

(I0) dry 0.68g 0.65g 0.52g 0.54g 0.55g 

wet 0.45g 0.23g 

(11) dry -- -- -- 0.45g m _ 

(12) dry -- -- -- 0.50g -- -- 

(13) wet 0.63L ~ 0.4.=..=9:.~q~ ~ -- -- 

same impacting speeds and relative masses of the vehicles ture. In a rollover, the absence of corrosion at the upper 

involved. I eliminated high speed collisions of such a and lower junction of the pillars to floorpan and sil, as 

severity as would inevitably cause fatal injury, regardless well as to the roof and roll over bars, gives the occupants 

of whether the vehicle was badly corroded or not. For it a much better chance of escaping with a low level of 

is neither practicable nor desirable to make cars so strong injuries. 

that they will survive very high speed collisions. The No proper yardstick exists as yet by which to measure 

occupants could not survive the sudden deceleration, and assess the degree of corrosion degradation. For severe 

Relatively tittle published information exists about the rusting in a front wing may look very serious, but has 

effect corrosion has on structural safety, the integrity of only a negligible influence on the crunch resistance in a 

the car occupant safety cell and the level of injury sus- frontal impact. A bitumastic anti-corrosion compound 

mined by occupants (10). Corrosion is an emotive issue liberally applied to the underside of the floorpan may 

and not easily quanthqable. Many accident investigators disguise the fact that the coating has cracked with age 

would quite understandably conclude, after examining a and allowed corrosive salts and moisture unsuspectedly 

mangled wreck showing several rust affected sheet metal to do their worst. In a side impactmparticularly one 

panels, that the corrosion degradation must have in- where the impacting vehicle str~es the rust affected car 

creased the peak loading on the seat belt constrained not at right angles, but rather at an angle of between 50° 

human body and therefore added to the injury severity, to 70~ to the longitudinal axis---this may be a very dif- 

This need not be so. To begin with, one must clearly ferent matter, for it could result in the floorpan tearing 
differentiate between frontal and side impacts, rear end apart and offering very little crunch resistance. 

shunts and rollovers. 

In a collision, the progressive collapse of the body shell 
under impact dissipates a major proportion of the kinetic FRONTAL COLL~SION 
energy and the elastic deformation accounts for relatively 
tittle. A controlled collapse in a front or rear end impact The location, relative to the occupants, of the major 

can often be beneficial to the occupants, for it would tend masses, such as, power unit, transmission, wheels and 

to lower the numerical peak value and suddenness of the tyres, fuel tank, spare wheel, are of major sign~ca~nce. 

deceleration of the head. In certain structures rust can In a frontal coltision a transversely mounted front-wheel- 

produce just such a softening of the blow, due to the drive power unit, the engine, transmission, dr~ve shafts, 

reduced strength and hence different crunch resistance, wheels and tyres wil! tend to be pushed back into the 

But it frequently results in greater intrusion into the pas- wheel arch!bulkhead zone (where they will jam in tight), 

senger space of steering wheel and steering column and more or less as one concentrated mass. 

possible chest injury. The effect of advanced body and structural corrosion, 

In the case of side impacts, the deep penetration of the whilst it may manifest itself in the suspension and power 

impacting vehicle into the survival space may in a large unit attachment points being pulled out, ~ not generally 

measure be due to corrosion weakening of the body struc- alter the collapse mode by more than about 10% to 15% 
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Skefch N°°I. 

6      Design A. 
5 

d 

c 3 ’b 

further intrusion into the occupant safety cell. In a numo overall in fiat floorpan designs, to which the seat runners 

bet of designs it is much less. Steering columns, however, are attached by two bolts each. 

may not collapse in the mode they demonstrated in the In a previous analysis (10) the author drew attention 

Black Dully test, which is accepted as the Interuational to the toss of strength caused by severe underfloor 

norm. and/or body sill corrosion in small, old cars, and reported 

Re-arranging the power units into one mounted lon- on experiments carried out to simulate the type of collision 

gitudinally, but still with front-wheel-drive, will alter the commonly found at road intersections. The seats tended 

mode of failure, for the major mass can then be pushed quite readily to tear out of the underfloor and their run- 

farther into the front seat survival space, by tearing away hers. Where the seat arrangement is such that there is a 

the rust weakened bulkhead and underfloor sheet steel strong seat support structure, and general underfloor re- 

sections, inforcement, this risk of aggravated injury due to cot- 

In the conventional layout, power unit mounted in the rosion is small. But the vast majority of European and 

front and rear-wheel-drive, the degree of intrusion gen- Japanese car models in daily circulation do not have such 

erally tends to be greater than in a transversely mounted an arrangement. 

front-wheel-drive arrangement. But in modern designs the Notable exceptions in the popular and low priced car 

remaining stiffness and strength of even a badly rusted category are the obsolescent Fiat 124 and their East Eu- 

affected transmission tupmel would tend to prevent intruo ropean derivatives, the Renault 9, several quality cars 

sion of the propeller shaft. Moreover, in many instances, and, of course, the RSV’s of Renault, Peugeot and VW 

though the underfloor will buckle upwards and even shown at various ESV Conferences from about 1978 

where seat runners fail under impact, the gearbox, in being 

pushed back, wi!l also deflect downwards. In every case 

we have studied, the mode of failure was determined by 

the initial design, rather than subsequent rust weakening. .Sketch N~2. 
This is a bonus, for it allows one to anticipate, to a 

grit extent, collapse failure modes of age deteriorated, Design B. 

past reflected cars from the measurements of progressive 

collapse, under hydraulic pressure, in crunch tests of faco 

tory new cars and their major body structures. 

FLOORPAN CORROSION 

As far as frontal, oblique and side impacts are con- 

cerned, the effect of floorpan corrosion is most noticeable 

942 



SECTION 5: TECHNICAL SESSIONS 

wards. But such arrangements add weight and cost. Es- Failures generally do not occur until about 7 or 8 years 

sentially they constitute a redundant design, of normal service. Under severe operating conditions, or 

As the primary structural part begins to collapse under in areas where liberal application of corrosion promoting 

overload conditions, the secondary or redundant member de-icing salts is common, the propagation of crevice cor- 

progressively takes up this load and acts as a load sharing rosion can be more rapid and significant cracks will de- 

device. Overload can be due to a sudden shock load or velop undetected by normal visual inspection some 
be brought into play by the structural weakening of the considerable time before a dramatic failure occurs. The 
part due to corrosion, problem is aggravated by only partial filling with brazing 

material of such a heavily stressed joint. A better solution 

would have been a shielded arc fabrication and a heavier CORROSION WEAKENING OF section bracket. 
SUSPENSION MOUNTS 

The photographs show a typical brazed assembly which 

failed after 9 years of gentle motoring. Microphotographs 
Although there have been recent Safety Recalls of ac- 

of the fracture faces indicate lack of proper penetration 
tual suspension elements following unexpected failure due of the brazing metal and long fatigue cracks. (See Pho- 
to corrosion of welded joints, the real risk is greatest on 

tographs Nos. 3 and 4). 
those attachment points which are difficult to inspect, 
namely those in the body structure itself. 

Since about 1973 we have taken a keen interest in DOES PERFORATION OF BODY SILL AND 
corrosion weakening of suspension mounts and the effect UNDERBODY INEVITABLY LEAD TO LOSS 
on primary safety, namely the ease of carrying out ac- OF CONTROL? COMPARISON OF THREE 
cident avoidance manoeuvres and predictable and con- DESIGNS 
trolled braking. 

More than one manufacturer has experienced partial Lookir~g at body corrosion, it is all too easy to become 
filling of boxed section with moisture, road splash, dirt convinced that any significant perforation of the struc- 
and corrosive salts. We have on record a number of sud- 
den failures of such closed sections. Where these were 
the chassis anchorage into which a torsion bar is inserted, 
it simply meant that the car sat down in the road like an ................ 

obstinate, overloaded mule. Similarly the collapse of the 
dome shaped upper spring mount of MacPherson front 
struts rarely occurred whilst motoring at speed. They were 
preceded by corrosion, Final failure occurred after the 
tyre struck a pothole or badly repaired section of road 
or at roundabouts, when a change of direction put more 
load on one wheel than its companion. 

Adopting a degree of redundancy into the front sus- 
pension design reduces the risk of sudden loss of handling 
control and inability to move the car. It is fairly easy to 
achieve on double wishbone designs with a strong, stiff 
cross beam which serves also as engine support and often 
incorporates a support turret for the telescopic damper. 
For, although they have been largely superseded by lighter 
construction, such redundant designs had some advan-                                           / 
rages. They could still function satisfactorily after partial 
or total collapse of sections of the redundant structure. 

Some manufacturers have adhered to the concept of 
ladder frame or very strong subframes with suspension 
and steering attachment brackets welded or brazed on, 
in contrast to the light weight construction, which favours 
multi-spotwelds. 

Corrosion of chassis frame members is not uncommon, 
and where mild steel pressing brackets for suspension or 
steering attachments are brazed on, there is always the 
risk of combined corrosion and stress fatigue weakening 
the joint to the point of sudden failure whilst manoeu- 
vering. 
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tural components which make up the underbody, partic- 
ularly those to which the running gear is attached, will 
inevitably lead to loss of control incidents, aggravated 
injury levels in accidents, etc. 

Yet on a number of makes and models this is patently 
not true. Perhaps it is easier to demonstrate that on two 
typical underbody and running gear design concepts: Both 
are unitary bodies (See Sketches 1 and 2), a construction 
with reinforcing pressings, added to stiffen and strengthen 
the under floor and suspension and steering reaction mem- 
bers. In both designs there is a raised floor tunnel to 
reduce boom and generally stiffen the structure, although 
the power unit in one design (A) may be mounted in the 
front or rear and drive could be either through the front 
or rear wheels. Yet, with this floorpan arrangement, it 
only requires the closed section welded-in crossmember 
(1) to become seriously rust affected, holed or detached 
from the side frame (2) or corrosion weakening at the 
weld joint (3) of the front extension of the longitudinal 
frame member (4) for handling control to be irrecoverably 
lost in a rapid lane change manoeuvre, for there will then 
be inadequate control of the high transient lateral forces 
generated. The stiffening section of the bulkhead (5) is 
too flimsy and offers no proper constraint at the front 
end of front compartment (6). 

Severe corrosion along any one or all of the rust prone 
zones (a), (b), (c), and (d) will seriously impair handling 
of the car. If the welds (3) show signs of corrosion or 
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cracking, very major repairs are called for, the cost of reduction of vehicles several manufacturers may be sac- 
which would often exceed the residual value of the car. rificing long life durability of vital body structures. 

Front~ or oblique frontal impact of such cars in their 
heavily corroded state will result in a significant increase DESIGN C (See Sketch No. 3) 
in steering column rearward intrusion and consequential 
high loading of the driver’s rib cage, for the progressive In cars which incorporate subframe cradles for power 
collapse of the jointed steering column, can only take unit and suspension and brake elements, the two critical 
place as long as there is sufficient strength left in the zones are the attachment points to the body shell structure 
bulkhead and its attachment to the rest of the front-end and the closed or semi-closed sections of the subframe 
structure to act as a reaction member to the force applied itself. Both are liable to corrosion weakening with age, 
on the steering wheel rim. The various floorpan stiffeners which can be quite serious after 4 to 5 years if anti-rust 
even in their heavily corroded state have been found to protection at the manufacturing stage has not been of a 
give a measure of protection against deep intrusion in sufficiently high standard. 
side impacts. It is certainly an improvement over the Wholesale safety recalls have had to be agreed on by 
basically very flat slightly corrugated floor pan without several manufacturers. In quite a substantial number of 
such reinforcement, which is frequently found in front cars rust affected in these zones the cost of rectification 
wheel drive layouts, has been prohibitive, for there is no easy way to strengthen 

The rear compartment, which has well reinforced an- light weight structures once inside-out corrosion has taken 
chorages for the trailing arm rear suspension and a strong place. 
open-channel cross member to tie the longitudinal frame 
members together, will generally retain its structural FRONTAL CRASH TESTS ON HEAVILY 
strength and cohesion, even though severe rusting has set CORRODED CARS 
in. 

In design B due to the presence of a strong separate Since the vast majority of injury accidents are frontal 
crossmember (not shown in the sketch), to which the collisions, we welcomed the opportunity of submitting 
double wishbone suspension is attached, one can tolerate some very heavily corroded cars to barrier crash and seat 
a considerable amount of corrosion weakening of the re- belt anchorage pull out tests. Instrumentation was in ac- 
bound support without it having a marked effect on safe cordance with SAE J211b. All tests were carried out at 
handling. This contrasts markedly with the effect on di- one of Europe’s best equipped Auto Safety Centres. De- 
rectional control and safe braking if a MacPherson strut spite their advanced state of corrosion and gross lack of 
mount in the reinforced inner wing section or its asso- maintenance the 4 cars were fully driveable prior to the 
ciated dome is badly corroded. In efforts to achieve weight destructive tests and had been in regular use in New York 

State. They performed adequately on the test course, over 
the Belgian Pave track, on the hill climb sections, in- 

SkeW’oh N°’3, cluding sharp bends, hairpin turns, on both permanent 

Design ~. 
surface and loose gravel. 

Two out of the four cars were then submitted to a series 
of structural tests, which were carried out in strict con- 
formity with the current US Vehicle Safety Regulations-- 

/-.. ._~. in particular US Standard FMVSS 210 and the 48km/h 
~ \ / \ vehicle frontal crash into a standard concrete block, ! ! 

\ FMVSS 208. 
The mode of failure of the front seat belt attachments 

under static traction, applied by hydraulic jacks, was pull- 
out at a level 57% on one and 80% on the other above 
that specified for passing the FMV$S 210 test. This high 
level was achieved because there was no corrosion deg- 
radation of strength of the anchorage points. In several 
other makes, where the attachment points were located 
in more corrosion prone areas, tear out occurred well 

below the stipulated FMVSS 210 level 
" Even in its severely rusted state, the 8 year old saloon 

RUST PRONE AREAS:- t ; ~ gave occupant protection, which compares well with 
-~ current motor cars of other manufacture, and is superior 

Subframe for power unif and suspension, to many European cars in their factory new sta~e man- 
ufactured and tested around 1972/74. 
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For the 8 year old models were of a strong, robust checks should spot most of these potential vehicle safety 

constraction, with a degree of redundancy in design, risks. 

which gave very g~od occupant protection, even though Much of the data on which these Official Views are 

some considerable corrosion weakening was present, as based have been overtaken by technical developments, 

indicated in Appendix ’B’. Collapse under frontal impact This applies in particular to tyres, which tended to have 

against the crash barrier at 48km,da gave a better "ride about ~z to ~ of the current service life. Old tyres, which 

down" to the occupants than those recorded on similar still conform to current UK tyre regulations, may be so 

t~ts carried out on factors’ new cars 8 years and 6 years age affected as to present, under certain driving condi- 

earlier. No major model changes had occurred between tions, a potential hazard to drivers. In the interest of road 

these 3 tests. They were thus directly comparable one safety such old tyres should be phased out. In order to 

with another. A better "ride down" means less of an be able to spot these, OE and replacement tyres should 

abrupt jolt to the occupants, in case of a frontal crash, have open date marking moulded into their sidewalls. All 

and manifests itseff in different plots of deceleration of tyres over 6 years old should be carefully inspected for 

the safety cell of the passenger compartment and its oc- signs of cracking in the roots of tread grooves, severe 

cupants versus time. shoulder wear and carcass distortion, for these may be 

There are 2 phases of vehicle shortening under impact: the first indications of onset of a latent tyre failure risk, 

An elastic and a plastic one. The elastic one causes the particularly the dreaded high speed tread strip. Whether 

car to rebound after 60 to 90 milliseconds, it is due to age-fatiguing causing partial discontinuity of 

The extent of recoil is an indirect measure of how much bonding of the steel wires embedded in the peripheral 

of the kinetic energy is being dissipated by the physical reinforcing belt of modern radial car tyres, or due to 

crunch of the vehicle structure. The dynamic (elastic) unsuspected corrosion of the steel wires following flint 

shortening is always g-eater than the plastic one, for the cuts, does not really matter, it calls for urgent replacement 

car body acts as a complex mass and spring system, is of the tyres. 

fully compressed during peak vehicle deceleration after More attention should be given to what constitutes 

irripact, which usually occurs around 50 milliseconds after sensible, as well as legal tyre fitments, particularly for the 

initial contact, and then slightly expands again to its final relatively short periods of very cold winter weather. For 

crushed shape. For most modern cars of unitary con- unlike the Alpine countries, which have accepted the need 

struction the dynamic shortening of the body exceeds the for a change of tyres for winter operation, drivers (and 

static (permanent plastic) one by about 20%. some Government Departments in the UK)tend to dis. 

In the case of the heavily corroded ones the difference miss these as fluke conditions hardly worth bothering 

was neas-er 12%, ~dicating that there was little structural about. 

r~ilience left in the corroded sections, particularly the Nor should one accept, without challenge, that the 

wing and engine compartment. Automotive Industry has evolved the best method of deal- 
ing with such recurring problems as allowing cars to go 
on sale with incorrect fasteners or improperly tightened 

CONCLUSIONS ones, when these are associated with such vital safety 

items as steering, suspension and brakes. There should 
There may be a need to revise the long held view that be better safeguards than the costly procedures incor- 

there is little that should be done to check on the me- porated in the Voluntary Recall System. 
chanicat reliability of cars in regular use. For it is argued, It is all too easy to jump to the conclusion that a badly 
based on fairly old injury accident statistics, that me- corroded car of older design will be inferior to current 
chanical failures play only a minor role in bringing about models, in both accident avoidance capability and, in case 
an accident and that in any case MOT type vehicle safety of collisions, in providing safety for the car occupants. 

Table 3. Measured results on the 8 year old heavily corroded saloon car versus those permitted under U.S. standard FMVSS20. 

Head injury criteria Resultant head acceleration Resultant chest acceleration Femur loading 
(EEVC recommendation) 

For a period greater than 3 mil- For a period greater than 3 mil- 
HIC must not exceed liseconds must not exceed 80g, liseconds must not exceed 60g, Must not exceed 
1000 but can have a shorter duration but can have a shorter duration 1020kg 

peak of about twice that. peak of about twice that. 
Passen- Driver Passenger 

Driver    get         Driver      Passenger Driver      Passenger Left Right Left Right 

__ 8709        4.239                 1379                  439                       409                   289              147     614 293       84 
The actual results obtained on a Hybrid II dummy suggest that, even though the peak value of the driver’s head acceleration 
exceeded the current norm, it occurred for only 12 milliseconds and hence was deemed safe. All other values are well within the 
specified bio-mechanic safe limits and not very different from those obtained on factory new cars of this make and model. 
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This is not necessarily so, as demonstrated by physical If it stops replace the driving force. If it fails or becomes 
testing of selected cars. It is recommended to provide a erratic, the cheapest and easiest way of repair or set�icing 

minimum of redundancy into the original design, with a is to buy another inexpensive one". But realisation of that 

view to load sharing, or fail safe modes, following inev- dream is still many years away and in the meantime some 

itable deterioration of structural strength with age, cor- form of MOT annual vehicle safety checks will still be 

rosion and owner neglect. The principal areas worthy of required. 

attention are the seat attachment structure, seat belt an- 
chorage points, suspension attachments and some rubber RAF GREENHAM COMMONBVEHICLE 
bonded elements. HANDLING TESTS, NOV 1980-FEB 1981 

............. It is relatively easy for professional test drivers to get VEHICLE REFERENCE: CAR NO. 1 
cars through the standard ISO type handling tests, as well 
as the Slalom test course, which are much favoured by Country of origin: UK 
car manufacturers. The repeated sudden lane change man- Engine Capacity: 1593cm3 
oeuvres proposed here are more effective in grading cars Maximum Speed: 148km/h 
in order of"forgiveness" of driver misjudgment. The more Nominal Kerbweight: 1055kg 
"forgiving" a car, the greater the chance of inexperienced Power/Weight ratio: 14.7kg/bhp 

........... or over-confident drivers to regain control of their car Power Output: 72bhp (DIN) at 5,300rpm 
after a temporary loss of control. It is our experience that Configuration: Front Engine; 
the need to check for primary safety of cars can be divided Rear Wheel Drive 
into several phases: F/R Distribution %: (F) 56.5/(R) 43.5 

In the first few months after sale many owners may Front Suspension: Independent--unequal length wish- 
............ experience some annoying handling oddities, which could bones; concentric coil spring and tele- 
.......... be due to indifferent quality control at the factory, lack scopic hydraulic damper; anti-roll 

of proper pre-delivery check by the franchised dealer, or bar. 
"infant mortality" of inadequate components fitted. The Chassis: Integral with body; front crossmember 
majority of owners will tend to go back to the dealers Body Construction: Unitary 
and complain. Some corrective action may follow. Rear Suspension: Live rear axle with 4-link location; tele- 

............ Many drivers tend to treat their cars with less sympathy scopic hydraulic damper:anti-roll bar. 
............ and consideration for the mechanism than the engineers Steering: Rack and pinion. Turns lock to lock: 3.7 

and test drivers who passed these as fit for mass produc- Tyres: Michelin ZX and XZX steel belted radial !65 SR 
tion. After rectification of early defects there is a pro- 13, Made in UK 
gressive deterioration with age and mileage of steering, F/N/S--ZX--186 weeks; tread depth 5ram 
suspension and brakes. This will generally be rectified just F/O/S--XZX~3 weeks; tread depth 6-6~mm 
before the car has been in circulation for 3 years. R/N/S--XZX--127 weeks; tread depth 3~mm 

Structurally significant corrosion and deterioration of R/O/S--ZX--186 weeks; tread depth 2-2~mm 
properties of rubber and rubber bonded components, from Pressures used: Front--l.8 bar; Rear--2.0 bar~ 
tyres, anti-roll bar and suspension bushes to power unit Wheelbase: 2579mm    Track: !422mm 
mounts, will tend to be major deterioration factors in cars Wheelbase/Track ratio: !.81:1 
over 6 to 7 years old. Selective replacement and rein- Age of car: 4 years 
forcement of sections of the car may still be economically Recorded Kilometers: 103,800 
viable. Thereafter the wear-out type of failure will become 
a predominant feature. The choice of whether to scrap 
or not will depend on the prevailing economic climate of RAF GREENHAM COMMON--CAR NO. 2 
the country and the purse of the individual. 

In the present economic climate there will inevitably Country of origin: CzechoslovakJa 

be a growth of DIY repairs and neglect, or poorly exe- Power/Weight ratio: 15.3 kg!bhp 
outed refurbishing of the car, after about the 3rd or 4th Engine Capacity: 1174cm3 

year of circulation of the car, or after 50,000 to 80,000km Maximum Speed: 148km/h 

of motoring. Some form of checking whether the repairs Nominal Kerbweight: 885kg 

have been carded out competently may have to be en- Power Output: 58bhp (DIN) at 5,200rpm 

trusted to recognised professionals, who have regular ac- Configuration: Rear Engine; 

tess to manufacturer’s bulletins and Recall notices issued, Rear Wheel Drive 

to ensure that the vehicles are not allowed on to public F/R Distribution %: (F) 40/(R) 60 

roads in a potentially hazardous state. Front Suspension: Independent--unequal length wish- 

The aim of the car makers may ultimately be like that bones, concentric coil spring and tele- 

of the Watch Industry: "Whilst it works, leave well alone, scopic hydraulic damper from lower 
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wishbone to turret in reinforced front Pressures used: Front 1.7 bar; Rear 2.0 bar 

inner wing; anti-roll bar. Wheelbase: 2441mm 

Chassis: Integral with body; rear crossmember Track: Front 1420mm Rear 1356mm 

Body Construction: Unitary Average Track: 1388mm 

Rear Suspension: Independent--swing axle; constant ve- Wheelbase/Track ratio: 1.76:1 

locity joint at inboard end of drive Age of car: 2~ years 

shaft; radius rod, with large rubber Recorded kilometers: 41,840 

bush at front end. Concentric coil 
spring and telescopic hydraulic damper RAF GREENHAM COMMON--CAR NO. 4 
from rear of radius rod to reinforced 
under floor turret. Country of origin: W. Germany 

Steering: Worm and nut. Engine Capacity: 1597cm3 
Turns lock to lock: 2.75 Maximum Speed: 179km/h 
Tyres: Goodyear Grand Prix ’S’ steel belted radial--165 Nominal Kerbweight: 895kg 

SR 13, Made in UK. Power/"~Veight ratio: 9.3kg/bhp 
F/O/S--70 weeks--tread depth 6mm Power Output: 96bhp (DIN) at 6,000rpm 
F./N/S---67 weeks--tread depth 6mm Configuration: Front Engine--Transverse, Front Wheel 
R/O/S---70 weeks--tread depth 5mm Drive 
R!N/S--54 weeks--tread depth 6~mm 

F~ Distribution %: (F) 61 (R) 39 
Pressures used: Front 1.5 bar; Rear 1.9 bar Front Suspension: Independent MacPherson Strut; lower 
Wheelbase: 24,00 Track: F-1310mm; 1290mm R 

wishbone; anti-roll bar. 
Average Track = 1300mm Chassis: Integral with body 

Wheelbase/Track ratio: 1.85:1 Body Structure: Unitary 
Age of car: 1 year Rear Suspension: Independent MacPherson Strut; trans- 
Recorded Kilometers: 13,700 verse arms, radius arms. 

Steering: Rack and pinion. 
Turns lock to lock: 3.7 

RAF GREENHAM COMMON---CAR NO. 3 
Tyres: Goodyear NCT steel belted radial 185/60 HR 14. 

Made in W. Germany 
F/N/S---tread depth: 3-4mm 

Country of origin: France F/O/S---tread depth: 3-4mm 
Engine Capacity: 1647cm3 R/N/S---tread depth: 3-4mm 
Maximum Speed: 165km/h R/O/S--tread depth: 3-4mm 
Nominal Kerbweight: 950kg Pressures used: Front 1.8 bar; Rear 1.8 bar 
Poweri’Weight ratio: t2.0kg/’bhp Wheelbase: 2395mm 
Power Output: 79bhp (DIN) at 5,500rpm Track: Front 1384mm; Rear: 1430mm 
Co~guration: Front Engine--Longitudinal, Front Average track: 1407mm 

Wheel Drive Wheelbase/Track ratio: 1.70:1 
F/R Distribution %: (F) 60/(R) 40 Age of car: Under 1 year 
Front Suspension: Independent--concentric coil spring Recorded kilometers: 13,670 

and telescopic hydraulic damper; 
wishbone; anti-roll bar 

Chassis: Integral with body RAF GREENHAM COMMON--CAR NO. 5 
Body Construction: Unitary 
Rear Suspension: Trailing beam; side arms with integral Country of origin: UK 

anti-roll bar; coil spring/hydraulic Engine Capacity: 1296cm3 

damper units; centre top wishbone (A- Maximum Speed: 156km/h 

bracket) Nominal Kerbweight: 920kg 

Steering: Rack and pinion, Power/Weight ratio: 13.3kg/bhp 

Turns lock to lock: 3.6 Power Output: 69bhp (DIN) at 6,000rpm 

Tyres: Michelin XZX steel belted radial 155 SR 13. Made Configuration: Front Engine Transverse, Front Wheel 

Ln France Drive 

F/’N/S---97 weeks: tread depth 5mm F/R Distribution %: (F) 59 (R) 41 
F/O/S---97 weeks: tread depth 4~mm Front Suspension: Independent MacPherson Strut; lower 
R~NiS--97 weeks: tread depth 3~-4mm wishbones; anti-roll bar, 
IL/O/S--97 weeks: tread depth 3~2mm Chassis: Integral with body 
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Body Construction: Unitary RAF GREENHAM COMMON~AR NO. 7 
Rear Suspension: Independent MacPherson Strut; trans- 

verse arms; radius arms Country of origin: UK 
........ Steering: Rack and pinion. Engine Capacity: 1994cm3 

Turns lock to lock: 3.7 Maximum Speed: 159km/h 
Tyres: Michelin XZX steel belted radial 155SR13. Made Nominal Kerbweight: 1145Kg 

in UK. ~ Power/Weight ratio: 12.3kg/bhp 
F/N/S---10 weeks; tread depth 7~mm Power output: 93bhp(DIN) at 4,900rpm 
F/O/S--10 weeks; tread depth 7~mm Configuration: Front Engine 
R/N/S--12 weeks; tread depth 7~2mm Transverse 
R/O/S--12 weeks; tread depth 7~2mm Front Wheel Drive 

Pressures used: Front 1.8 bar; Rear 1.8 bar F/R Distribution %: (F) 62 (R) 38 
Wheelbase: 2398mm Front Suspension: Independent: unequal length arms and 
Track: Front 1385mm, Rear 1430mm "Hydragas" displacers, hydraulically 
Average track: 1408mm interconnected front to rear. 

.......... Wheelbase/Track ratio: 1.70:1 Chassis: Integral with body 
Age of car: 2 months Body Construction: Unitary 
Recorded kilometers: 3,220 Rear Suspension: Independent: trailing arms and "Hy. 

dragas" displacers, hydraulically in- 
terconnected front to rear. 

Steering: Rack and pinion. 

.............. RAF GREENHAM CObIMON---CAR NO, 6 Turns lock to lock: 4.6 
Tyres: Michelin ZX steel belted radial 185/70SR14, 

Country of origin: W. Germany Made in UK 

Engine Capacity: 1979cm3 F/O/S--66 weeks; tread depth 4mm 

Maximum Speed: 169km/h F/N/S--66 weeks; tread depth 4mm 

Nominal Kerbweight: 1140kg R/O/S--70 weeks; tread depth 5mm 

Power/~Veight ratio: 11.4kg/bhp R/N/S--16 weeks; tread depth 6~mm 

Power Output: 100bhp (DIN) at 5,200rpm Pressures used: Front 1.8 bar, Rear: 1.7 bar 

Configuration: Front Engine; Rear Wheel Drive, Auto- Wheelbase: 2763mm Track: Front 1473mm, 

matic Transmission Rear 1458mm 

F~ Distribution %: (F) 54 (R) 46 Average track: 1466mm 

Front Suspension: Independent: Unequal length wish- Wheelbase/Track ratio: 1.88:1 

bones; concentric coil spring and tele- Age of car: 3~2 years 

scopic hydraulic damper units; anti- Recorded kilometers: 67,350 

roll bar. 
Chassis: Integral with body 
Body Construction: Unitary 
Rear Suspension: Live rear axle; trailing lower radius RAF GREENHAM COMMON--CAR NO, 8 

arms; Panhard rod; upper torque arm; (LHD) 
coil springs and telescopic hydraulic 
damper anti-roll bar Country of origin: Italy 

Steering: Recirculating ball. Turns lock to lock: 4.0 Engine Capacity: 1438cm3 
Tyres: Pirelli Cinturato steel belted radial 185/70SR14, Maximum speed: 145km/h 

Made in UK Nominal Kerbweight: 930kg 
F/O/S--60 weeks; tread depth 6~2mm Power/Weight ratio: 13.3kg/bhp 
F/N/S--62 weeks; tread depth 6~mm Power Output: 70bhp(DIN) at 5,400rpm 
R/O/S---62 weeks; tread depth 6mm Configuration: Front Engine, 
R/N/S--60 weeks; tread depth 6mm RearWheel Drive 

Pressures used: Front 1.9 bar, Rear 2.0 bar Automatic Transmission 
Wheelbase: 2668mm Track: Front 1435mm, Rear F~ Distribution %: (F) 54 (R) 46 

1412mm Front Suspension: Independent, unequal length wish- 
Average Track: 1424mm bone, concentric coil sp~g, tele- 

Wheelbase/Track ratio: 1.87:1 scopic hydraulic damper, anti-roll 
Age of car: 1 year bar 
Recorded kilometers: 12,875 Chassis: Integral with body. Front Crossmember 
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B~y Construction: Unitary, Estate Car Pressures used: Front 2.0 bar, Rear 2.0 bar. 

Rear Suspension: Live rear axle, 4 parallel trailing links, Wheelbase: 2420mm Track: Front 1330mm 

Panhard rod, telescopic hydraulic Rear 1300mm 

damper, separate coil springs Average track: 1315ram 

Steering: Worm and roller Wheelbase~rack ratio: 1.84:1 

Turns lock to lock: 2.8 Age of car: 8 years 

Tyres: Front: Pirelli Cinturato P3 steel belted radial Recorded kilometers: 122,480 

155SR13, Made in Brazil 
Rear: Michelin ZX steel belted radial 165SR!3 RAF GREENHAM COMMONwCAR NO. 10 
F/O/S--88 weeks; tread depth 6ram 
F/N/S---88 weeks; tread depth 5~mm 

Country of origin: USA 
tL/O/S---452 weeks; tread depth 1-1~mm Engine Capacity: 4942cm3 
R/q~I/S--452 weeks; tread depth 2~2mm 

Maximum Speed: 161km/h 
Pressures used: Front 1.9 bar, Rear 2.1 bar Nominal Kerbweight: 1556kg 
Wheelbase: 2420mm Track: Front 1330mm, Power/Weight ratio: 12.8kg/bhp 

Rear 1300mm 
Power Output: 122bhp (DIN) at 3,600rpm 

Average track: 1315ram 
Configuration: Front Engine, 

Wheelbase/~rack ratio: 1.84:1 
Rear Wheel Drive 

Age of car: 8~ years 
Automatic Transmission 

Recorded kilometers: 112,025 
F/R Distribution %: (F) 57 (R) 43 
Front Suspension: Independent: Upper wishbone, lower 

transverse link concentric coil spring; 
hydraulic damper unit from upper 

RAF GREENHAM COMMON----CAR NO. 9 wishbone into underbody turret, tail- 
(LHD) ing links. Anti,rol! bar. 

Chassis: Integral with body 
Country of origin: Italy Body Construction: Unitary 
Engine Capacity: 1438cm3 

Rear Suspension: Live rear axle, 5 leaf semi elliptic spring 
Maximum Spe~: 145km/h inclined telescopic hydraulic damper to 
Nominal Kerbweig4ht: 925kg underbody attachments. 
Power/~:eight ratio: 13.2kg!bhp Steering: PAS recirculating ball. 
Power Output: 70bhp (DIN’) at 5,400rpm Turns lock to lock: 5.2 
~nfiguration: Front Engine, Tyres: Pirelli Cinturato P76 radial FR7814. Made in 

Rear Wheel Drive Brazil. 
Automatic Transmission F/~/S--98 weeks; tread depth 7mm 

FiN. Distribution %: (F) 54 (R) 46 F!O/S--99 weeks; tread depth 7ram 
Front Suspension: Independent unequal length wish- R/N/S--99 weeks; tread depth 7mm 

bones; c~oncentric coil spring, tele- 
R/O/S--99 weeks; tread depth 7mm 

scopic hydraulic damper, anti-roll 
Pressures used: Front 1.8 bar, Rear 2.0 bar. 

bar.                                 Wheelbase: 2794mm    Track: Front 1499mm 
Chassis: Integral with body, Front Crossmember Rear 1466rnm 
Be<ty Constr~action: Unitary Average track: 1483mm 
Rear Suspension: Live rear axle, 4 parallel trailing links, Wheelbase/Track ratio: 1.88:1 

Panhard rod, concentric coil spring, Age of car: 6 months 
telescopic hydraulic damper into rein- Recorded kilometers: 5155 
forced wheel well turret 

Steering: Worm and roller 
Turns lock to tock: 2.8 RAF GREENHAM COMMON--CAR NO. ! 1 
Tyres: Front: Continental TS771 steel belted radial (LHD) 

155SR13. Made in France. 
Rear: Continental TS729 M+S steel belted radial Country of origin: USA 
155SR13, Made in Germany Engine Capacity: 5736cm3 

F/O/S--238 weeks; tread depth 6mm Maximum Speed: 211km/h 
F/Tq/S--238 weeks; tread depth 3~2mm Nominal Kerbweight: 1571kg 

tL/O/S--197 weeks; tread depth 3~mm Power/Weight ratio: 7.1kg/bhp 
tL, q~g/S--197 weeks; tread depth 4~mm Power Output: 220bhp (DIN) at 5,200 rpm 
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Configuration: Front Engine, Rear Wheel Drive. F/O/S---104 weeks; tread depth 6~mm 

Automatic Transmission. R/N/S--!08 weeks; tread depth 6~mm 

F/R Distribution %: (17) 60 (R) 40 R/O/S--108 weeks; tread depth 6~mm 

Front Suspension: Independent, unequal length wish- Pressures used: From, 1.9 bar, Rear 1.9 bar 

bones, coil springs, telescopic hy- Wheelbase: 3210ram Track Front: 1620ram 

draulic damper, anti-roll bar Rear 1610ram 

Chassis: Ladder frame with crossmembers Average track: t615mm 

Body Construction: Glass Fibre Reinforced Plastic--Tub Wheelbase/Track ratio: 1.99:1 

Rear Suspension: Independent, Transverse semi-elliptic Age of car: 2 years 

spring, lower transverse links, semi- Recorded kilometers: 6435 

elliptic acts as upper arms, trailing 

radius arms, telescopic hydraulic dam- 
RAF GREENHAM COMMON--CAR NO. 13 

Steering: PAS high ratio rack and pinion (LHD) 
Turns lock to lock: 2.5 

Tyres: Michelin Wide X steel braced radial GR 70 × Country of origin: USA 

15, Made in USA 
Engine Capacity: 3802cm3 

F/N/S--103 weeks; tread depth 2~mm Maximum Speed: 137krn/h 

F/O/S--97 weeks; tread depth 2~2mm Nominal Kerbweight: 1375kg 

R/N/S--103 weeks; tread depth 2~mm Power/Weight ratio: 15.3kg/bhp 

R/O/S---97 weeks; tread depth 2~mm Power Output: 90bhp (DIN) at 3,400 

Pressures used: Front 1.8 bar, Rear 1.8 bar Configuration: Front Engine, Rear Wheel drive. 

Wheelbase: 2490mm    Track: Front 1490mm,                         Automatic Transmission 

Rear 1510mm F~ Distribution %: (F) 56 (R) 44 

Average Track; 1500ram Front Suspension: Independent, unequal length wish- 

Wheelbase/Track ratio: 1.66:1 bones, coil springs, telescopic hy- 

Age of car: 3 years draulic damper, anti-roll bar. 

Recorded kilometers: 117,600 Chassis: Integral with body, from crossmember 
Body Construction: Unitary 

Rear Suspension: Live rear axle, semi elliptic multi leaf 
RAF GREENHAM COMMON--CAR NO. 12 springs, torque tube, telescopic hy- 
(LHD) draulic damper. 

Steering: Recirculafing ball 
Country of origin: USA 

Turns lock to lock: 6.0 
Engine Capacity: 6964cm3 

Tyres: Goodyear: steel belted radial DR 78 × 14, Made 
Maximum Speed: 190km/h 

in USA 
Nominal Kerbweight: 2290kg 

F/N/S--143 weeks; tread depth 2~mm 
Power/Weight ratio: 12.Tkg/bhp 

Power Output: 180 bhp (DIN) at 4,000rpm 
F/O/S--143 weeks; tread depth 2~mm 

R/~/S 143 weeks; tread depth 2~mm 
Configuration: Front Engine 

R/O/S--143 weeks; tread depth 2~mm 
Longitudinal, Front Drive, Automatic 

Pressures used: Front 2.1 bar, Rear 1.9 bar 
F/R Distribution %: (F) 65 (R) 35 

Wheelbase: 2740mm    Track: Front 1470ram, 
Front Suspension: Independent unequal length wishbone, 

Rear 1450mm 
longitudinal torsion bars, telescopic 

Average track: !460ram 
hydraulic damper. Anti-roll bar. Wheelbase!Track ratio: 1.88:1 

Chassis: Ladder frame with crossmembers 

Body Structure: Separate steel body shell 
Age of car: 3 years 

Recorded kilometers: 46,670 
Rear Suspension: Rigid tube axle, coil springs, lower 

trailing arms, upper oblique torque 

arms, load-levelling pneumatic dam- STATE OF CORROSION OF 8 YEAR OLD 
per, giving automatic ride height con- TEST CAR 
trol. TYPE OF CAR: ESTATE 

Steering: PAS Recirculating ball, variable ratio. FRONT ENGINEmREAR WHEEL DR~VE 
Turns lock to lock: 3.8 

Tyres: Uniroyal steel belted radial LR 78 × 15; 6 ply 

rating, Made in USA 1. Right and left front suspension domes badly rust 

F/N/S--104 weeks; tread depth 6~mm affected. 
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Skefch N°’z,. 

1 reinforcing 3 
cross members 

6 

4 
2 

Sfafe of corrosion of 8 year old esfafe car. 

2. Right and left sill very rusty, wit5 many holes in 5. Right and left hand sills badly corroded, with large 
the box section under the doors, holes in the box section under the doors. 

3. Rear suspension struts--alarming corrosion at at- 6. Rear suspension struts--in good condition, but in 
tachment to floor support, the RH floor reinforcement, where control bar is 

4. Bad rust both on right and left sides, attached, there is a crack. 
5. Front panel rusted away in parts. 7. The whole of the front secetion is almost completely 
6. Front left external panel completely detached from detached and held together with electrician’s sticky 

enNne compartment; floor is severely corroded and tape. Each time the bonnet is opened the entire 
is completely detached from the sill box sections; front section tends to become detached (various 
floor reinforcement cross members badly rusted, pieces of panel are missing, as they have rusted and 

come off). 
8. Spare wheel carrier severely corroded. 

STATE OF CORROSION OF 8 YEAR OLD 9. Fuel tank attachment reinforcements have rusted 
TEST CAR completely away, allowing the tank to drop and 

TYPE OF CAR: SALOON move about on rough roads. All the floorpan is 

FRONT ENGINE--REAR WHEEL DRIVE badly corroded, in the areas where the driver and 
passengers rest their feet, which is almost com- 
pletely missing. 

1, 2~ Front right and left external panels completely de- 10. The front forecarriage is still reasonably func- 
tached from engine compartment, curled back as tional--hydraulic dampers are passably func- 
far as halfway along the wheel, tional--driveability is good. New reinforcement 

3.    Door, driver side, inside out corrosion in lower cross members have been welded into the floorpan, 
section, but the floor panels welded in above them show 

4. Bonnet cannot be fastened properly, signs of cracks. 
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Skefch N~5. 

reinforcing 
cross members 6a 

6 

I0 5 

Sfafe of corrosion of 8year old saloon car. 
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Evaluation and improvement of indirect Visibility in Circumferential 
Area of Commercial Vehicle_ 

HIROSHI SATOH, AKIRA YAMANAKA, were made on the influence of spray on a following pas- 

TSUTOMU KONDOH senger car, from a road’s surface caused by a commercial 

Mitsubishi Motors Corporation vehicle. It was found that an appropriate distance between 
the two vehicles is the most important (6). 

MAKOTO ".¢AMASHITA, MIKIO MATSUZAKI, Recently, accidents caused by heavy vehicles when 

KUNIO AKIZUKI 
turning left have increased to such an extent that they 
have become a social problem. To cope with this, building 

Ichikoh Industries, Ltd. of prototype low-driving-seat heavy cargo trucks and 
many other studies have been undertaken. 

ABSTRACT Since it has been established in previous works (4), (5) 
that a direct field-of-view larger than necessary is detri, 

Indirect visibility of mirrors has conventionally been mental in terms of human engineering, passenger protec- 

measured according to an area of vision and there have tion, vehicle body strength, cost and other factors, we 

been no appropriate methods to evaluate a degree of visual have placed emphasis on improvement of the indirect 

cognizance. This paper deals with a concrete evaluation field-of-view. 

of the visibility of the mirror based on the changeability Ichikoh Industries Ltd. started research on the field. 

of basic area and a rate of image distortion, of-view and perspective of convex mirrors in 1960 and 

An evaluation better than the third level in the five then engaged in the development of periscope system as 

ranks of evaluation scale can hardly be hoped for with a measure against the FMVSS revision in the U.S.A. and 

the present outside-cross-view-mirror on current heavy- also the development of the "Back-Eye Television Sys~ 

duty trucks in Japan. tem,’ as a means for immediate rear view for heavy ve, 

To improve such situation, we have developed a peri- hicles. In 1975, the company participated in the project 

scope mirror system and succeeded in decreasing a hum- "Improvement of Safety Through Reduction of Burden 

bet on the left side of confirming mirrors (from 3 to 2) on the driver" (7) of the Traffic Safety Commission of 

and achieved the best evaluation (5th level). Japan Automobile Manufacturers’ Association, and in 
1977, it started research on the improvement of the in- 
direct field-of-view of heavy vehicles for greater safety 

INTRODUCTION                              when turning left. 

The two companies, with the history just described, 
In recognition that study of the driving field-of-view is jointly developed the method for evaluation of the indirect 

the most important for promoting driving safety, Mit- field-of-view around a vehicle. In addition, a new peri- 
subishi Motors Corp. has, since 1960, been working on scope system was developed that was designed to prevent 
expanding the direct field-of-view of vehicles and its static and reduce accidents caused when vehicles are turning 
evaluation (1), (2), (3). left. 

In 1960’s, our traffic environment in Japan, including This research was funded by a research subsidy granted 
pedestrian crossings, was poorly equipped, leading to an by the Ministry of Transport for fiscal year 1979. 
increasing number of pedestrian victims who attempted 
to cross immediately before oncoming vehicles. In at- 
tempts to prevent such accidents and to determine the HISTORY OF INDIRECT FIELD-OF,VIEW 
optimum driving field-of-view, we built vehicles specially EVALUATION 
for expeNmenting with the field-of-view, namely buses 
with their fronts fully glazed (4). The results indicated Early recognition by the driver of danger information, 

that an eye angular velocity over 2 rad/s was undesirable within the driving field-of-view, to enable him to take 

as it imposed considerable burden and stress on the driver adequate evasive action is essential for reducing the 

(5)° chance of accidents. In this respect, the quality of visual 

At the 4th ESV International Conference held in information provided as the indirect field-of-view is very 

Kyoto, in 1973, Dr. Franchini (FIAT) suggested that important. 

aggressiveness and compatibility should be important Recently, in the U.S.A., FMVSS No. 111 was put into 

themes for commercial vehicles and this conference effect which makes it obligatory to install outside-cross- 

marked a turning point for us commercial vehicle de- view-mirrors on school buses to enable observation of 
signers, immediately forward of the vehicle and in the vicinity of 

In order to achieve compatibility in the driving field- the bumper. In Japan, from March 1979, it was made 

of-view with passenger vehicles, investigation and study obligatory to install a left-side-view-mirror on heavy 
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"’N. H ~ 
. ,’~ E =~ x 100 / 

Figure 1. Disto~ion rate of mirror image (JIS).                                         -- 

t~cks in addition to conventional cross-view-minors for 

wider field-of-view on the left side. As refitted ~ these ............... "~’~:" .... 

ex~pl~, works have been ~de~aken by many rese~ch- Figure 3. Iso-disto~ion rate line and field of indirect view by 
e~ on the improvement of the dfiv~g field-of-view, both outside-cross-view-mirror. 
d~t and indir~t, in view of the impo~ce of such 
visuM i~o~ation. ~e works on the eviction of the 
indir~t field-of-view, however, have mai~y focused on in Figure 3, although the field-of-view and image size 

the extension of the field-of-view, with only a few o£ them change. In order to analyze the visibility of these cross- 

cove~g the quali~ of visual info~ation, namely, visi- view-minors, conventional evaluation methods ~e not 

bHity, practi~bHity, etc. adequate and the data that will provide the basis for 

As for r~r-view-mi~ors, works (8)(9)have been pub- jud~ent, such as what potion of the image must be 

lished on ~n~ of ~stan~, image disto~ion and visibility improved and to what extent, are necessa~. We sta~ed, 

of imag~ of ~nons ~d vehicles beh~d the vehicle as therefore, the development of a new evaluation method 

view~ through r~r-view minors of yawing radius of that #yes evaluation in new te~s. 

cu~ature and size. As for overseas regulation, FMVSS 

s~cifies ~age ma~ification and reflection factor, while PURPOSE OF PRESENT STUDY 
Jap~e IndustfiM Standard D5705 sp~ifies the image 

disto~ion factor cMc~ation method as shown in Figure Establishment of Evaluation Method of 
1 for ch~ng a minor’s su~ace accuracy, rect Field-of-View of Vehicle Surroundings 

However, a cross-view-~or for obse~g the sur- 

ro=ding environment of a vehicle is convex minor with The first objective of the present study was to establish 

a relatively small radius of cu~at~e. This means that a method to quantify image disto~ion and image size, 

when view~g them dDectly, the change in visual angle ~d to analyze and evaluate them, while at the s~e time, 

8 is large in the upper and lower sections as shown in grasp~g the positional relationship between the images 

Fig~e 2, resulting in larger image disto~ion where visual of fields directly fo~ard and to the ]eft of the vehicle 

angle 8 is small. Even if the radius of cu~ature of a cross- 

view-mirror is increase, for example, from I~R to 190R, 
image disto~ion remains subst~tially the same as shown 

FIELD OF ~A~ V~EW 

2.0~ 

A’I GL 

~ 1,0 a~=~--Z~’~sn7)=+(H--Rsinn7)* FIELD OF DIRECT VIEW AT ~M TALL 

Note. Limiting area is ruled by Japanese Road Vehicle Safety 
Standards Aaicle 44 
Figure 4. The limiting area of view and character boards 

Figure 2. Visual angle comparison by mirror positions, arrangement. 
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TWO-MIRROR 
SYSTEM 

i CHARAC I’ER Y~)ARD 2 SPHERE 3 CYLINDER 4 SAE31Y, JM6Y 

Figure 5. Four types of signs. 

provided by the ~oss-view-mi~o~s and left-side-view- 

Development of Indimot View Equipment for 
Higher Visibili~ ~.~ ~ ...... -- ..~ 

The se~nd obj~tive w~ to ~tablish a course and~ " 

~rget of visibility improvement utfliz~g the evaluation 
methcd, and to develop new indirect view equipment. ~ot~. L Photos taken f ..... Eyepoint of driver 
Since si~ificant h~provement cannot be expired in dis- ~ 5hnplified C.M.--Cross-View-Mirror L.SM.=LefbSideW~ew-Mi 
to,ion of the left fo~d ~ag~ with cross-view-mi~ors, ~.M.= ~-W~w-M~ .... 

a new concept of a ~fiscope system was adopted. Three Figure 6. Comparison with three systems--construction, 
b~c ty~ A, B and C, of the pefis~ system, were specification and field-of-view. 
combin~ wffh v~ous mi~ors and a total of 20 systems 
were subj~ted to research and development, p6int (E.P.), through t~ee types of indirect view equip- 

ment, as shown in Figure 6. From the photos obt~ned, 
the single eye field-of-view, image disto~ion and image 
size were analyzed. The calculation equations used to 

GONGEETE METHODS dete~ine image disto~ion and size are shown in Figures 
7, 8 and 9. 

9election and Arrangement of Signs 

1~ Character Boards: 26 alpha~tical character boards Evaluation Method 
(1 m X 1 m,t = 5 mm) were a~ang~ as shown in 
Figure 4 for use as signs to dete~ine visibility and relative 

Image disto~ion ~d ~age size as a function of relative 
location to the vehicle were quantified and divided into 

~s~tion to the vefdcle, 
five levels for comparative evaluation of various typ~ of 

2~ ~pheres: A spherical sign was positioned at the cen- 
ter of each character board since a sphere was identified 

eq~pment. 

as a circle reg~dless of the direction ~ewed, minimizing 
the measurement e~or and facilitating analysis. Equipment Tested 

3.~ Cylinders: In order to comply with the field-of-view Two-Mirror System: Indirect viewing equipment co~- 
me~urement st~d~ds of the Japan~e Road Vehicle sisdng of a rear-view mi~or to view rea~d and a cross- 
Safety St~dards A~icle ~, that assumes that 5-year-old view-m~or for viewing vehicle su~oundings. 
children are one meter tall, a cylinder of the same di- 
mensions was ~sidoned at upper left comer center of 
each character ~ard. ~ - ~ 

4. Dum~y: A du~y was positioned at the same lo- 

~; 

/ (�’      / ~ ~~ cation ~ the cy~nder to ~mpare visibility of a c~ld ~d ~ d ~ ~ 

the cylinder. ~v ~ ~ ~ 

Measuring Method ~ ....... ~ ~ ~ ~ ~ ~ 
In the field-of-view limiting ~ea, shown in re 4, ~ ........ ~,..,,. ....-~,~...~,..o, 

four ty~s of si~s as shown in Figure 5 were installed, ~ 

and these targets were photograph~ at the vehicle eye- Figure 7. Image disto~ion of spherical signs. 
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Figure 8. Image disto~ion of character boards. 
Figure 9. Image size of spherical signs. 

Three-Mirror System: Indirect viewing equipment con-           ~ ............... 
sisting of a 2-mirror system and a left-side-view mirror. 

Periscope System B: Indirect viewing system consisting 
of a rear-view mirror and a periscope B for viewing vehicle 

Vehicles Tested 
Mitsubishi Fuso Heavy Truck FTI I7S. 

RESULTS OF ANALYSIS 
Figure 10. Image size of character boards. 

The results of analysis are shown in Figure 6-11. b. Quantifying the image distortion into five levels 
provided comparative evaluation of each piece of 

DISCUSSION equipment, making it possible to establish nu- 
merically the target for hnprovement, which 

Way Targets Are Observed greatly hdped research and development active- 
ties. 

The image distortion of the spherical sign and the char- 
c. The degree of image distortion was tabulated (Ta- 

acter board sign exhibited nearly the same trend as shown 
ble 1) based on a psychological category scale 

in Figures 7 and 8~,The images obtained of cylinders and 
evaluation (10). To verify correspondence between 

dummies (SAE 3 DGM 6Y) resembled each other. 
this table and the five levels of evaluation, sense 

As for the image size, those of spheres and character evaluation on 23 subjects was conducted using 
boards showed nearly the same trend as shown in Figures 

actual vehicles, although this category scale eval- 
9 and 10, although the visual angle 0 differed between 

uation technique is given here for information 
the two. 

only. 
d. From these evaluations, ~mage distortion of level 

Evaluation Method 2 and lower, in Figures 7 and 8, is considered to 

lmage Distortion 

a. By the use of character boards, visibility by sense 
could be evaluated based on the image distortion 
and character identification for various relative 
positions to the vehicle. 

Table 1. Evaluation level by psychological category scale. 

Level De. ..... f Degree of Image Distortion 

5 Excellent No image distortion 

4 Good Visible,but no problem. 
TWO-MIRROR SYSTEM THREE-MIRROR SYSTEM PERISCOPE SYSTEM 

3       Fair      Visible, but possible to judge. 
Note. Hatching area is blind field of direct view at 1 m tall 

2 Poor Large and to ~bstruct the judgement 

1 Very Poor Impossible to judge 
Figure 11. Comparison of image distortion and size by cat- 

egory scale between three systems. 
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require improvement. This is in agreement with As compared to the three mirrors required by 

the opi~ons of many others concerned, the 3-mirror system, this system uses two mirrors, 

Image Size i.e., the periscope mirror and rear-view-mirror. 

b. Alignment with sight line when turning 
a. By clarifying the relative position to the vehicle 

left 
through the use of character boards, quantifying 

When observing obstacles in the direct field-of- 
inaage s~ze with reference to spherical signs and view to the forward left for turning left, the per- 
grading by five levels, setting of a numerical target 

iscope mirror is positioned near the sight line, 
for comparative evaluation and improvement of 
each piece of equipment was simplified, 

allowing natural identification of obstacles in the 
indirect field-of-view. 

b. There are many factors involved in the relation- c. Normal image obtained, the same as direct field- 
ship between image size and visibility, and we 

of-view 
adopted as a standard the following criteria es- 

The periscope mirror system is designed 
tablished in past works: (t 1) "In the observation 

cover the forward, left forward and left side field- 
of a complicated target, human eyes can identify 

of-views, and therefore the images produced 
any alphabetical character of the target so long 

should preferably be, for physiological reasons, 
as the visual angle is 5 minutes or more and in 

normal such as those obtained through direct 
the observation of patterned target, accurate iden- 

view. In particular, this is important as continuity 
tification is possible if the visual angle to maxi- 

with the left forward direct view is ensured when 
mum dimension of that pattern is 12 minutes or 

turning left. This system meets this requirement. 
more."                                             d. Smaller image distortion 

c. In actual cases, cylinders approximated children 
As compared to the cross-view-mirror and left- 

more c!~sely than spheres. As shown in Table 2, side-view-mirror of the 3-m~or system, this sys- 
cylinders gave images two to three times larger 

tern has smaller image distortion in the left for- 
than spheres and were easier to identify. However, 

ward zones A through E, allowing easy 
in order to take into account the driver’s eyesight 

identification of object shape. 
and variations of the external environment (avail- e. Generally uniform image size 
able light, weather, etc.), the use of the image size 

Thanks to smaller distortion, the image s~ze 
given by a less favorable target (spheres) in the 

obtained through the periscope mirror is relatively 
evaluation will be more practical, 

uniform, providing evaluation of relative distance 

Comparison of Indirect Viewing Equipment to the obstacles. 

f. Greater time available for target observation a~d 
Two-Mirror System: As for image arrangement, this is smaller image flow angular vdoeity 

easier to use because of its close location to the rear-view- This system gives greater time available for 
~or and cross-view-mirror, but the effective field-of- servation of a target on the mirror, and image flow 
view range is restricted due to large image distortion in velocity is smaller, which means easier identifi- 
the left forward direction, cation of obstacles. When turning left, the vehicle 

Three-Mirror System: With the addition of a left-side- is usually running at a low speed and what diffe~ 
,Aew-mirror and use of larger sized mirrors, this system from the static condition is the low speed V and 
g~ves a vAder effective field-of-view, and improved image the fact that the driver must obtain information 
si~ and distortion. As for image arrangement, however, through the indirect view equipment in a very 
it has one additional mirror requiring observation, short time while driving. Figures 12 and 13 show 

Per.scope System B: the results of analysis of image flow velocity on 
a. Mirrors requiring observation during driving are the mirror’s surface and the time available for 

two observation. As can be seen, the periscope m~rror 
Table 2 

Comparison of Size(area) between Cylindrica!/Spherica~ system gave the best performance in all cases. At 

Signs. 
, 

30 kg/h, for example, the eye angular velocity 

Periscope 
.’7 3.0 3. , ............. 

System B I,~;~ ~ .................. 
Notes. 1. E’ means the sign on front left corner of character 

~A,. .............. \ °’, board E 
2. F" means the sign on front dght corner character 
board F Figure 12. Image flow on mirror surface. 
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manufacturer and parts manufacturer° The research was 
conducted with the unlimited help of both manufacturers, 

while not limiting themselves just to their own fields, and 

with best available chassis and parts in use. The final 
system developed was periscope system B featuring min- 
imal requirement for vehicle body modification, the min- 

mr~w’ 1~0x10~ imum number of parts and simplified construction, all 
reflecting the merits of the joint study. 

v,=~ v The grant by the Ministry of Transport for this research 
z~ enabled us to install new facilities for its purpose. We 

also are greatly indebted to the officials of the ministry 
Tv=4 ~00xlo’ who gave us valuable advice and help in many ways in 200k J A=4,~ 

the course of this study. 
Finally, we hope that this new system developed 

./" through the joint efforts of both the private and official 
../ r sectors will contribute to prevention of traffic accidents 

~oe ~0 caused when the vehicles are turning left and around 

..’" PERISCOPE svsrz,~ ~ vehicles, in the world traffic enwronment. 
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Pe~ormance of the Experimental Heavy Duty Trucks with improved 
Field of View 

HIDEHIRO DAIGO, KIYOKAZU YOKOI and and the other is a vehicle of which the field of view is 

HIDEICHi NAKANO improved mainly by means of lowering the height of the 

Japan Automobile Research Instiute, Inc. eye point. 

The former is called a visibility-improved vehicle and 
Traffic Safety and Nuisance Research In- 

the latter a low-floored vehicle. 
stitute, Ministry of Transport To evaluate the performances of these experimental 

heavy duty trucks, the Committee for Evaluation of Ex- 
perimental Heavy Duty Trucks are organized by MOT. 

ABSTRACT The authors made the experiments on the performances 
of these vehicles according to the program prepared by 

The dead angle range of a heavy duty truck driver at the committee. 

crossroads has been found to be one of the factors in The experiments are as follows. 

traffic accidents, esp~ially when turning left in Japan. (1) static visibility test 
Therefore, the Ministry of Transport of Japan requested (2) dynamic visibility test 

five heavy duty truck manufacturers to manufacture ex- (3) subjective evaluation test by professional drivers 
pe~ental heawy duty trucks with an improved field of The paper presents the outlines of the exper~ental 
view. Each of them produced two types of modified trucks heavy duty trucks and the test results. 
in September, 1979. One is called a visibility-improved 
vehicle of which field of view has been improved mainly 
by adopting supplementary windows, while the other is OUTLINES OF THE EXPERIMENTAL 
a low-floored vehicle of which the field of view has been HEAVY DUTY TRUCKS 
improved m~y by lowering the height of the eye point. 

This paper prints the results of expe~ent which Table 1 shows the experimental heavy duty trucks with 

comprises of (1) static visibility test, (2) dynamic visibility improved field of view, manufactured by five heavy duty 

test, and (3) subjective evaluation test by professional truck manufacturers in compliance with the request of 

~vers, conducted on such vehicles. MOT. 

As a result, it was proved that the experimental vehicles Hereinafter, each of the experimental heavy duty trucks 

surpass current m~:lel vehicles in visibility, shall be denoted by the sYmbols shown in Figure 1. 

In the case of the low-floored vehicles, however, many The appearances of these vehicles are shown in Figures 

problems still remain to be solved. On the other-hand, it 2 to 6. Furthermore, their principal dimensions are shown 

~ms to be possible to commercialize the visibility-im- 
proved vehicles without any drastic modification of the 
current design concept though they don’t necessarily have Table 1. List of experimental vehicles with improved field of 

a sufficient field of direct view, view. 

H~nufactur er Vehicle (unit) 

visibility-lmproved vehicle 

~NTRODUCTION 

The dead angle range of a heavy duty truck driver at 
crossroads has been fomad to be one of the factors in the ..... , 
cause of traffic ac~idents, especially when turning left in 
Japan. 

"l’ne M~istry of Transport @~IOT) of Japan requested 
five heavy duty track manufacturers to manufacture ex .................... 
perimental hea:~ duty trucks with an improved field of 
view as a step of the program for prevention of traffic 
ac.~idents. In response to the request, they studied a sys 
tern to improve the field of view of current model trucks, i,,~-,.., ,- ....... ) 

and produced two types of modified trucks ha September, 

One is a vehicle of which the field of view is improved ~.~-h~.~ ~. ...... , 

~y by means of adopting supplementary windows, 
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L: l,eft-hand drlve 

i: Current model vehicle 

2: Vlslb111ty-lmproved vehlcle 

3: Low-floored vehicle 

I: [SUZU MOTORS LTD, 
T: TOYOTA MOTOR CO., LTD. 
N: NISSAN DIESEL MOTOR CO,, LTD. 
H: HINO MOTORS LTD, 
M: MITSUBISH] MOTOR CORP. 

Figure 1. Symbols representing test vehicles. 
(a) Current model vehicle 

in Tables 2 to 6. These tables also show the original 
specifications of these vehicles. 

The outlines of individual experimental vehicles are as 
follows. 

(1) Isuzu Dump Trucks 

(a) I-2R: This vehicle has been made on the basis of 
the current model dump truck. The vehicle is provided 
with a supplementary window in the lower-left part 
below the windshield to improve the front-left field of 
direct view. Moreover, the left-hand door has been 
remodeled into a full-sized glass door in order to im- 
prove the left side field of direct view, and the assistant 
seat position has been shifted backward to make it more ~b) Visibility-improved vehicle 

effective ~ig. 2-b). (r ight-hand dr ive) 

(b) I-2L: This vehicle is a left-hand drive vehicle based 
on the current model dump truck. The vehicle is pro- 
vided with a supplementary window in the lower-right 
part below the windshield and the right-hand door is 
made of a full-sized glass in order to keep the forward- 
right field of direct view as wall as the right side field 
of direct view. 
(e) I-3R: This vehiele has been experimentally designed 
to lower the height of driver’s seat above the ground. 
Both the front axle and the engine have been moved 
backward to make the height of the driver’s eye point 

Table 2. Principal dimensions of Isuzu vehicles. 

i.pr~    tl~r.a (C) Low-floored vehicle {left-hand 
vehicle (right- ,lid (right- ,.a dr ive ) 

Figure 2. Isuzu vehicles. 

~,.lh.,, . ,,,~oo ÷ ~,~o lower th~ t~t of the c~t m~el ve~cle by 555 
~ -~.~ .~ ~.~,~ ,.~,~/,.m ,,.o/,,4,o ~. F~he~ore, the ve~cle is provid~ ~th a su~ 

~,~ x~ ~,~,~ ~ ~o,~oo . ~o,~o plem~ ~dow ~ the lower-le~ p~ ~low the 

¯ ,~t ~.,,,~ . ~,~,o . ~,ooo ~ds~eld, ~d the leff-h~d d~r is made of a f~- 
s~ ~s. ~e ~sis~t ~t ~sition h~ H~ ~ 

(,.~t .~. ~. ~,~ s~ backw~d. 
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Current model vehicle (a) Current model vehicle 

Visibility-improved vehicle (b) Visibility-improved vehicle 
(right-hand drive) {right-hand drive) 

{c) ~w-floored vehicle (left-hand {c} L~ow-floored vehicle 

d~~ ive ) d~~ ire } 

Figure 3, Toyota, vehic{es, Figure 4, Nissan diesel vehicles. 
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{a) Current model vehicle {a} Current model vehicle 

(b) Visibility-improved vehicle            (b} Visibility-improved vehicle 
(right-hand drive)                            (right.hand drive) 

(c) Low-floored vehicle (left-hand (c) Low-floored vehicle (left-hand 
drive) drive) 

Figure 5. Hino vehicleso Figure 6. Mitsubishi vehicles. 
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Table 3. Principal dimensions of Toyoto vehicles. (d) I-3L: This vehicle is a left-hand drive vehicle based 

-~.l             ~.._ 

on the I-3R. Also, the vehicle is provided with a sup- vi.ibi,ty- ~lo~r.d plementary window in the lower-right part below the 

~ ~,~..~ winds~eld and the fight.h~d door is made of a full- 
~"~ ~’~ sized gl~s (Fig. 2.c). 

~"~ ""~ " ~’~’~ ~ " (2) Toyota Trucks 

~ .~ ~ ,,~,o - ~,,~ (a) T-2R: ~is vehicle has been made on the basis of 

~.~ ~ ~.~. ~ ~.o0o * ~ the cu~ent medium-s~ed t~ck, ~e vehicle is provided 

.~ ~.~ . ~,~0 + ~,,~0 with a supplementa~ window in the lower-left pa~ 

~.~..~. ~ . ~,o~o [ . ~,~o below the windshield to ~prove the front-left field of 
~-~ .~* ~. ~ ~ direct view. Moreover, the left-hand door has been 

remodeled into a door with a supplementa~ window 
in its lower pm ~ order to improve the left-side field 

Table 4. Principa~ dimensions of Nissan diesel vehicles, of direct view, and the waist line of the door is lower 
~ ~.~,r_ ~- than that of the o~#nal vehicle by 210 mm (Fig. 3-b). 

~ ..... ~ ~.~o~ ~..~ (b) T-3R: ~is vehicle has been experimentally de- 
vehlc~e vehicle 

..~=~. (~- ..~ (,~"~- ""~ si~ed to lower the height of driver’s seat above the 
left-hand left-hand 

~) ~"~; ~ound. The cab has been moy~ fo~srd and 
~.~,~ ~*~ - ~,~’~ ~ ~,~ ward beyond the front wheels so that the height of the 
~.~.~ ~ - ~,*~ ~ ~ driver’s eye point is lower than that of the current 
¯ ~ ~ ~.~so r ~ model vehicle by 230 mm. In addition, in the same 
~ .**~ k~ ~,ooo ~ ~,~ m~er ~ T-2R, the ve~cle is provided with a sup- 
~.~ ~ ~.~ ,~ ~,ooo ~ ~ plement~ ~ndow in the lower-left pa~ below the 
~ .... ~ . ~,~0 ~ ~,~oo winds~eld, ~d the waist ~ne level of the left-hand 
~..~,..~ ~ . ~.~ ~ ~,.o door w~dow is lower than that of the cu~ent model 
~’~"~ "~" ~" ~’="~ ..... vehicle by 210 ~. 

(c) T-3L: ~is vehicle is a left-hand drive vehicle based 
Table 5. Principal dimensions of Hino vehicles, on the T-3R. The vehicle is provided with a supple- 

menta~ window in the lower-fight pa~ below the 
~.p~ ~,.~ winds~eld. Moreover, the waist line level of the fi~t- Current ~ehlcle vehicle ~ ~ (~...~ ~- ..~ h~d door window is lower than that of the cu~ent 
~,..) ~.~ model vehicle by 210 mm (Fig. 3-c). 

~.~.~ .,0~ . ~,,,o - ~ 
(3) Nissan Diesel Tractor 

(a) N-2R: This vehicle has been made b~ed on the 
=~ ~,~ .~ ~.~7~ ~.~.,.~7~ ~.~=o cu~ent model tractor. The vehicle is provided with a 

~.~ ~ ~t~ ,~ ~o.~o + ~ supplementa~ w~dow in the lower-left pa~ of the 
front panel of the cab to improve the front-left field of 

~,..~ ~ . ~,~o . ~,,~o dir~t view. Fu~her, the left-hand door has been re- 
~..~ ,~, ~. ~ modeled into a door with a supplementa~ window 

its lower pa~, of which the waist l~e is lower th~n 

that of the cu~ent model tractor in order to improve 
Table 6. Principal dimensions of Mitsubishi vehicles, the left side field of direct view (Fig. 4-b). 

....... 
~,.,~...,.~ ~_,~=.~ 

(b) N-2L: This is a left-hand drive vehicle based on 
....... ....... ~.,,~. the cu~ent model tractor. The right-hand door has 

been remodeled to have a supplementa~ window in its 

~.~.~ ~..~ ...... ~ ~ ~,~0 lower p~ and the waist line lower than that of the 
.... ,, .,,~ ...... cu~ent model vehicle. Fu~he~ore, the ve~cle is pro- 

~..~ ..... ~ ........ ~.~+~.~0o - vided with a supplementary window ~ the lower-fight 
pa~ of the front panel of the cab. 

~.~. :~.~ .~.~ ~ ::,~0~ . :0,,~0 (c) N-3R: In the case of this vehicle, an attempt has 

~ ~.~.~ .    ~,,0~ ~,~ ~,.~ been made to lower the driver’s seat level down. The 

...... , .... ~.~ ............... , .... ~ cab has been moved fo~ard and downward beyond 
""~" ......... ’ ...... ’~’ the front wheels so that the height of the driver’s eye 
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point is lower than that of the current model tractor plementary window in its lower part and a waist line 
by 475 mm. Besides, in the same manner as the N-2R, lower than that of the current model vehicle by 85 mm. 
the vehicle is provided with a supplementary window Moreover, to improve the left-side field of indirect 
in the lower-left part of the front panel of the cab. The view in vehicle’s vicinity, the vehicle is provided with 
left-hand door has been remodeled into a door with a a~ view mirror system of periscope type (Fig. 6-b). 
supplementary window in its lower part and with the (b) M-2L: This is a left-hand drive vehicle based on 
waist line lower than that of the current model vehicle, the current model truck. In the same manner as the 
(d) N-3L: This is a left-hand drive vehicle based on M-2R, the vehicle is provided with a windshield of 
the N-3R. The vehicle is provided with a supplementary which the waist line is lower than that of the current 
window in the lower-right part of the front panel of model vehicle by 105 mm. 
the cab. Further, the right-hand door has been remod- And, in order to keep the right side field of direct 
eled to have a supplementary window in its lower part view, the right-hand door has also been remodeled to 

and the waist line lower than that of the current model have a supplementary window in its lower part and a 

vehicle (Fig. 4-c). waist line lower than that of the current model vehicle 
by 85 mm. 

(4) Hino Trucks 
(c) M-3R: This vehicle has been experimentally de- 
signed to lower the height of driver’s seat down. The 

(a) H-2R: This vehicle has been made based on the cab has been moved forward and downward beyond 

current model of a general heavy duty truck. The ve- the front wheels so that the height of driver’s eye point 

hicle has a windshield which has a waist line lower is lower than that of the current model vehicle by 330 

than that of the current model vehicle by 90 mm. The mm. Furthermore, the vehicle is provided with a wind- 

left-hand door is provided with a supplementary win- shield of which the waist line is lower than that of the 

dew in its lower part, and its waist line is lower than current model vehicle by 105 mm. The left-hand door 

that of the current model vehicle by 90 mm (Fig. is provided with a supplementary window in its lower 

5-b). part and its waist line is lower than that of the current 

(b) H-2L: This is a left-hand drive vehicle based on model vehicle by 85 mm. 

the current model truck. This vehicle is also provided (d) M-3L: This is a left-hand drive vehicte based on 

........ with a windshield of which waist line is lower than that the M-3R. Consequently, the waist line of the wind- 

........... of the current model vehicle by 90 mm. Moreover, the shield is 105 mm lower than that of the current model 

right-hand door is provided with a supplementary win- vehicle. Also, the right-hand door has been remodeled 

dew in its lower parts, and its waist line is lower than to have a supplementary window in its lower part and 

that of the current model vehicle by 90 mm. a waist line lower than that of the current model vehicle 

(c) H-3R: This vehicle has been experimentally de- by 85 mm (Fig. 6-c). 

signed to lower the height of driver’s seat down. The 
cab has been moved forward and downward beyond 
the front wheels so that the height of driver’s eye point 
is lower than that of the current model vehicle by 380 STATIC VISIBILITY TEST 
mm. In addition, the vehicle is provided with a sup- 

Test Procedures 
plementary window in the lower-left part of the front 
panel of the cab. Another supplementary window is 

(1) Fields of Direct View also provided in the lower part of the left-hand door. 

(d) H-3L: This is a left-hand drive vehicle based on A test vehicle (unladen, except for a spare tire, standard 

the H-3R. The vehicle also has a supplementary win- tools, a jack and so on) is set stationary on a horizontal 

dow in the lower-right part of the front panel of the plane, with wheels in straight forward position. An oh- 

cab. Another supplementary window is also provided server is seated on the driver’s seat in the test vehicle cab, 
in the lower part of the fight-hand door (Fig. 5-c). and his binocular location is set with reference to the eye 

point specified for the test vehicle (design value). Under 
these conditions, the fields of direct view are measured 

(5) Mitsubishi Trucks on the road surface and on the horizontal plane 1 m above 

(a) M-2R: This vehicle has been made on the basis of the road. For the field of direct view on the road surface, 
the current model of a general heavy duty truck. The the vision area is determined by the limit within which 
vehicle is provided with a windshield which has a waist the observer can recognize the lower end of a pole of 
line lower than that of the current model vehicle by 1 m in length held perpendicular to the road surface. 
105 mm to improve the forward field of direct view. For the field of direct view on the plane 1 m above 
In order to improve the left-side field of direct view, road, the vision area is defined by the limit within which 
the left-hand door has been remodeled to have a sup- the observer can recognize the upper end of the pole. 
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..... Tabte 7. Comparison of vision areas of Isuzu vehicles. 

~h i ¢ le 

~--~nter line of rear axle 2, Pi~ure 

TaNe 8. Comparison of vision areas of Toyota vehicles. 

I~ ft-side Ri~ ~t-side ~ 

Figure 7. Reference area for comparison of vision areas. ~,o~.~ o ~.~0 ~.o= ~.o~ 

Fields of InNrect View ~ ,~ ~ ~~~"~    ~~ (2) 

~ ~or ~d so on ~e ~ns~l~ at the d~i~ated 
s~n~d ~tions, ~d their ~gl~ are adjust~ ~ ac- TaNe 9. Comparison of vision areas of Nissan diesel 

~e fiet~ of ku~x~t view t~ough the ~ew ~or 
systems ~e m~d on the road suffa~ ~d on the ~ ,~ ~ ~~ 

ho~n~ pl~e 1 m a~ve the ro~ in the same ma~er 
~~~--~~~~-~.~0 

A~rding to the S~ety Re~lations for Road VeNcl~, ~ ~ .... 
the refer~ ~ea is defin~ ~ the ~ s~ound~ by [ j~.~ ~ ......... ~ .... 

the ~vese Nne l~t~ 2 m ~ead of the frontmost 
end, the lonNtud~ !~e 3 m out~d on the le£ side, TaNe ~0. Comparison el vision areas el Nine 

the ~e extend~ Nong the dght side ~d the tr~sve~e 
ILne ext~d~ t~ough the 1fine ofr~ ~e (the fo~d ~ ........ ~ ~_~ ~,_~ ~ ~.~ 

~le N the c~ of ~dem ~) for each test vehicle re~ 
~showninFi~eT. 

~ 
~~ ~~ ~~:~ ..... ~ 

For ~h t~t veNcle, the ~sion ~ is dete~ned ~.~ 

~t~n the referen~ ~ea. The t~t r~i~ obtain~ are 

the e~ent m~el veNcl~ rand the ex~fimenml veNcl~. 
Mor~ver, the fields of dir~zt ~ew on the road surface Table 1 ~. Comparison of v~sion areas of Mitsubishi vehicles. 

~e shown ~ Fig~e 8. 
In ~mpmfson of the ~t r~ults, the generN features ~.,,~,. ~,~ 

by wNeh ~ch type of the t~t veNcl~ is ;dist~sh~ ,,.,, o, ~,. ~~ "-~ "-=" .-z~[ ,-,, .-~ 
tYom ~c~ other ~e d~cfiM ~ gollows. ,.o.., ,_             ~       ,’"°-, 

(1) F etds of Direct V ew 
~ere ~e ~t no ~sion ~e~ at ground level for ,,,, 

the c~t m~el veNcl~ wit~ the referen~ ~, ~- "~" ~" ~" ~" ’~"~ ~:~o, ~,~:~, 
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(a) Isuzu Vehicles (b) Toyota Vehicles (c) Nissan Diesel Vehicles 

Eye point                                         Eye point                                             Eye point 

3~ ~ 

.......... 3 ~ ~ ~ ~ 

(d) Hino Vehicles (e) Mits~ishi Vehicles 

Note: Eye ~int is eider on ~e 
right in a right-h~d 
dri~ vehicle or on ~e 

1 3~ 

~ 

~hicle.     left in a left-h~d dri~ 

Eye point Eye ~int 

............. ~L ~ ~ ~ ~ 

3S ! J 

Figure 8. Comparison of fields of direct view on the road surface within the reference area. 

though there are some for the experimental fight-hand (2L) and the fight-hand drive vehicles with a low floor 

drive vehicles and more for the expefimental left-hand (3R) followed by the right-hand drive vehicles with im, 
drive vehicles. Comparing the visibility-improved vehicles proved visibility (2R). 

with the low-floored vehicles, the vision areas are almost In the case of the vision area on the plane 1 m above 

the same for all right-hand drive vehicles except the dump the ground, the vision areas exist also in the tbrward of 
trucks. In the case of the right-hand drive dump trucks, the vehicles in addition to the forward-left of them and 
the vision area of the low-floored vehicle is larger than the left sideward of them. 
that of the visibility-improved vehicle. For the low-floored vehicles, es~ially, the forward 

For the left-hand drive vehicles, the vision areas of the part in the vision area accounts for a comparatively large 

low-floored vehicles are slightly larger than those of the proportion of the whole vision area. 
visibility-improved vehicles, 

For all test vehicles, the location of the fields of direct 
(2) Fields of Indirect View 

view is in the forward-left of each of them and in the left 

sideward of it as shown in Figure 8. The difference in the vision areas in fields of indirect 

The observer has a vision area of some degree on the view is comparatively small between the current model 
plane 1 m above the ground for the current model ve- vehicles and the experimental vehicles. 
hicles. The vision area on the ground is larger than that on 

The vision area on the plane 1 m above the ground is the plane 1 m above the ground. 

the largest for the left-hand drive vehicles with a low floor The vision areas of some experimental left"hand drive 

(3L) among the experimental vehicles, the second largest vehicles are smaller than those of the current model 
for the left,hand drive vehicles with improved visibility hides on the plane 1 m above the ground in particular. 
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DYNAMIC VISIBILITY TEST Table 12. Frequency of test runs in dynamic visibility test° 

Test Procedures 
A subject has an eye camera on. While a test vehicle 

his line of sight is recorded on a 16 mm film by the eye ~ __ 
camera. The v4ndows and view mirror systems of the test 
vehicle he turned his eyes upon are surveyed with the 
recorded fihna in the process of turning left from the sometimes used in spite of the small vision area through 
entrance of a crossroads (stop line) to the point where it. 
turning left finishes (corresponding to the point where In the case of I-2R, the tendency to utilize the mirror 
the test vehicle gets ready for going straight ahead passing systems and window openings is similar to that of I-1, 
the crossroads), and the newly-adopted supplementary window was used 

fairly often. For I-2L, the left-hand door window was 
utilized, and the fact remarkably distinguishes it from 

(1) Location of Test I-1. 
As for the test location, we used the courses in an When I-2L goes ahead in the oblique left direction 

automobile driver’s ~zhool and a driving license exami- following the beginning of turning left, the driver on it 

nation center. The traffic conditions on the public roads can get a field of direct view in the same direction through 

were simulated in and around the crossroads on these the left-hand door window. In I-3R, the driver is able to 

test courses with passenger cars, motorcycles, bicycles recognize the oblique left-forward zone through the lower 

and pedestrians passing at random, left part of the windshield. Therefore, this part of the 
windshield was utilized in turning left. 

In the case of I-3L, the tendency to utilize the view 
(2) Test Vehicles and Subjects (Drivers) mirror systems and window openings is similar to that 

of the I-2L 
The test was carried out on 10 vehicles in total, in- 

cluding the current model vehicles, manufactured by 
Isuzu Motors Ltd. and Hino Motors Ltd. Subjects are 
three drivers for the dump trucks and four for general 

Table 13. Utilization of view mirror systems and window 

trucks. All of them were professional drivers, 
openings of lsuzu vehicles in turning left. 

(3) Frequency of Test Runs                  t\~ 

"l~e test runs for the dynamic visibility test were re- 
peated 139 times in total The frequencies of test . , runs are ~ o , x . x ..... , i o o . o - 
shown in Table 12 = ..... ~ ...... 

Results of Dynamic Visibilit3, Test ,’ o ..... o . . o ,’ o ..... . .               o    _ 

(1) Utilization of View Mirror Systems and 
Window Openings by the Drivers on Isuzu 
Dump Trucks in Turning Left 

18 o o x       o       - [? 6 o x x       x x o 

It: is shown in Table 13 how each of the mirrors and 1,,0 o° o° ," .~ .~ _.-       " ~ o ..... , , . ~ .to° 

window openings was utilized by the drivers on each test 
vehicle in turning left on every test run. 

For I-l, a driver can utilize the rear-view mirror, the 

side-and-under-view-mirror, the under-view mirror and 
’~ o ~ x x x x ~ 5 o x o - 

the supplementary window in the lower part of the left- 
"~ ~ o ~ . ~ o ~ .... ~’ ~, o .... . 

hand door/’or the purpose of conX’uTning the traffic con- ~’ ~o ...... ~ o -~ -~ ~ - 

In the case of this vehicle, both the rear,view mirror l~n o .... o o ~,,° 
u ....... 

and the side-and-under-view mirror were utilized in al- 
~ o ° ~ , , o 

most all test runs, and the supplementary window was 
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Utilization of View Mirror Systems and Comparing the usage of the window openings, the left- 
Window Openings by the Drivers on Hino hand door windows were frequently used for the purpose 

Trucks in Turning Left of confirming safety in turning left in the left-hand drive 

is shown in Table 14 how mirrors and window open- vehicles, and the lower parts of the windshields were used 
in the right-hand drive vehicles with a low-floor. How- were utilized by the drivers on each test vehicle on 

every test run. ever, the newly-adopted supplementary windows were 

For H-1, the rear-view mirror, the side-and-under-view 
used only several times. 

mirror and the under-view mirror are available for con- 
firming safety. In practice, the under-view mirror was not 

at all and the side-and-under-view mirror was used SUBJECTIVE EVALUATION TEST BY 
about half the number of test runs. PROFESSIONAL DRIVERS 
Each experimental vehicle by Hino Motors Ltd. is sim- 

to the corresponding vehicle by Isuzu Motors Ltd. Test Procedures 
the tendency to utilize the view mirror systems and To evaluate the visibility of the experimental vehicles, 

window openings. However, the frequency of using the the five-points scale comparative test was carried out by 

mirror systems and the window openings is rather using the current model vehicles as the standard. The test 

for the former than the latter, was carried out on the nine major items which include 
the various performances such as visibility, habitability, 

Arrangement maneuverability, control and so on. 
Evaluated items on visibility are shown in Table 15. 

The rear-view mirrors were always used in turning left The subjective evaluation test was performed by profes- 
the drivers driving each of the test vehicles. The side- sional heavy duty truck drivers. They operated each test 

and-under-view mirror was often utilized for I-1, I-2R, vehicle in place of the dally-used vehicles for a definite 
I-2L, H-1 and H-2R, sometimes for 3L, and not at all period (2 or 3 days) either on the regular routes or in 

the rest of the test vehicles (I-3R, H-2L, H-3R and their daily operating areas. Through the process of op- 
H-3L). crating the test vehicle, they rated the performances of 

The under-view mirror was occasionally used for I-2R, these vehicles by their feeling. 
not at all for all of the test vehicles other than I-2R. 

Table 14. Utilization of v,ew mirror systems and window (1) Test Vehicles and Subjects (Drivers) 
openings of Hino vehicles in turning left. The test was performed on 24 trucks in total which 

,~ ~ ~ ,~ . ~ comprise the experimental vehicles and the current model 

~-;~ ~ -" ~ ~!! ~:~ ~;, ~ ~.~ 
vehicles by five manufacturers shown in Table 1. 

I~\~\ ~1~"i! ~1~ ~, 
~ ~ ~ ~ ~ ~"~ ~ ~ ; ~ ~ "~ ~ ~ 

Subjects were classified into five groups according to 
o ~ .,,o ,,,., the manufacturer of the vehicle which each of them op- 

~ .; ~ ..: ~ ~-~ ~_~ }.; crated daily. 
~ .... ~ .... Each group was composed of ten subjects. 
2 o o x x 2 o x x x 
~ .... ~ .... Each of them performed the subjective evaluation test 
4 o o x x 4 o x x o 

~ o , , x ~ o ~ ~ o - on the test vehicles in reference to the current m~del 
6 o x x x 6 o x x o - 

~ .... ~ .... vehicle he operated daily. 
8 o x x o 8 o x x o - 
9 o x x x 9 o x x o 

I0 o x x x tO o x x x - 
II o o x x ii o x x o . .... (2) Location of Test 
13 0 o x x 1 o x x x o x o 
14 o x x             x 2 o x x x o x x 

zs .... ~ ....... Using the truck terminals where the subjects worked 
16 o      o x x ..... 4 o x x x o x o 

, 

z, .... ~ ....... as the bases, every test vehicle was used for routine trans- 
18 o x x x ..... 6 o x             x o         x x             x 

~ ....... portation on public roads and highways around the ter- 
~ 8 o x x x x x x 1 o o x x x 

~ ..... ,. 9 ....... minals or on regular routes. 
i0 o x x x x x x 3 0 x x x x 

4 o o x x x ii o x x x o x o 
5 o o x x x 12 o x x x x x x 
6 0 0 X X X 13 X o x x o x o 
7 o x x x x 14 o x x x x x x 
~ ..... ~5 ....... Table 15. Evaluated items on visibility in subjective evalu- 
9 o o x x x 

z0 o . , o . z o ~ . o - - ation"----* 
II o o x x x 2 o x x o - 
12 o o x x x - ~ - 3 0 x X 0 ..... l~ajor item Hinor item Sub item 
13 o x x x x ~ 4 o x x o 
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T~le 16. Total travelling distance during subjective evalu-    (2) Dynamic Visibility 
ation test. 

~un,t, ~=~ Every experimental vehicle was evaluated superior ~o 

~ the current model vehicle in the ability for the driver to 
Gr cup 

grasp the traffic condition in stopping, just before starting 
~ Ist group 2nd group Total 

Test vehicle~- and in turning left at a crossroads among the items on 
~ visibility. 

I-1_ 
4,733 2,365 7,098 

Consequently, it can be said that the original purpose 
~-~ 5,53~ 3,13~ 8,666 

in making experimental vehicle was attained. 
I-2L       4,397     k      616          5,013 

- - However, some of the experimental vehicles were eval- 
_ I-3R 4,449 1,803 6,252 

mated inferior to the current model vehicles in some af 
I-3L 4,108 1,960 6,068 

the items on visibility. For example, the 2L vehicles were 
T-I     1.930     6,785     8,715 

evaluated inferior to the cm~rent model vehicles in the 
T-2R                 ~ ¯ 572                        5,924                        7,496 

ability to allow drivers to confirm the traffic condition 
T-3R 2,328 7,197 9,525 in turning right at a crossroads, the 3L vehicles in the 

___T-3L 2,165 6,329 8,494 ability to allow drivers to confmn the traffic condition 

~- ~ 3,46 ~ 4, ~ 36 8,3 o ~ in going straight ahead, and both of the 2L and 3L vehicles 
~-2_ ~_ ~,605 5,7~0 9,n~ in the ability to allow drivers to confirm the traffic con- 

Nissan 3~esel--N-2L 3,019 4,954 7,973 dition in their front and rear in passing. 
N-3R 3 , 495 7 , 222 i0 , 717 

N-3L 3,678 5,283 8,961 

- .-1 4,459 3,857 8,316 Habitability, Maneuverability and Control 
4, 96 8,3 6 (1) Habitability 

~.-3R 3,167 1,590 4,757 In terms of habitability, that of experimental vehicles 

l H-3L_ 
2,707 1,206 3,913 Was evaluated approximately the same as that of current 

~ 633 5,906 6,5~9 model vehicles. However, the 3R and 3L vehicles were 

757 6,146 6,903 evaluated inferior to the current model vehicles in the 

Mitsub~sh:[ M-2L 372 6,060 6,432 perforl~ilan~’d~ of heat isolation. 
I M-3R 505 6,097 6,602 

~-3_ ~_ ~07 6,000 6,507 (2) Maneuverability 
Total 67,008 106 . 725 173,733 

The experimental vehicles other than the 2R vehicles 

were evaluated inferior to the current model vehicles in 
maneuverability. 

Test Results 
(3) Control and Ease of Getting On and Off 

the Cab 
For each test vehicle, the total distance of travelling In terms of control, the 2R vehicles were evaluated the 

during the subjective evaluation test is shown in Table same as the current model vehicles. However, the 2L and 
~ 6. The test results on the ~ evaluated items are shown 3L vehicles were evaluated inferior to the current model 
in Table 17. vehicles in this point. 

These results were obtained by statistically analyzing The 3R vehicles were evaluated superior to the current 
the results of the five-points scale comparative test on the model vehicles in the ease of getting on and off. 
performances of the experimental vehicles. 

CONCLUSIONS 
Visibility 

As a step of the program for preventing traffic accidents 
(1) Static Visibility caused by heavy duty trucks when turning left, five heavy 

For each of the experimental vehicles, ~he field of direct duty truck manufacturers made experimental vehicles 

"Aew was improved as shown in Table 17. However, the with improved field of view to examine the effect of the 

field of indirect view of every experimental vehicle was visibility improvement in traffic accident prevention at 

not remarkably improved in comparison with that of the the request of MOT. 

current model vehicle corresponding to it. This coincides As the test results on these experimental vehicles, the 

w~th the result of the static visibility test mentioned pre- conclusions are obtained as follows. 

viously. (1) It is confirmed from the static visibility test that each 
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Table 17. Result of subjective evaluation test. 

o : Bettez             x : Worse 
Not changed    ~ : Scattered 

Major item               Minor Item                sub item                             Detail                         2RI2L 3R 

a. Visibility         (1) Static            ’ I) Field of direct o Forward and lower field of view                o 
vislbility            view                   through windows 

o Left sideward field of view through          o 
windows 

2) Field of           o Field of view through rear-view 
indirect view         mirror 

(2) Dynamic            i) Confirmability o Confirmation of the circumstance 
visibility                                       around the vehicle itself in 

stopping, just starting 

o Integrated rating on confirmation              o 
of the circumstance in and around 
crossroad in turning left 

o Confirmation of the circumstance in          o 
and around crossroad in turning 
right 

o Confirmation of the traffic condi-            ~ 
tion in going straight ahead 

o Confirmation of the traffic condition 
forward and rearward of the vehicle 
itself in passing 

o Confirmation of pedestrians, motor-           ~ 
cycles and other vehicles around the 
vehicle itself in reversing 

(at rain)     o Visibility under the condition of              x 
mud splashing 

2) Anti-dazzling,    o Glare due to the headlamp of                    x 
ghost                 opposing vehicle 

b~ Hab~tabihty       (I) Rlding space      i) Around seat       o Integrated rating on the ride space           ~ 
2) Around bed 

(2) Vibration and                              o Integrated rating on vibration and            ~ 
ride comfort                                  ride comfort 

(3) Alr condition-    Ventilation, air      o Integrated rating on comfort owing              - 
ing                 conditioning            to ventilation and air conditioning 

(4) Isolation from                             o Integrated rating on the ability to           x 
heat                                            isolate from heat 

c. Maneuverability (i) Maneuverability i) Lane change       o Integrated rating on stability and            - 
on general road                                   controllability in lane changing 
(Handling)         2) Obstacle           o Integrated rating on stability and            ~ 

avoidance             controllability in turning 
maneuverability 

(2) Maneuverability                           o Integrated rating on maneuverabi-              x 
on off-road                                   lity on off-road 

(3) Ease of driving i) Urban area         o Integrated rating on ease of                    ~ 
driving in urban area 

2) Highway            o Confirmation of the traffic condi-            x 
tion in following the next vehicle 
ahead 

3) Mountainous       o Integrated rating on ease of                    x 
region                   driving in moutainous region 

4) Reversing,         o Maneuverability in reversing and 
moving aside         moving aside 

d. Control and        (i) Control                                     o Integrated rating on control                    - 
getting on and 
off                     (2) Getting on and                                 o Integrated rating on getting on                   o 

off                                             and off 
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of the vision area directly recognized by a driver in an uated inferior to the current model vehicles in the eval- 

experimental vehicle is larger than that of the current uated items on the maneuverability, such as that on off- 

model vehicle. The experimental vehicles, however, are roads, in the subjective evaluation test. 

comparable to the current model vehicles as to the vision (6) The right-hand drive vehicles with improved visibility 

area through the view mirror systems. In the subjective were evaluated the same as the current model vehicles in 

evaluation test, the evaluation leading to these facts was the evaluated items on the control and ease of getting on 

obtained, and off the cab in the subjective evaluation test. 

In particular, the fields of direct view of the left-hand However, the left-hand drive vehicles (both the visi- 

drive vehicles with a low floor are the largest among those bility-improved and the low-floored vehicles) were eval- 

of the test vehicles, uated inferior to the current model vehicles in these 

However, on the contrary, the fields of indirect view points. 

of some left-hand drive vebdcles with a low floor are rather The summarized conclusion is as tbllows. 

smaller than those of the current model vehicles. It was proved that both of the visibility-improved ve- 

(2) As a result of the dynamic visibility test on the uti- hicles and the low-floored vehicles surpass the current 

lization of the view mirror systems and window openings, model vehicles in the ability to allow drivers to confirm 

it is found that the rear-view mirrors are always used in the safety in stopping, turning left and reversing, and that 

stopping, starting and turning left at a crossroads for all the enlargement of window openings and the adoption of 

vehicles, and that the improvement of the field of direct the supplementary windows are effective. 

view by means of lowered height of the eye point, enlarged The visibility-improved vehicles, particularly the fight- 

window openings and newly-adopted supplementary win- hand drive vehicles, seem possible to be commercialized 

dows more or less serves to confirm safety. This is sup- without any drastic modification of the current design 

ported by the result of the test on the visibility at turning concept. However, these don’t necessafily have sufficient 

left which is one of the items evaluated in the subjective fields of direct view at present. 

evaluation test. Consequently, it should be said that the For the low-floored vehicles, many problems still re- 

original purpose to make an experimental vehicle with main to be solved. 

improved field of view was attained. 
(3) The left-hand drive vehicles with improved visibility 
and the low-floored vehicles (both right-hand and left- ACKNOWLEDGEMENT 
hand drive vehicles) were evaluated inferior to the current 
model vehicles in some of the evaluated items on the This work was programed by the Committee for Eval- 

visibility in the subjective evaluation test such as the abil- uation of Experimental Heavy Duty Trucks (chairman: 

ity to confirm safety in going straight ahead or in passing, professor K. Higuchi). The authors wish to acknowledge 

(4) The experimental vehicles were evaluated to be ap- the kind guidance and earnest discussion given by the 

proximately the same as the current model vehicles, ex- members of the committee. 

cept for some exceptions, as to the evaluated items on They also wish to express their gratitude to their col- 

the habitability in the subjective evaluation test. leagues who assisted them in the experiments and many 

(5) Each of the experimental vehicles was generally eval- people who contributed to various phases of this work. 

The Volvo Electronic Traction Contro  (ETC) System--A Concept for 
Safe Driving 

LARS LIND erful engines such as high-performance, turbo-charged 

Volvo Car Corporation engines. Especially at overtaking, it is easy to lose driving 

Gothenburg, Sweden wheel lateral stability by a too high wheel spin rate, caus- 
ing dangerous skidding. 

The Volvo ETC system is developed to avoid such 
situations. It is designed to optimize traction and lateral 

When driving on low-friction road surfaces or on roads stability by controlling engine torque in response to the 
with changing friction conditions, it is easy to lose control actual road conditions. 
of the car, especially when stepping too hard on the ac- This paper describes the theoretical background, the 
celerator pedal. The problem is increasing with more pow- components and the functions of the Volvo ETC system. 
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INTRODUCTION 

From the point of view of road safety, the concept of 
vehicle speed is always relative. It has to be judged with 
respect to the actual road condifionsmfor instance the 
friction of the road surface. For example, a slow ride in 
a low-powered car in very slippery road conditions may 
be almost as dangerous as far as the risk of skidding is 
concerned as driving at 200 km/h in a high-powered 
performance car in very good friction conditions.                                    ~° .......... 

The friction between the wheels and the road surface 
is especially important if you want to change the vehicle 
speed rapidly. If you brake hard on a low friction road o 
surface it is easy to lock the wheels and lose any possibility 
of steering away from a dangerous traffic situation. This Figure 1. Relationship between traction force, lateral force 
may be counteracted by an anti-skid braking system, and wheel spin rate. 
which has been documented before, and I will therefore 
not go into details here. Equally well, if you want to 
accelerate rapidly to overtake safely or want to adjust to 
a higher speed when driving on to a motorway, it is easy 

free-rolling--with no engine or braking power appliedm 
to spin the driving wheels, thereby losing traction and is the spin or slip equal to zero. 
losing control of the front or rear end of the car, depending 

The relative difference in speed between a driving wheel 
on where the driving wheels are. 

and a free-rolling wheel is called spin, S. There is a certain 
Regardless what type of engine--high or low pew- relationship between the rate of wheel spin, the traction 

ered we put into a vehicle it would be quite an achieve- 
force and the lateral force that can be adopted by a certain 

ment to be able to control and regulate the engine output 
combination of tyre and road surface. The relationship 

to the actual road friction. When the road is slippery and 
can be seen in Figure 1. The traction force curve forms 

sudden acceleration is required, the engine should provide are similar for different combinations but the slope of the 
only the amount of output which the grip between the curve and the maximum level differ due to type of tyres 
wheels and the road surface will permit. This is basically 

and friction conditions of the road. The higher the fric- 
the main idea of the Electronic Traction Control (ETC) tion, the higher the maximum level. 
system, a system developed by the Volvo Car Corporation. When a wheel is free-rolling (spin rate = 0) there is 
It controls the engine to provide optimum use of existing 

zero traction force transferred from the wheel to the road 
road grip for acceleration and lateral stability, including 

surface--no acceleration. At the same time there is max- 
adaptation to variations in road friction, such as, for 

imum lateral force, which means that the risk of lateral 
example, when icy conditions have to be negotiated, 

skidding is minimum. 

As engine torque is applied and increased, the wheel 
THEORETICAL BACKGROUND spin rate increases slightly, due to the deformation in the 

tyre tread. The traction force increases in proportion to 
It is a fact that the wheels of the car seldom run with the spin rate in this area, enabling the car to accelerate. 

the same speed as the car itself. This may sound odd, but The lateral force decreases, but not significantly, which 
just think of the situation when you brake so hard that means that you still have a reasonable margin for skid- 
your wheels lockmthe wheels have zero rolling speed but ding. However, if the engine torque becomes higher than 
the car still moves. The opposite occurs when, on a slip- the maximum friction possible between wheel and road 
pery road, you try to accelerate quickly from zero speed-- surface the wheel spin rate increases very rapidly, causing 
the driving wheels spin at a high speed but the car remains a dramatic decrease both in lateral stability and traction 
stationary, force. The car accelerates less efficiently and, more ira- 

Even between these extreme conditions, there is always portantly, the lateral force approaches zero very quickJy. 
a difference in speed between the wheels and the car-- This is when the car starts skidding, causing dangerous 
the wheel speed is lower than the car speed if you brake situations which are difficult to handle even by an ex- 
even very carefully, (known as "slip") and higher if you perienced driver. 
accelerate even very slowly, (known as "spin"). This is The aim for the Volvo ETC-system is to maintain an 
due to the elasticity of the rubber in the tread surface optimum spin rate for the driving wheels to allow max- 
and the deformations caused by the acceleration or brak- imum acceleration, and, at the same time, to maintain a 
ing forces on the wheel. Only when the wheel is absolutely high lateral force to ensure a good margin for skidding. 
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Figure 2. Simplified block diagram showing ETC, VCCT and 
fuel iniection systems. 

SYSTEM COMPONENTS Figure 4. Prototype electronic control unit. 

The ETC-system, Figure 2, consists of four wheel-speed 

sensors, one in each wheel, and an electronic control unit The electronic circuits may be contained in a separate 

for signal conditioning of the wheel speed signals, with box but may also be integrated in the VCCT micropro- 

interface to an e~ting electronic fuel injection system cessor control unit. Tl~is prototype is based on a 1-chip 

and turbo charge control system, if present, microcomputer with an EPROM memory of 3,5 k bytes 

The VCCT in the figure stands for Volvo Computer for development purposes. 

Control Turbo, and is a turbo charge control system also 
deve!op~ by the Volvo Car Corporation. It should be 
underlined, however, that the ETC-system is not linked 

or ILmited to turbo-charged engines. It also performs a Tdrque 

sound function with less powerful engines. 
In each wheel is installed a toothed ring and a magnetic 

sensor for independent sensing of each wheel-speed,                             Tufl~o 
Figure 3. 

The toothed ring rotates close to the sensor, inducing 
changes in magnetic flux. The sensor output signal is an 
alternating voltage with a frequency proportional to the 
sp~d of each wheel. 

The electronic control unit, Figure 4, contains circuits 
to detect the four wheel speeds, to make comparisons 
between them and to decide whether to decrease or in- 
crea~ engine torque by action upon the fuel injection and 
turbo charge control system. / ~. 

/ 

/ 

/ 
2 cyi. 

Engine speed 

Figure 3. Installation of wheel speed sensors. Figure 5. Reduction of engine torque in stages. 

974 



SECTION 5: TECHNICAL SESSIONS 

SYSTEM FUNCTION of ~ cylinders until the spin rate starts to decrease. The 
fuel supply is then switched on again in stages according 

In order to determine the spin rate of a given driving to the actual spin. This will cause the spin rate to oscillate 

wheel, the speed signal from that wheel is compared with around the optimum value for traction force and lateral 

that from the free rolling wheel on the same side of the force. The cycling frequency is typically 1-5 times per 

car. The same pair comparison is made on the other side. seconds. The lowest engine torque occurs at a spin rate 

If any of these comparisons show that one driving wheel above approximately 20% where only one cylinder is 

speed is (for instance) 5% higher than the corresponding active. 

free rolling wheel, spin is detected. This will cause the 
turbo charge to switch off, Figure 5. 

If the spin rate continues to increase, the ETC-system SUMMARY 
will switch into the electronic fuel injection system and 
cut off the fuel supply to one or more cylinders, in stages The Volvo Electronic Traction Control System has 

and in proportion to wheel spin. The number of stages been designed to optimize traction and lateral stability by 

may vary, but in the prototype the fuel supply is cut by controlling engine torque in response to the actual road 

~ cylinder per stage by cutting out half the number of conditions. It has been developed to further increase safe 

fuel injection pulses, driving, particularly handling and stability when driving 

This means that the engine torque is reduced in stages and overtaking on slippery roads. 
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"al Technical Session 
The Legal System of Japan on Motor Vehicles* 

KAZUHIKO MORISAKI vehicles, the number of trat~c accidents, etc~ and also on 

KUNIO TAKAHASHI the system of safety regulations under the Road Vehicles 

Engineering Division, Motor Vehicles Act and circumstances leading up to the main amend- 
ment. On the other hand, contents of recommendations 

Department, Road Transport Bureau, 
by the Council for Transport Technics which is preparing 

Ministry of Transport a plan to strengthen and expand the safety regulations 
will be explained. 

Part 1: Outline of Legal System on Motor 
Vehicles 3rd Installment: Motor Vehicle Pollution Control 

Measures and Energy-Saving Measures 

Introduction As to the regulations of exhaust emissions for motor 
vehicles and the regulations of noise, explanation w~ll be 

In Japan, the recent progress of motorization has been made on the outline and circumstances of regulations and 

remarkable, and today we cannot talk about social activ- at the same time on the environmental standards laid 

ities without including motor vehicles. In this series en- down by the Basic Law for Environmental Pollution Con- 

tided "Legal System of Japan on Motor Vehicles", we trol and the present pollution situation, etc. 

will explain in seven installments the contents of various In addition, regarding the energy-saving measures of 
systems mainly on structures of vehicles in the environ- motor vehicles, the Rationalization of Energy Consump- 

meats surrounding motor vehicles, tion Act and the standards such as a goal for improving 
.As the first installment of the series, we explain in the fuel consumption, etc. based on the said Act will be ex- 

present issue the outline of the legal system relating to plained. 

motor vehicles centering around the Road Vehicles Act 
so as to provide a general p~cture of how the laws and 4th Installment: Motor Vehicle Type Approval 
acts relating to motor vehicles have been legislated in System 
Japan. We hope this series will be of help to those con- 
cerned with motor vehicles in foreign countries in un- As the type approval systems for the purpose of ex- 
derstanding the various measures in Japan governing amining whether motor vehicles meet safety and pollution 
motor vehicles from the side of hardware, control regulations, there are two systems, the Type Des- 

ignation System and the Type Notification System, which 

Outline of This Series will be explained in this installment. 
In applying such systems, for a concrete application of 

Before embarking on the main subject, we will explain safety and pollution control regulations, technical re- 
the outline of contents of the respective installments, quirements, standards for type approval testing and test 

procedures are determined, an outline of which will be 
1st Installment: Outline of Legal System on provided. 
Motor Vehicles In addition, reference will be made to the recall system, 

which will be applied in case the structure and devices 
Explanation will be made on various systems under the 

of a motor vehicle have any defect which may cause a 
Road Vehicles Act and at the same time the outline of 
the Road Trat~c Law, the Air Pollution Control Law, 

problem affecting the safety or pollution control. 

etc. 
5th Installment: Motor Vehicle Inspection and 

2nd installment: Safety Regulations for Motor 
Registration System 

Vehicles Explanation will be made not only on the vehicle inspec- 

Furthermore, as to the Safety Regulations for Road 
tion system whereby the Government itself inspects motor 

Vehicles, explanation will be made on the environment 
vehicles at its Land Transport Office to determine 

surrounding motor vehicles such as the number of motor 
whether they meet the safety regulations, but also on the 
actual inspection procedures, facilities, personnel, etc. 

Further, the registration system for motor vehicles 
~ Rece~ ~Oth ~u~, ~8o which have passed the inspection will also be explained. 
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6th Installment: Motor Vehicle Accident Preven- 
tive Measures and Research System of the 

Government 

Explanation will be made on various measures for pre ...... - ~:~ .......... ~oo 

venting motor vehicle accidents and also on measures for 

prevention of accidents from the sides of operational man- 

agement and vehicle maintenance of motor vehicle trans- , 
portation businesses. 

Further, explanation will be made on the safety meas- 

ures for the transportation of dangerous materials such 
Chart of legal system relating to motor vehicles. 

as gasoline, liquefied petroleum gas, high-pressure gas, 

etc. In addition, we will explain the test and research 

system conducted by the Government relating to the The outline of these main Acts and Laws is as follows: 

safety, pollution and energy-saving of motor vehicles. 

The Road Vehicles Act, or 1951-Law No. 185, 

7th Installment: Maintanan¢~ and Repair of Me- was enacted on June 1, 1951 and has been the 

tot Vehicles changing conditions. 

Explanation will be made on the periodical inspection This Act sets out requirements for structures and sys- 

and maintenance system for the prevention of motor ve- terns of motor vehicles for the purpose of ensuring the 

hicle accidents and at the same time refe~:ence will be safety and pollution control of motor vehicles and at the 

.... made to the actual procedures of maintenance and repair same time establishes a system for inspection and regis- 

and the conditions of application, tration of motor vehicles, aiming at their appropriate use. 

Further explanation will be made on the approval sys- Further, the Act also obliges proper maintenance and 

tem aiming at a sound development of motor vehicle repair of motor vehicles in order to ensure the safe per- 
maintenance and repair business and the designated motor formance, etc. of structures and systems of motor vehicles 

vehicle repair business system whereby the motor vehicle and provides for the maintenance and repair business. 
inspection conducted at the Land Transport Office can Since the Act is the fundamental law to regulate motor 

be substituted by repair and inspection at designated vehicle structure, further explanation will be made on the 
maintenance and repair shops, outline of the main items: 

Explanation will also be made on the authorization 

system of motor vehicle maintenance and repair me- 

chanics aiming at improving their skis in maintaining Safety regulations for road vehicles: 
and repai_ring motor vehicles. 

In order to secure the safety of motor vehicles and 

Outline of Legal System on Motor Vehicles control pollution on the structures and systems of motor 

vehicles, the minimum technical requirements for safety 
The total number of motor vehicles in use in Japan are determined. Therefore, motor vehJcles must be man- 

was only 140,000 in 1945, but in recent years there has ufactured so as to meet such requirements. 

been a remarkable increase in the number of motor ve- Further, regulations must be met in conductLng main- 

hicles in use. The number doubled to 5 mizen in 1963, tenance and inspection of motor vehicles which are pres- 
10 million in 1967 and 20 million in 1971 and reached ently used. The respective technical requirements are 
37 million at the end of March, 1980, a jump of about determined in the "Safety Regnlations for Road Vehicles" 
7% over each previous year, and the number of persons as the Ministry of Transport Ordinance (Ministry of 

who have driver’s licenses now exceeds 40 million (Table Transport Ordinance No. 67 of July 28, 195 ~) under the 
1: Number of motor vehicles in use and number of persons provisions of the Act. 
who have driver’s licenses). During the above period, the 

performance of motor vehicles also improved greatly, and 

with the improvement of roads, enlargement of economic Registration system of motet vehicles: 
scale, etc. the diffusion of motor vehicles increased out- 
standingly, with the result that they have considerable In order to certify officially the ownership of motor 

influence on Japan’s economic and social life. vehicles, all motor vehicles (excluding motorcycles and 

Incidental to such spread and popularization of motor motor vehicles with special structures) must be registered 

vehicles, the legal system has been improved and com. and must bear motor vehicle registration number plates. 

pleted gradually. The following chart outlines the main No unregistered motor vehicle is pern~Jtted to r~n on the 

laws and acts relating to motor vehicles: roads. 
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Table 2. Actual length of roads. 

(Unit: kin) 
(P~ng rate: %) 

~ln 
Extension 

Y~ ext¢~on dex ~te l~ex ~ew~s ~de ~ Table 3. Running distance of motor vehicles. 

~57 952.932 93 23 13 - - (p.~ ~.t~: 
58 959,950 94 2.5 14 - - 

~ 

~ot~ 
’59 961.914 94 2.8 15 _ _ ~.~ 

’60 972.949 95 3.1 17 - 
k~mete~ B~s    ~dex ~s l~ex Trucks ~ ~dex 

95 3.5 19 - 1956 13.859,887 
67 ~1,398.674 

26 4,852,45 4 7,608,761 ~ 
~ 

"57 16,695,533 1,575,229 ’61 ~8,441 - 29 6,774.38 6 9.345,923    9 
’62 971,522 95 4.1 23 - -- "58 19,207,242 9 1,748,883 32 6,641,19 6 10,817,162 11 

~63 967,534 95 5.1 28 - -- ’59 21,492,342 t0 1,932,814 36 7,433,94 6 12,125,587 

’~ 9~.753 96 6.2 34 _ _ ’60 2s,~63,992 ~3 L994,2~ ~ s,~24,~ ~ ~,~,9a3 

988,774 97 7.4 4~ _ _ "61 35,545,397 16 2,2~,014 41 11,~6,98 10 21,472,403 22 

’62 42,963,~ 19 2,~8,188 45 15,388,57 13 25,126,5M 25 
’66 996,630 97 9.0 49 - -- ’63 56,282,902 25 2,775,~5 51 2~934,61 17 32~ 73,240 33 

~67 994,926 97 10~8 59 - -- ’~ 70,329,156 31 3,326,712 62 25,913,31 22 41,089,134 41 

’68 1,~4,315 98 12.6 69 - -- "65 82,155,224 36 3,589,9~ 67 34,~2,31 28 ~,563,~ 45 

"69 1,013,951 99 14.9 82 _ - .~ ~,~46,5t3 ~ 3,8ss,335 72 43,4s9,~o 36 5~,35s,4~4 

’70 1,022.936 1~ 18.2 100 17.0~.7 1~ ’6~ ta~,2~3,~2s so 4,2~s,3~6 s3 sa, t~,26 4a 69,s3~,~0~ 

’71 1.036,895 101 21.7 119 21,438.9 126 ’6s 163,421,~2 72 4,707,369 87 76,207,83 63 82,505,838 83 
"69 193,602,~4 86 5,013,385 93 ~72,29 80 92,017,269 92 

’72 1.~8,496 103 25.1 138 26,288.1 155 ’~o 226.o~6,sss ~ s,s~,oa3 t~ ~2o,ss2.3~ ~ ~,~o,4os 
"73 1,057,648 103 28.6 157 29,539.5 174 "~ 243.478,952 1o8 5,378,~7 1~ 137,399,6~ 114 1~,701,233 101 
"74 L~6,028 1~ 31.6 ]74 33,750.0 199 ’~2 259,593,276 115 5,666,980 105 1~,272,03 121 107,654,258 108 
’75 ’,L077.320 105 34.4 ~ 189 38.920.5 229 "~3 2~6.~,~aS t2~ S,4~334~ ~02 ~,0~0.~ ~ ~,7~0,~02 ~0~ 

’76 ’~1,086,230 1~ 37.1 2~ 42,959.8 253 ’~4 2~,4~,~oa ~a ~,a~a,4~ 99 16~,~9,6~ ~34 ~js6,6~o 

"77 1,095,053 107 400 ~    220 47,394.6 279 .~ 2~.34~,~4s ~2~ ~,45o,669 ~oi ~6,o35,3~ t46 ~,ss9.~s5 
’76 3~,698.312 137 5,469.302 101 1~,082.5~ 154 118,1~,429 !18 

"78 ~1~03,731 108 42~8 235 52,032.1 3~,, ’77 342,325,595 151 5,722,674 1~ 205,3~,~ 170 131,236,077 [31 

Note: S~fi~fic~ da~ of the ~i~ of Correction 
"Ts 361,261,270 160 5,896,439 1~ 220,362,5( 183 135,~2,329 ~35 

(excL p~fio~ expr~way)                                            ~ote: s~s~ ~aa of ~he ~uy of 
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On the other hand, for the identification of motor ve- by the Government (initial inspection) to obtain the 
hicles, the number and type must be embossed on the spection certificate. In the certificate, the effective period 
chassis mad engine, of two years in case of a passenger carrying motor vehicle 

and one year each in case of bus and truck is entered, 

Motor vehicle inspection system: respectively. 
In case such a motor vehicle is to be used continuously 

In order to ensure the safety of motor vehicles and after the effective period, the motor vehicle must be in- 
control pollution by motor vehicles, a motor vehicle in- spected by the Government or a maintenance and repair 
spection system is provided and all motor vehicles which shop designated by the Government (continuation in- 
run on the roads must have received such inspection and spection) and the effective period may be extended. The 
obtained a valid motor vehicle inspection certificate. In result of inspection will be judged on the basis of whether 
case of a new motor vehicle which has not yet obtained the motor vehicle meets the Safety Regulations for Road 
the inspection certificate, the vehicle must be inspected Vehicles and the related circular notices or not. 

Table 4. Changes in volume of traffic by transportation means. 
1. Cargo: 

Tonnage of domestic cargo transported (Unit: 1 mitlion tons) ] 
Ton-kilometers of domestic cargo transported 

Tramporlation sh~tre (%) 

i 
(Unit: 100 miLtion ton-kilometers) 

i 

vehicle~’ Total ~~: Total vehicles Total Railways railway .... Is airways I / 
Motor National Private Coastal Motor National Private Coastal Domestic 

Total 

1950 I 523 309 165 136 29 49 647 54 338 333 5 255 - 59 31 9 - 8 52 39 

’55 831 569 193 160 33 69 818 95 433 426 7 290 - 69 23 8 - 12 53 35 

’60 1,533 1,156 238 195 43 139 0.009 1,389 208 545 536 9 636 0.06 75 16 9 0 15 39 46 0 

’65 [ 2,626 2,193 253 200 53 180 0.033 1,864 484 574 564 9 806 0.21 83 10 7 0 26 31 43 0 

’70 5,259 4,626 256 199 57 377 0.116 3,506 1,359 634 624 10 t,512 0.74 88 5 7 0 39 18 43 0 

’72 5,876 5,203 239 182 57 434 0.167 3,892 1,536 596 586 10 1,759 1.16 88 4 8 0 39 15 46 

2, Pa~etagers: 

Domestic Dora~tic ’ :Passenger National i Private i Coastal / i J Passenger ~ National I Private Coastal 

’59 t8,985 5,937 1,281 4,813 6,856 96 0.83 2,213 392 88 1,142 561 26 4 38 62 22 78 

’68 36,107 11,529 8,214 6,868 9,336 152 8.44 4,812 953 1,036 1,848 889 35 51 55 45 42 58 

’70 40,606 11,812 12,22t 6,534 9,850 174 15.43 5,872 1,029 1,813 1,897 991 48 94 59 41 50 50 
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Type designation system: The Road Traffic Law, or 1960-Law No. 105, 
was enacted on June 25, 1960 and has been 

Tl~e type designation of motor vehicles is established revised 16 times up to the present. 
for motor vehicles manufactured in large quantity uni- 
formly. Manufacturers or importers of motor vehicles can This Law provides for traffic control by signals and 

apply for type designation of motor vehicles to the Min- road signs for the prevention of accidents and smooth 

ister for Transport by presenting necessary documents traffic on roads and at the same time stipulates the move- 

and the motor vehicles, ment of pedestrians and the traffic rules for motor vehicles 
The type designation will be made by determining such as maximum speed, overtaking zones, driving op- 

whether the subject motor vehicle meets the Safety Reg- eration, etc. 

ulations and whether motor ve~cles identical to the motor The Law also stipulates that a person who intends to 

vehicle for which application is being submitted can be drive a motor vehicle must obtain a driver’s license and 

manufactured, other matters to be observed by drivers in driving a motor 

The person who has obtained the type designation must, vehicle such as prohibition of drunken driving, etc. 

if he intends to manufacture and sell the type-designated 
motor vehicles, inspect the motor vehicles to determine The Air Pollution Control Law, or 1968-Law 
whether they meet the Safety Regulations and that their No. 97, was enacted on June 10, 1968 and has 
uniformity is secured (completion inspection) and issue been revised 6 times up to the present. 
the termination certificate of completion inspection. 

If, at the time of initial inspection, this termination The object of this Law is to reduce smoke emitted from 

certificate of completion inspection is presented, the Gov- industrial plants and harmful gas emitted from motor 

ernment will omit the enforcement of initial inspection vehicles to promote the public health. 

and issue a motor vehicle inspection certificate. Especially on motor vehicles, it is provided that the 
permissible limit of carbon monoxide, hydrocarbon and 
nitrogen oxides, etc. emitted from motor vehicles must 
be determined, that prefectures may measure the density 

Maintenance and repair system and mainte- 
of pollutants in the area where air pollution is conspicuous 

hence and repair business system: and may, where necessary, make a request or give opinion 

In order to ensure constant compliance with the Safety to the related organizations, etc. 

Regulations and prevent any decline in safety and use 
efficiency ofmotor vehicles, an operator ofa motor vehicle The Noise Control Law, or 1968-Law No. 98, 
is obliged to conduct a daily inspection before the oper- was enacted on June 10, 1968 and has been 
ation every day and the user of a motor vehicle is obliged revised 4 times up to the present. 
to make a periodical inspection and maintenance. 

Moreover, it is provided that according to the number The object of this Law is to reduce the noise emitted 

of motor vehicles possessed a maintenance and repair by plants or motor vehicles to protect the living environ- 

supervisor must be appointed and periodical maintenance ment. 

and repair of the motor vehicles be made with the tech- Especially on motor vehicles, it is stipulated that the 

nology and at the responsibility of such a maintenance permissible limit of noise made by motor vehicles must 

and repair supervisor. In addition, in order to improve be determined, that prefectures may measure noise in the 

the ability for maintenance and repair, a system of ability designated area and may, where necessary, make a request 

authorization tbr motor vehicle maintenance and repair or give opinion to the related organizations, etc. 

mechanics is also provided. 
In order to confirm that the disassembling repair of The Rationalization of Energy Consumption Act, 

motor vehicles by a motor vehicle disassembling repair or 1979-Law No. 49, was enacted on June 22, 
business meets the Safety Regulations and to promote the 1979. 
sound development of disassembling repair business, a 
system of authentication of business is effected based on The object of this Act is to save energy consumed by 

conditions to the minimum extent required for safety. On plants, buildings, machinery and equipment to utilize fuel 

the other hand, to rationalize the motor vehicle inspection resources as effectively as possible in view of the energy 
system and for the convenience of users of motor vehicles, situation in Japan where most energy resources must be 

a system is provided to make best use of the inspection imported. 

ability of private motor vehicle maintenance and repair As to motor vehicles, manufacturers and importers of 
businesses and to omit the periodical inspection by the motor vehicles designated by the cabinet order are obliged 

Government, if a motor vehicle has received an inspection to meet guidelines to improve and indicate the fuel effi- 

by a designated maintenance and repair business, ciency, etc. 
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(Reference) Implementation Organization for Road Ve~hicles Act of Ministry of Transport 

- Registry Division ...... General management of motor vehicle 

l registration. 

Central Motor .......... Registration service of motor vehicles by 
Vehicle Registration central computer processing system. 
Office 

- Inspection and ...... ’--- General management of motor vehicle 

Safety Transport inspection at land transport offices. 

Division 

Radioactive ............. Supervision of consignors and carriers 
Materials Safety concerning safety of motor vehicle 
Transport Office      transportation of radioactive materials, etc. 

- Engineering .............. Drafting of laws, ordinances and circular 

Division notices related to safety of road vehicles. 
~ Motor Vehicles Department -- 

of Road Transport Bureau Receipt of application, document examina- 
(headquarters in Kasumigaseki) tions and informing of approvals concerning 

type designation and type notification of 
motor vehicles. 

Ministry Inspection of manufacturers, etc. who are 

of -- granted type designation of motor vehicles. 

Transport 
Acceptance of report of recall concerning 
defective motor vehicles. 

- Environmental ......... Drafting of laws, ordinances and circular 

Pollution Control notices related to environmental pollution 
Division control and improvement of energy efficiency 

of road vehicles. 

Type approval of exhaust emission control 
devices and motor vehicle noise. 

- Motor Service .......... Permission of inspection and maintenance 
Division procedure of road vehicles. 

Supervision of maintenance and repair 
garages. 

Authorization of automobile repair mechanics. 

--Traffic Safety and Nuisance ~ Automobile Type ..... Carrying out type approval tests of motor 

Research Institute Approval Test vehicles at the request of the Engineering 

(office is located in Mitaka, Division Division. 
and proving ground located 
in Kumagaya) 

District Land Land Transport ........ Carrying out motor vehicle inspections for 

_ Transport Bureau Office individual vehicles. 

(10 bureaus in major (53 main offices and 

cities) 27 branches, 
Total 270 inspection lanes) 
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The Automobile Liability Security Act, or 1955- Moreover, the Act also provides for preventing injuries 

Law No. 97, was enacted on July 29, 1955 and by road damage and restricts passing roads for motor 

has been revised 11 times up to the present, vehicles exceeding a certain size. 
The Government authorities in charge of administering 

This Act obliges owners of motor vehicles to take out these acts and laws are as follows: 
automobile liability insurance against accidents resulting 
in injury or death through operation of motor vehicles~, 
in order to aid the victims of accidents by making drivers 
of motor vehicles which cause accidents indemnify the 
victims without fail Ministry of Transport __~                 Road Vehicles Act 

(Road Transport Bureau, and 
The Act also provides for a system whereby the Gov- Traffio Safety and Nuisance -- Automobile Liability Security Act 

ernment carries out the security business to aid the victims 
Research Institute) 

! I [ L._ Rationalization of Energy 
Ministry of International 

of accidents caused by hit-and-run or uninsured motor Trade and Industry       ~ , , Consumption Act 
(Machinery and Information 1 

vehicIes. Industries B ..... ) 

Environment Agency ii 

! ~ Air Pollution Control Law 
(Air Quality Bureau) I , Noise Control Law 

National Police Agency I 1 ~ Road Traffic Law The F~oad Act, or 1952-Law No. 180, was en- (~rafficB ..... ) 
acted on June 10, 1952 and has been revised Ministry of Construction 1 RoadAct 
29 times up to the present. 

(Road B ..... ) 

Note: ~ Under direct control 

This Act stipulates, in order to improve and complete ........ Interrelated it ..... ist 

the road networks, that the improvement of sidewalks, 
bicycle paths, street lighting, etc. as well as the extension Chart of competent administrative authorities of acts and 

of roads through new construction will be carried out. laws relating to motor vehicles. 
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Legal System of Japan on Motor Vehicles* 

The types of accidents in Japan have been similar to 
KAZU H IKO M O R ISA K I** those in European countries, but now there is a tendency 
KU N IO TAKAHASHI** toward the types prevailing in the United States. 

Next, according to the number of traffic accidents by 
roads, 69% of the total number of traffic accidents in 

Part 2: Motor Vehicle Safety Regulations 1979 occurred in urban areas and the remaining 31% 

occurred in non-urban areas. Moreover, even in urban 
.......... areas, most accidents occurred at intersections in cities, 

State of Motor Vehicle Accidents and in urban areas other than cities accidents at road 
sections (road sections excluding intersections, pedestrian 

The number of motor vehicles in Japan was more than crossings, tunnels, curves, etc.) atso increased as well as 
38 million as of the end of July, 1980. Incidental to tl~is those at intersections. 
figure, the number of persons possessing driver’s licenses In non-urban areas, accidents at non-intersected roads 
exceeded 41 million, and motor vehicles are now playing are much more common than those at intersections. The 
a very important role in society and our daily life. On number of accidents on expressways is smaller than those 
the other hand, with such an increase in the number of on national roads or other roads, but as to fatal accidents, 
motor vehicles, traffic accidents have also risen sharply, while one fatality occurs with every 59 accidents on or- 
but safety measures against traffic accidents have taken dinary roads, one fatality to 17 accidents occurs on ex- 
effect resulting in a decrease in the number of traffic pressways. Therefore, though fewer traffic accidents occur 
accidents which had reached a peak in 1969. Moreover, on expressways, traffic accidents on expressways result 
the number of fatalities also has been decreasing after in a high probability of a fatality. 
attaining a peak in 1970. However, even now the number Traffic accidents by passenger motor vehicles are in- 
of victims of traffic accidents exceeds 600,000 a year of creasing year by year reflecting an increase in the rate of 
whom 8,000 are fatalities. Over the past one or two years, passenger motor vehicles (Table 4). 
the decreasing trend has bottomed out, remaining on the However, due to the scale of damage at the time of 
same level (Table 1 and Fig. 1). Compared with traffic accidents or the number of fatal accidents per number of 
accidents in foreign countries, the number of accidents motor vehicles, accidents caused by trucks result in se- 
and fatalities had shown a decreasing trend for several rious injuries more often. Recently in Japan, fatal acci- 
years with the number of fatalities in 1976 standing in dents caused by large-sized trucks hitting bicyclists, 
fourth place after the United States, West Germany and pedestrians, etc. on their left front or left side in turning 
France. The number of fatalities per 100,000 persons was 
the lowest among 14 countries, the number of fatalities 
per 10,000 motor vehicles standing thirteenth among the 
14 countries (Table 2, Figs. 2 and 3). 

According to the number of fatalities by accident pat- 20 93~ 096 - 
terns in Japan in recent years, while "running weapon- o-’°’- 
type" accidents (accidents involving pedestrians, bicy- , . ........ _ ............ 

lSi 
/---t6765 clists and motorcyclists) indicate a slightly downward ] g , 

trend, the rate of "running coffm-type" accidents (acci- ,6 , - :-~.~--~-? ""-"" ’ -----. 80 
dents involving motor vehicle passengers) is rising, so that /’//-~ 
regarding the number of fatal accidents in 1979 the rates 14 -’r-.~ .......... 

of both were the same (Table 3). ,~ \\t~ lniured         70 
I ! \ "’~’- -o. 596281 Comparing the number of fatalities by types of acci- ~2 ................. 

--.~ ..................... 
o~-o- 60 

dents with those of foreign countries, we find that while 
in the United States the number of fatalities among motor ~ 0 _d ................... 50 
vehicle passengers is very large, the number of pedestrian 
fatalities is considerably larger in European countries .... 

,- 
---°---° 40 

especially in the United Kingdom and West Germany 
(Fig. 4). 

* Received 12th December, t980 l ,~ ~ t , ~ , 
**Engineering Division, 1966 "67 ’68 ’69 "70 ’71 ’72 ;}] ’74 ~75 ’76 ’77 ’78 ’79 
Motor Vehicles Department, 
Road Transport Bureau, 
Ministry of Transport, Figure 1. Change in number of fatalities and injured in traffic 
Tokyo accidents. 
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Table 1. Chronological change in number of traffic accident situations. 

Number of Number of Number of Population Number of Numbe~ of Number of Number of 

Year accidents fatalities injured 
(1,000 

fatalities injured fatalities injured 

(cases) (persons) (persons) persons) (per 10,000 motor vehicles) (per 100,000 population) 

1960 449,917 12,055 289,156 94,302 34.9 837.4 12.8 306.6 

1965 567,286 12,484 425,666 99,209 15.8 539.0 12.6 429.1 

1970 718,080 
i 

16,765 981,096 104,665 9.0 527.9 16.0 937.4 

1971 700,290 16,278 949,689 106,100 7.8 455.3 15.3 875.1 

1972 659,283 15,918 889,198 107 595 6.8 380.5 14.8 826.4 

~.._~.973 586,713 14,574 789,948 109 104 5.6 304.5 13.4 724.0 

....... ~9~_4__ .~ 
490,452 11,432 651,420 110,573 4.1 235.1 10.3 589.1 

1975 472,938 10,792 622,467 111,940 3.7 215.1 9.6 556.1 

1976 471,041 9,734 ~ 613,957 113,089 3.2 198.7 8.6 542.9 

1977 460,649 8,945 593,211 114,154 2.7 180.6 7.8 519.7 

_._ ~., 464,037 8,783 .L 594,116 115,174 2.5 169.7 7.6 515.8 

1979 471,573 8,466 J      596,282 116,130 2.3 160.3 7.3 513.6 

Note: Statistics issued by the Ministry of Transport, National Policy Agency and Prime Minister’s Office. 

Table 2. Change in number of fatalities by traffic accidents in major countries. 

~\~ Items        Number of fatalities                 Number of fatalities                 Number of fatalities 
in traffic accidents per 100,000 population per 10,000 motor vehicles 

C~u~" ~tries~~.~ 

1975.~ 1976 i 1977119781, 

1975 1976 1977 1978 1975 1976 1977 1978 

Ca,-xa da 6,061 5,307 - i - - 22.0 - - - 4.6 - - 

U.S.Ao - 
~___ 22.6 

21.6 - - 3.5 3.5 - - 

WestC.ermany 14,870 14,820 14,978 ~ 14,662 , - 23.6 24.4 23.9 - 6.9 7.0 6.8 

-~r~ ............. ] ~,~ 24.9 25.5 24.3 - 7.6 7.0 6.7 - 

Italy - 15.7 14.5 14.0 - 5.5 5.0 4.9 

_.L_~:.t:~. ............. _6_ ,61~ - 13.4 13.5 13.9 - 4.1 4.1 4.2 

The Nether- 
lands 2,321 , 2,432 2,583 2,294 [ - 17.4 18.5 16.5 - 5.8 6.1 5.5 

Denmark 827 857 828 849 16.8 16.2 16.6 - 5.2 5.0 5.1 

Belgium 2,346 2,988. 2,522 2,589 25.3 25.6 26.3 8.2 7.9 8.0 8.2 

Norway 539 471 4421 434 14.5 11.6 10.9 10.7 5.1 3.7 3.5 3.4 

Sweden 1 172 1.168 1031 1,034 , - 14.1 12.5 12.5 - 3,8 3.4 3.4 

S~Stzerland . 1,243 _ 1_,_!~88~ 1,302; 1,268 ~ 19.7 18.7 20.5 20.0 - 5.7 6.2 6.1 

~apan 92 8.6 7.8 7.6 3.7 3.2 2.7 2.5 

Note: Data of United Nations Economic Commission for Europe and U.N. Statistical Yearbook. 

left at inter~ections (in Japan, motor vehicles drive on statistics by the National Police Agency every year, and 
left) have occurred in succession and have become a se- are considered to be the most authoritative in Japan. In 
rious social problem, addition, various investigations are carded out to inves- 

For the purpose of preventing traffic accidents, first of tigate actual situations of traffe accidents scientifically, 
all we must analyze the circumstances of accidents thor- and for the purpose of ensuring the safety of motor ve- 
oughly. Whenever a traffic accident occurs, traffic po- hicles by examining and analyzing actual accident situ- 
licemen rush to the scene, administer first-aid to the ations, the Ministry of Transport has been studying in 
injured and investigate the situation and cause of the detail several dozen of cases every year since 1973, to 

accident. The results of such investigation are collected determine the relation between the constructions of motor 
by each prefecture and issued in the form of accident vehicles and physical injuries. 
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,: ~ ~ ~ ~ ~ ~ ~ ~ , ~ , , Safety Measures in Fields Other Than 
1966 ’67 ’68 ’69 ’70 ’71 ’72 ’73 ’74 ’75 ’76 ’77 ’78 Motor Vehicles 

Most of these traffic accidents are caused by intricately 

Figure 2. Change in number of fatalities by traffic accidents involved factors of drivers, pedestrians, motor vehicles, 

in major countries, road environment, etc. Therefore, for ensuring traffic 
safety, three factors, i.e., the improvement of all environ- 
ments surrounding motor vehicles (countermeasures 
taken from the side of environment), elevation of safety 
consciousness of people such as drivers, passengers and 

Table 3. Situation of fatal accidents classified by accident patterns. 

Year 1975 1976 1977 1978 1979 

Number Number Number NumberI Number 

Accident pattern of fatal    Per- of fatal    Per- of fatal Per- of fatal    Per- of fatal i Per- 

accidents cmat~e accidents eont~e accidents e~nt~e accidents centare accidents centage 

(ea~)    (%)    (~) (%)    (ea~’s) (%)    (eases)    (%)    Ceases) ++(%) 

Running Man vs. motor 
4,632 45.6 4,050 44.0 3,834 45.2 3,770 ] 45.4 3,722 46.2 

weapon- vehicle 
I i: 

type Bicycle vs. 
accident ] motor vehicle 

Running Motor vehicle 

coffin vs. motorvehiele    5,055 49.7 
4,654 50.6 4,330 51.1 4,251 i 51.2 4,094 50.9 

type Motor vehicle 
accident itself 

Railroad crossing accidents 395 3.9 302 3.3 270 3.1 244 2.9 190 2.4 

Others 83 0.8 190 2.1 53 0.6 46 0.5 42 
~ 0.5 

Total 10,165 100.0 9,196 100.0 8,487 100.0 8,311 100.0 8,048 ~100.0 

Note: Statistics of National Polie~ A~ney 
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The total length of roads in Japan was 1,103,731 kil- 

l 719 l~i~f| ometers in 1978 (including 2,195 kilometers of express- 
us 

ways) paving rate of which is approx. 40%. Compared 

I z0, ~i~I 17~ ~ with foreign countries, the road extension per motor ve- 
Canadc~ , 975~ ~ql:.,z l hicle and the road extension per area in Japan are better 

~,a~ce 1,976i 5~3 [-.: ~1 0.::4~] 18, [ than those in foreign countries, but if we consider the 

I:, ~ ..-,.-; ,-t,,~ , .! quality of roads such as expressway networks, paving rate, 

Wes~ Oe,mo~v [ 

i’"i’~"~ :’~.~i] ~,i01..] 

width and their visibility, they are not always better. 

I] 977~ 50. S , ,- : ;, AS for the nation’s road improvement program we have 

T~e ~e, he~ood~ ! I:. .... .:~’.~////;~ . the 8th Five-Year Road Improvement Program (term: 

lgzz~ [ 
491 1!!.~o:i.~,~’,~;~,~1 )491.I 1978-1982; total budget: ~28,500 billion), which places 

importance on the establishment of a road network system 
ttolv ~lgZZ 475 l’.’:’9.S:’’I81]-23.3 ] such as national highways, malnlocalroads, improvement 

Table 4. Situation of traffic accidents classified by parties 

J~pQn ,,977, [ 372 [! 1~4’:’~1~/!/~"’ :331 ’.i~. concerned causing accidents (1979). 

~ Classification     Number of     Percentage 

~Aotor Persons Persons Others Pedestrians 
veh cJe riding on riding on %} Passenger motor vehicles 

passengers two- I ~ bicycles Bases 3,646 0.8 

mo~o~ Micro-buses 1,159 0.2 
veh ¢les Ordinary 236,741 50.2 

Light 15,659 3.3 
Figure 4. Breakdown of fatalities by traffic accidents in major Sub-total 257,2O5 54.5 

countries.                                                  T~cks 

Special latge-~ized 6,9?? 1.5 
Large-sized 6,355 1.3 

pedest~s (countermeasures taken from the human side) Trailers 765 0.2 

and improvement of safety equipment of motor vehicles Ordinary 71,533 15.2 

(safety m~ures of motor vehicles) must be combined. 
Light-vans 25,687 5.5 
Three-wheelers 71 0.0 
Light 23,449 5.0 

Improvement of environment: 
Light-vans 3,019 0.6 
Light three-wheelers 5 

Sub-total 137,861 29.3 
As one of tba’ee factors of motor vehicle accidents, there Special motor vehicles 

is the "environment" surrounding motor vehicles. The Large-sized 223 0.0 
env~onment relating to motor vehicle accidents may be Small-sized 22? 0.0 

divided into road environment, traffic environment, en- Agriculturalvehicles 173 0.0 

vironment along roads, natural environment, etc. The Sub-total 623 0.0 

road environment consists of roads themselves such as Two-wheeled motor vehicles 
Small-sized 7,263 1.5 

expressways, ordinary roads, intersections, median strips Light 2,190 0.5 
and road pavements, and safety facilities such as signals, 2nd class’motor-driven 

6,477 1.4 
traffic signs, road lighting, pedestriaa-i crossing bridges, cycles 

guard rails, etc. The traffic environment consists of the Sub-total 15,930 3.4 

state Of traffic such as mixed traffic of motor vehicles and 
Total of motor vehicles 411,619 87.2 

pedestrians, number of p~lestrians, volume of traffic, 
1st motor-driven cycles 27,059 5.7 

Total of motor vehicles 
traffic congestion, etc., and traffic regulations such as and motor-driven cycles 

438,678 92.9 

SF~ limit, prohibition of parking and stopping, tem- Bicycles 14,427 3.1 
porary stopping, prohibition of overtaking, prohibition of Other vehicles 

turnhng to left or right, one-way passing, etc. As for the Street cars 42 0.0 
Trains                              4          0.0 environment along roads, they include urban areas, res- 
Light vehicles other 

33 0.0 idential areas, commercial areas, fields, mountainous re- than bicycles 

gions, visibility for drivers, state of lighting around roads, Sub-total 79 0.0 

etc. Further, concerning natural environment, weather Pedestrians 15,321 3.3 

conditions such as rain, snow, fog, wind, etc. are included, Unknown 3,141 0.7 

and the effect given by the natural environment will be Overlapped data 73 - 

alSO ~t. Total 471,573 100.0 
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and completion of national expressways, main roads drive. Driving should be performe~l-by combining these 

around cities, etc. If this program is successfully imple- factors organically, As indirect causes of accidents, 50% 

mented, national expressways will be extended to 3,490 are due to delay in recognition, 40% to mistake in judg- 
kilometers and expressways around cities to 1.5 times the ment, 5% to mistake in operation and 5% to other causes. 
present length. In parallel with the above program, the Behind these causes, there are mental factors such as 
Five-Year Traffic Safety Facility Improvement Program character of drivers themselves, mentality, frustration, 
(1976-1980; total budget gl,361 billion)is also in progress worry, etc. and physical factors such as fatigue, disease, 
for the improvement of sidewalks, construction of bicycle poor vision, etc. Thus, the true causes of accidents are 
paths, installation of road lights, traffic signals and traffic deeply rooted in man’s own mental and physical nature 
signs and establishment of traffic control centers. By these    and are intricately connected to one another. Therefore, 
programs, the expansion and completion of roads and as long as many accidents are caused by human factors 
safety facilities will be realized and such improvements and the person behind the wheel of a motor vehicle is a 
of the road environment, especially separation of side- human being, countermeasures against human beings will 
walks from roadways, conversion of railroad crossings to be required. 
flyovers, etc. are expected to significantly reduce the num- As of 1979, the number of persons who possessed driv- 

.... ber of eases of man vs. motor vehicle accidents, and er’s licenses was 41,042,876, which is 35% of the total 
railroad crossing accidents (Table 5). population, or at a rate of one out of three persons. 

Therefore, education on safety for drivers who cause most 
accidents will be important from the viewpoint of accident 

Countermeasures from human side: prevention. As the main forms of education on safety 
presently carried out, there are training at designated 

........ Accidents occur when any of three factors, environ- driving schools at the time of obtaining one’s driver’s 

ment, man and motor vehicle, becomes unstable or un- license, instruction on acts and laws given while a national 

balanced. The most unstable factor among these three is traffic safety campaign is being carried out, safe driving 

"man". People’s mental and physical performance levels instruction given to traffic law violators and various in- 

are constantly fluctuating, and consequently the "unstable structional activities given by local public entities and the 

nature of man" is considered to be the most common private sector. On the other hand, instruction on traffic 

cause of accident. Of all accidents, accidents caused by safety and operation control in working places are con- 

drivers account for 97%, accidents by pedestrians are 3% ducted under two representative systems such as the safe 

and accidents due to defect or incomplete repair of motor driving supervisor system and operation supervisor sys- 

vehicle 0.1%, respectively. It is said that most accidents tem. Under the safe driving supervisor system, "users of 
are caused by drivers. As direct causes of accidents, we motor vehicles shall, in order to cause necessary business 

can cite violation of speed limits, uncertain handling of to be conducted for the safe operation of motor vehicles, 
.... the steering wheel, failure to keep an adequate following appoint a safe operation supervisor at each place of busi- 

distance, uncertain operation of brakes, etc. When driving ness using five or more motor vehicles and notify the 

motor vehicles, it is necessary for drivers to recognize at Public Safety Committee of each prefecture related to 

first such information as roads and traffic conditions, etc. such supervisor." The safe operation supervisor will pre- 

and then make judgment accordingly, before starting to pare an operational plan and prevent any overwork and 

Table 5. improvement of traffic safety facilities. 

assifi-                                        I 

~ on Bicycle crossing Underground Road Pedestrian 
Sidewalks paths bridges crossings lighting Signals crossings 

Year 
~ 

(km) (km) L (places) (places) 

1967 5,590 - ’~    680 160 ] 190,150 I 10,067 77,643 

..........1968 12,990 ~,, _ 
÷i ....... 2,725 ~- .......... 265 _~ ......................... 290,419 13,441 

÷ 
94,956 

...... i-9~ .................... -1-6-, 6-2~-- --- S .................................. ’- 4,190 ................. 307 ’ 340,137 

1970 21,794 - 5.090 388 __’~ 387,000 
........ -i~i ...... --~39-6 ................. ~-- q~i9Y- - ......... 51865 ? ..... 4-~ ..... 7---~ 433,968 ~__ 23,290 134,176 

1972 28,656 3,297 6,666 601 484,000 29,396     194,536 
-- q-97~ ............... 35,362 4,967 ............. 7,216 .... 838 581,909 ---- -3 g,~4~ ............... ~3~,6iI 

1974 39,008 : 7,609 7,630 997 707,458 ’, 46,824     280,350 

- 1975 ........... -4~,-73-8 ........ 10,558 ......... 7,984 - ........ ii~i0 .......................... 83----3,287 
---i976 ..................... 4~00 " -14,800 8,389 ....... 1,248 -" .......................................................... 873,245 ~ 63,846 ~ 342,842 ............ 

1977 46,753 17,385 8,562 1,358 931,281    __~ 71,728 379,604 

1979 50,494 26,121 8,930 1,52t i 1,069,069 i 87,081 463,984 
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secure safe operation in unusual weather conditions. On (7) Maximum stable inclination angle; 
the other hand, under the operation supervisor system, (8) Minimum turning radius; and 
"motor vehicle transportation business entities shall, in (9) Road-contact point and its pressure. 
order to secure the operation of motor vehicles for busi- 
ness purpose to be disposed of, appoint a qualified op- 
eration supervisor at each place of business". The duties 
of the operation supervisor are to carry out preparation Article 41 (Systems and Devices of Motor 
of a work schedule, calling of roll, guidance and super- Vehicles) 
vision of drivers, etc. 

No motor vehicle shall be licensed for oper- 
ation unless it conforms to the technical safety 

Present Situation of Safety Regulations for requirements to be specified by the Ministry 

Motor Vehicles of Transport Ordinance, concerning the sys- 
tems and devices enumerated in each of the 
following Items: 

(1) Safety regulations for road vehicles: (1) Prime mover (engine) and power train system; 
Under the Road Vehicles Act, technical safety require- 

(2) Running system, such as wheel and axle, sled, 
ments are specified in the Ministry of Transport Ordi- etc.; 
nance on constructions and systems of motor vehicles, 

(3) Control system; 
riding capacity and maximum loading capacity in order 

(4) Braking system; 
to secure the safety of motor vehicles (refer to Articles 

(5) Buffer system, such as spring, etc.; 
40 to 42 of the Act). In addition to those for motor 

(6) Fuel system and electric system; 
vehicles, technical safety requirements for motor-driven 

(7) Frame and body; 
cycles and light vehicles are also specified in the Ordi- 

(8) Coupling device; 
nance. 

(9) Riding accommodation and goods-loading ac- 
commodation; 

(10) Window glasses, such as windshields, etc.; 

(11) Noise control device, such as silencer, etc.; 
(12) Emission control device; 

Road Vehicles Act (extracts) 
(13) Lighting system and reflector, such as head- 

lamp, number plate lamp, tail lamp, stop 
lamp, clearance lamp, etc.; 

CHAPTER Ill SAFETY REGULATIONS FOR (14) Warning device, such as horn, etc.; 
ROAD VEHICLES (15) Indication device, such as direction indicator, 

etc.; 

Article 40 (Constructions of Motor Vehicles) (16) Visibility ensuring device, such as rear-view 
mirror, windshield wiper, etc.; 

No motor vehicle shall be licensed for oper- (17) Meter, such as speedometer, odometer, etc.; 

ation unless its constructions conform to the (18) Fire-prevention device, such as fire extin- 

technical safety requirements to be specified guisher, etc.; 

by the Ministry of Transport Ordinance as to (19) Pressure container and accessories thereof; 

the matters enumerated in each of the follow- and 

ing Items: (20) Other especially necessary systems and devices 

(!) Length, width and height; of motor vehicles specified by the Cabinet 

(2) Minimun-I ground clearance; Order. 

(3) Gross vehicle weight (referring to the total 
amount of vehicle weight, maximum loading 
capacity and the weight obtained by multi- 
plying riding capacity with 55 kg); Article 42 (Riding Capacity or Maximum 

(4) Load onto the wheel; Loading Capacity) 
(5) The rate of the load onto the wheel and the 

vehicle weight (referring to the weight of mo- No motor vehicle shall be licensed for oper- 

tot vehicle of the state with necessary equip- ation unless it conforms to the technical safety 

ments for operation); requirements to be specified by the Ministry 

(6) The rate of the load onto the wheel and the of Transport Ordinance as to the riding ca- 

gross vehicle weight; pacity or maximum loading capacity. 
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Table 6. Outline of safety regulations. 

Items Article Outline of regulations Items Article Outline of regulations 

Definition 1 Definition of technical term Pedestrian protec- 18-2 Equipping of side guard on or- 

Length, width, and 2 Not exceeding 12 (length) × 
tion, side guard etc. dinary trucks and ordinary mo- 

height 2.5 (width) × 3.8 (height) m 
tor vehicles with gross vehicle 

250 mm or tess outward from 
weight of 8 tons or more (ex- 

the fight and left sides 
cept buses) 

300 mm or tess upward 
Equipping of rear under-fide 

3        Minimum ground clearance                                                     bumper on ordinary trucks 

Gross vehicle 4 Gross vehicle weight: Not ex- Coupling device 19 Coupling device for tractor and 

weight ceeding 20 tons 
trailer 

Axle weight and 4-2 Axle weight: Not exceeding 10 
Riding aceommoda- 20 Safe boarding must be secured. 

wheel weight tons 
tion Absorption of impact by instru- 

Wheel weight: Not exceeding 5 
ment panel in case of collision 

tons Driver’s seat 21 Control of motor vehicle shall 

Stability 5 Total weight rate imposed on not be obstructed. 
Driver’s field of vision shall be 

the steering tire: 20% or more. 
Maximum stable inclination 

secured 

angle: 35* or more Seat 22 400 mm or more in depth and 

Minimum turning 6 t2m or less width (spare seat, etc.: 250 × 

300 mm or more) (child’s seat: 
radius 

230 × 270 mm or more). 
Road contact pres- 7 Tire: Not exceeding 150 kg/cm Space between seats: 200 mm 
sure Caterpillars: Not exceeding 3 or more (child’s seat: 150 mm). 

kg/em~ Absorption of impact by seat- 

Engine and power 8 Starting can be done by the back in case of collision 

train system driver in his seat Seat belt 22-3 Driver’s seat and other front 

Running system 9 Provisions of tire load rate seat of passenger motor vehi- 
cles, small-sized and light 

Control system 10 To be located within 500 mm trucks: lap and shoulder seat 
from the center of the steering 

belt. 
wheel, indication for control Rear seats of the above: lap 
devices, 

seat belt. 
11 Equipping of impact absorption Driver’s seat and other front 

steering wheel on passenger 
seat of ordinary trucks: lap seat 

motor vehicles belt. 
Locking device 11-2 Locking device Performance of seat belt an- 

Braking system t2 Equipping of at least two sepa- chorages 

rate braking systems. Head restraint 22-4 Driver’s seat and another front 
Stopping distance for service seat of passenger motor vehi- 
brake system: cles, small-sized and light 
Max. Initial Stopping trucks (4 seats in case of taxi- 
sl~l speed aistanee 

cab). 
80 km/h 50 km/h 22ra or less 
35-80 35 14m or less Performance of head protection 

20-35 20 5m or less in case of collision 

Less Max. 5m or less Aisle 23 Bus: (width) 3~ mm or 
than 20 speed 

more 
Operating force: 90 kg or less. (height) 1,600 mm or 
Dual safety brake systems, 

more 
Brake-fluid leakage warning de- 
vices. Standing space 24 Area for one person: 0.14 m2 

Pnenmatie pressure warning de- Entrance 25 Bus: 1 or more entrances on 
vices (motor vehicle using the left side; 
pneumatic brake system). (width) 600 nun or more 

13 Braking system for tractors and (height) 1,600 rtma or more 
trailers (~eight of one step) 

Buffer system 14 Spring, etc.: performance of ira- 4~ mm or less with anti-slip- 

pact absorption ping devices 

Fuel system 15 The filler, etc. must be located Emergency exit 26 Bus: On the fight side or rear 

300 mm or more apart from (width) 400 mm or 

open part of exhaust pipe and more 

200 nun or more apart from (height) 1,200 ram or 

exposed electric terminal. The more 

filler, etc. must not open inside Good-loading 27 Loading accommodation of 
passenger compartment, accommodation dump truck must be designed 

t6 Fuel system for producer gas. so that it prohibits overloading 
17 Provision on LPG-fueled motor 

High-pressure gas 28 Requirement for pressure con- 
vehicles 

transport device tainer and piping 

Electric system 17-2 Secure mounting of wiring, in- Window glass 29 Windshield glass: Safety glass, 
sulation of terminal, etc. 

ensuring driver’s visibility in 
Body 18 External shape must have no case of damage 

sharp protrusion. Rear body Side and rear glasses: Safety 
overhang must be ~ or less of glass 
wheelbase. ~ in ease of passen- 

Noise control de- 30 Steady running noise and sta- 
ger motor vehicles, etc. and vice tionary noise must be 85 dB or 
in case of small-sized motor re- 

less, 
hicles) 
Indication of school bus 
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Items Article Outline of regulations Items Article Outline of regulations 

Trucks and buses: Tail lamp 37 On each side at the rear; visible 

Steady at night at a distance of 300 m 

rnnning Accel- to the rear 

noise and crated Color: red 

stationary running Mounting height: 2 m or less 

noise noise above the ground ..... 

Gross vehicle weight exceed- Parking !amp 37-2 On each side at the front and 
ing 3.5 tons and engine the rear; visible at night at a 
power exceeding 200 PS. distance of 150 m to the front 

80 dB    86 dB rear. Requirement of the lamp 
Gross vehicle weight exceed- is identical with clearance tamp 
ing 3.5 tons and engine or tail lamp 
power not exceeding 200 

78 dB    86 dB 
Rear reflector 38 To be equipped at the rear. 

Size: Area covering a 30 mm 
Gross vehicle weight not ex- 

diameter circle, visible at night 
ceeding 3.5 tons 

at a distance of 150 m to the 
74 dB 81 dB 

Passenger motor vehicles: 
Color: red 

70 dB    81 dB 
Mounting height: 1.5 m or less 

Two-wheeled motor vehicles: 
above the ground 

74 dB 78 dB 
Stop lamp 39 To be equipped at the rear, vis- 

ible in the daytime at a dis- 

~ ~ ~r~, tance of 100 m to the rear. 

~ ~ 
~ ~ Color: red 

~,~. ~,~ Mounting height: 2 m or less 
~*o~ ~ ~ ~ above the ground 

~, ~ Back-up lamp 40 Intensity: 5,000 candle power 
or less. 

Color: white or light yel!ow. 
Mounting height: 1.2 m or less 
above the ground. 
Main beam must be directed 
downward and not strike 75 ra 

All vehicles: rearward or more ,,, 
CO, 4.5% or less (idling) Direction indicator 41 One each on the left and the 
HC, 1200 ppm or less right; visible in the daytime at 
(idling) a distance of I00 m to the 
Equipping of blow-by gas front and rear. 
ventilation devices To be equipped on each side of 
Equipping of devices prevent- the rear. 
ing evaporative emissions Size: 
(gasoline-fueled motor vehi- Motor vehicles with length of 
cle) 6 m or more: 40 cm~ or 
Restriction of diesel smoke more. 

H~d~mp 32 A headlamp must be equipped Motorcycles: 7 cm~ or more. 

on each side at the front of the Others: 20 cm2 or more. 

motor vehicle and be capable of Color: amber. 

discerning an obstacle at a dis- Mounting height: 2.3 m or less 

ta~ce of 100 m forward at above the ground. 

nighL To be equipped on both sides 

The intensity can be dimmed of the central part of body for 

or the direction of beam can be large-sized trucks, etc. 

dipped. Additional direc- 41-2 May be equipped 
The main beam must be di- tion indicator 
rected downward. 
Mounting height: 1.2 m or less Hazard warning 41-3 To be designed to actuate all of 

above the ground lamp lamps simultaneously. 
Color: amber. C~3tor of light: white or light 
Mounting height: 2.3 m or less yellow 
above the ground 

Au~iary headiamp 33 Intensity: 10,000 candle power 

or less Other lights 42 Restriction of light, etc. 

Main beam must be directed Horn 43 Sound level: 115-90 dB at a 
downward, distance of 2 m to the front. 

Clearance lamp           34       To be equipped on both sides                                                 Continuously emit sound whose 

at the front. Clearly visible at 
leve! aad tone are constant 

night at a distance of 300 m Emergency signal 43-2 Visible at night at a distance of 

from the front, equipment 200 m; red color 
Color: white, light yellow or 

Warning reflector 43-3 Visible at night at a distance of 
amber 
Mounting height: 2 m or less 

150 m; red triangle 

above the ground Emergency stop in- 43-4 Reflected light is visible at 

dication device night at a distance of 150 m; 
Front reflector 35 To be equipped on trailers red color. 

Side marker ~p 35-2 To be equipped on large-sized Fluorescent light is visible in 

and side reflector tr~acLs and trailers the daytime at a distance of 

Number plate lamp 36 Number plate must be visible 
200 m; red triangle 

at night at a distance of 20 m Rear-view mirror 44 The driver is able to recognize 

to the rear clearly traffic conditions of 

Color: white other vehicles at right and left 
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Items Article Outline of regulations as safety standards are included from the viewpoint of 
sides, straight backwards up to public welfare, details of which will be stated in the next 
50 m; structure unlikely to give 

excessive impact, installment. The Safety Regulatior~s were amended 46 
Large-sized motor vehicles: times up to the end of 1980 since their establishment in 
within 0.3 m from the front 
and left side is recognizable. 1951, and the outline of main amendments relating to the 
Cab-over type large-sized motor Safety Regulations is set forth in Table 7. 
vehicles: within 2 m from the 
front and 3 m from left side is These amendments to the Safety Regulations were 

recognizable made to strengthen the safety of motor vehicles directly 
w~udshield wiper 45 To be equipped on the wi~d- corresponding to changes in traffic environments of motor 
Windshield washing shield 
system vehicles such as increase of traffic accidents, changes of 

...... Defroster Reduction of impact on sun- situation of traffic accidents, sharp increase in the number 
~or of motor vehicles in use, congested traffic conditions, 

Speedometer 46 Indication error: + 15 ~ -- 10% 
(at 35 kin/h)                  extension of expressways, etc. 
Vibration of pointers: -+ 3 km/h 

or less (at 35 km/h) 
Indication and warning devices 
over speed limit 

...... Fire extinguisher 47 To be installed on bus, child- 
carrying motor vehicles, motor 
vehicles carrying dangerous ar- Main amendments to the safety regulations 
titles, r~=en, for extin- made recently: 
guishers 

Pressure container 48 Requirement for pressure con- 
and accessories tainers 

Tachograph 48-2 To be equipped on large-sized 
trucks, etc. Requirements for In September, 1972, the first program plan for future 
structures 

Speed indication 48-3 To be equipped on large-sized motor vehicle safety under the title "Technical Measures 
device trucks, etc. Requirements for for Safety of Motor Vehicles" was presented as a rec- 

structures                      ommendation by the Council for Transport TeclwJcs, an 
Riding capacity or 53 Maximum capacity to be se- 
maximum loading cured to ~de or load advisory organ of the Ministry of Transport, and under 
capacity this program, amendments to the Safety Regulations were 

..... Others 54~58-2 Exceptions, etc. made in 1973 and 1974, respectively. The recommenda- 
tion stated that strengthening of safety regulations for 
motor vehicles must be enforced synthetically and sys- 
tematically. The programs to expand and strengthen 
Safety Regulations for motor vehicles for five years cat- 
egorized on 63 items including measures to prevent ac- 
cidents, measures to reduce injuries and measures to 

The Ministerial Ordinance comprises the Safety Reg- prevent fires (Table 8). Under tl~e recommendation, in 
ulations for Road Vehicles (Ministry of Transport Or- July 1973, the saf~ety requirements for 20 items such as 
dinance No. 67 of 1951) providing for the minimum strengthening of regulations on lightingapparatus for the 

requirements for constructions, devices and performance prevention of head-on or rear-end collisions as well as 
of motor vehicles as measures for avoiding accidents expansion of scope of motor vehicles equipped with dual 
caused by constructions and devices of motor vehicles, safety braking systems were determined. In November 
damage-reducing measures for minimizing injury to pas- 1974, as countermeasures for preventing accidents, the 
sengers as far as possible in case of accidents and fire installation of defrosters became obligatory, and instal- 
prevention measures. (Table 6: Outline of safety regula- lation of mirrors on large-sized motor vehicles to improve 
tions.) side visibility, installation of side lights or side reflectors 

These Safety Regulations are not only standards to be on both sides of large-sized trucks, etc., installation of 
applied at the time of designing and manufacturing motor warning devices for drivers in case of trouble of service 
vehicles, but also standards for the daily maintenance of brake system, improvement of quality of brake-fluid, etc. 
motor vehicles by the users. If any motor vehicle fails to became statutory respectively. Moreover, as countermen- 
meet these regulations, it shall be prohibited to operate sures to reduce injuries among passengers, the regulations 
such motor vehicle as it may endanger the traffic. Fur- wre strengthened by providing for improvement of 
thermore, the actual manner of the test and interpretation strength of seats and seat anchorages, increase in r~umber 
of provisions in detail in applying the respective provisions of seats with seat belts, installation of lap and shoulder 
of the Safety Regulations are published by the Ministry seat belts on the front seats and to prevent fire, the preo 
of Transport in circular notices. In the provisions of the vention of fuel leakage at the time of head-on collision 
Safety Regulations, the pollution control standards as well in order to avoid damage to fuel tanks and fuel pipings~ 
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Table 7. Table of main amendments to safety regulations for road vehicles (relating to safety). 

Date of amendment                                    Matters amended 

Apr. I I, 1953        Requirements of electrical equipment, requirements for tires, prohibition of exhaust pipe 
in inside compartment, equipping of number plate lamp (motor-driven cycles), etc. 

Sept. 17, 1955 Restrictions on axle weight and wheel weight, restriction on spare seats, equipping of 
speedometer (motor-driven cycles). 

Dec. 27, 1956 Use of safety glass, prohibition of irregular flashers. 

Sept. 25, 1958 Provisions on maximum riding capacity of two-wheeled motor vehicles. 

Sept. 15, 1959 Prohibition of protrusions, regulations on parking brake of trailers, regulations on rear 
over-hang constructions of microbus, child-carrying motor vehicles and one-man bus, 
fire prevention regulations of motor vehicles carrying gunpowders, etc., safety require- 
ments of pole-trailers. 

Feb. I, 1960 Restriction on color of light, improvement of performance of headlamp, restriction on 
auxiliary headlamp, equipping of rear reflector, mirrors to confirm front of bus, improve- 
ment of safety of light three-wheeled vehicles, prevention of fire of motor vehicles carry- 
hag dangerous articles. 

Sept. 28, 1962 Independent brakes of trailers, equipping of rear-view mirrors on both sides, prohibition 

of using two-door ear for taxi-cab, requirements for conductor’s seat of bus. 

Oct. I, 1963 Constructions of LPG-fueled vehicles, strengthening of restrictions on motor-driven 
cycles (stop lamp, rear-view mirror, number plate lamp, direction indicator, etc.), per- 
formance of headlamp of special-purpose motor vehiclesl lamp of motor vehicles for 
road maintenance works. 

Sept. 5, 1964 Simplifying and cla~ying lamps such as direction indicators and prohibition of use 

of confusing lamps. 

May 16,1967 Obligation to attach tachograph to large-sized motor vehicles. 

Aug~ 1, 1967 Obligation to attach dual safety brake systems, rear and side guards and speed indicating 
devices to large-sized motor vehicles. 

July 41 ’1968 Regulations of 4 items such as under-mirror (large-sized trucks, etc.), side direction indi- 
cator, etc. as safety measures for pedestrians, 6 items such as mounting position of taft 
lamp, hazard warning lamp, parking lamp, etc. as measures to prevent accidents, and 
two items such as seat belts, head restraints, etc. as measures for reducing injuries in 
collision. 

June 12, 1969 Warning devices of air brake, indication of school bus, partially tempered glass, fire 
extinguLcher. 

D~c. 14, 1970 Improvement of performance of tires, trailer brakes, washer, etc. as measures for higher 
speed, improvement of performance of parkLng brake and horn as measures to prevent 
accidents, requirements for locking devices, defroster of one-man bus, fixing of LPG 
container, prevention of radio interference. 

Mar. 31, 1972 Impact absorption of steering wheel, relaxation of lirrdtation on height (3.5 m to 3.8 m). 

Apr. 28, 1973 Technical standards for warning reflector. 

July 6, 1973 10 items such as improvement of field of view, improvement of visibility of lamps, im- 
provement of performance of braking system, indication of control device, etc. as mea- 

sures to avoid accidents, 5 items such as increased use of seat belts and head restraints, 
use of safety glass, measures for protecting pedestrians as measures to reduce injuries, 
5 items such as equipping of locking devices, prevention of overloading of dump trucks, 
safety measures for motor-driven cycles as salety measures; 20 items in total. 

Nov. 21, 1974 Improvement of field of view to the left side, equipping of side marker lamp or side 
reflector, warning devices of service brake system and speed warning devices and indi- 
cators, door retention system, improvement of strength of seats and s~at anchorages, 
stricter regulations on Rat belts, absorption of impact from seatback and instrument 
panel, prevention of fuel leakage in collision. 

MaY 7~ i976 Equipping of rear bumpers to motor vehicles, etc. eq~pped with gas-transporting con- 
tainer. 

Nov. 27, 1978 Technical standards, etc. for emergency stop indication device. 

Mar. 15, 1979 Safety measures for preventing accidents from left-turning larl~e-sized trucks. 
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Table 8. First program plan for future motor vehicle safety fatal accidents. Therefore, we will have to make greater 
regulations. (September, 1972) efforts to reduce accidents further. For that purpose, in 

consideration of the occurrence of traffc accidents, sit- (l). Measures to prevent accidents: 34 items 
rigid of vision 7 items uation of motor vehicle use, preservation of the environ- 

Visibility 5 items merit, resources and energy problems, and international 
Anti-glare 3 items trends, the second program plan for future motor vehicle 
Controllability mad stability 1 item safety standards was established. The plan recommended 
T’~es 3 items 
Brakes 7 items strengthening the existing regulations under a long-term 
W~raing devices 4 items plan and consists of 57 items, each of which sets forth 

.... Control systems 2 items the kinds of administrative measures such as regulatory, 
.... Driving environment 2 items study, etc., target time of accomplishment outline of item 

(2) Measures to reduce injuries 26 items 
$trength ofvehiclebofly 6items and applicable motor vehicles. (Table 9: Items of 2nd 

Oc.¢upmat resUaint systems 7 items program plan for future motor vehicle safety standard.) 
Interior impact protection 7 items Furthermore, as important items of the Plan, the fob 
Protection of p~lestri~as 4 items lowing three measures are set forth: 
Measur~ against motor vehicle d~rmge 2 items 

.... (3) Meavar~ to prevent fire 3 items (1) Measures for high-speed driving 

..... With the completion of expressways, there has been an 

increase in the number of accidents when travelling at 

high speed and the damage is heavy, so that it will be 

necessary to improve the performance of the brakes, qual- 
Recently, for the prevention of accidents by large-sized ity of tires and windshield glass, etc. 

...... trucks when they are turning left, improvement of mirror (2) Measures to prevent fire 
visibility for drivers, increase of side direction indicators Cases of the accidents in vehicles including large-scale 
and improvement of pedestrian protection side guards conflagration are increasing, so it will be necessary to 
were effected, adopt measures to prevent fuel leakage in the event of 

rear-end collisions and to improve the non-flammability 

of interior materials. 

..... Future Trend of Motor Vehicle Safety Regu- (3) Safety measures for trucks 
...... lations Since trucks are different from passenger motor vehicles 

in their constructions and use and tend to sustain heavier 

Second program plan for future motor vehicle damage in accidents compared with passenger motor ve- 
safety standards: hides, it will be necessary to take measures especially for 

trucks such as the improvement of braking performance, 
As to the future trend of Safety Regulations, the Coun- visibility from driver’s seat, visibility of rear end of 

cil for Transport Technics had, based on the measures etc. 
taken on the recommendation of the Council in 1972, Further, the recommendation points out the improve- 
updated the recommendation of 1972 for the purpose of ment of investigation and analysis of motor vehicle 
meeting the situations surrounding motor vehicles such cidents, establishment of requirements for performance 
as occurrence of traffic accidents, changes in motor ve- and quantitative standards of performance, harmoniza- 
hi¢le use, progress of technological development, etc. As tion with international standards and with environmental, 
a result, in October 1980, the Council submitted a rec- resources and energy issues, etc. 
ommendation to the Minister of Transport on the "Tech, 

nical Measures for Safety of Motor Vehicles". The 

recommendation sets forth the second program plan for Measures for preventing large-sized motor- 
future safety standards following the first program under vehicle accidents occurring during left-hand 
the recommendation in September 1972 and will be a turns 
foundation for the future strengthening of the Safety Reg- 

ulations. According to the recommendation, the Ministry In order to reach a fundamental solution for the pre- 

of Transport is planning to take necessary administrative vention of left-turn accidents, we had motor vehicle man- 

measures, mainly amendments to the Safety Regulations. ufacturers produce test vehicles of large-sized tracks with 

The following is the outline of the recommendations: improved direct field of vision from the driver’s seat (these 

Traffic accidents in Japan had shown a downward trend included vehicles with lowered driver’s seat, door partially 

from around 1970 due to the enforcement of various changed to glass, or steering wheel shifted to the left. In 

measures for preventing accidents, but during these past Japan, vehicles drive on the left, so the steering wheel is 

few years they have remained on the same level In 1980 generally on the right) and we are carrying out techno- 

there were, in fact, signs of an increase in the number of logical evaluation and exan~,ination at present. 
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Table 8. 1st program plan for future motor vehicle safety re~. ,~lations. 

L Measures to prevent accidents Item Application 

Item Application 1-26 Directional stability during P, MP, T, B 

Field of 1-i Field of v:~ion of heavy HT braking 

vision trucks (R, M) 

(S, S) 1-27 Quality of brake hoses P, MP, T, B, 

b2 Field of vision of r¢ar-view P, MP, MC (R, S) MC 

mirrors 1-28 Brake performance in case of P, MP, T, B 

(R, S) partial failure of dual brake 

I-3 W’mdshieM wiphug area P, MP, T, B systems 

(R, S or M) (R, S) 

I-4 Improvement ofheadlamp P, MP, T, B, 1-29 Parking brake system for T 

p~rformance MC working purpose 

(R, S) (V, S) 
I-5 Rea~ window defoggers P, MP 1-30 Automatic brake adjutRers and D 

&’, S) w,ar indicators 

I-6 Headlamp cleaners D (A, S) 

tW, S) I-31 Anti skid brake systems D 

I-7 Performance of windshield D (A, S) 

defrosters Warning 1-32 Lamp failure warning systems D 
(A, S) devices (A, S) 

I-8 t P~rformance of front fog lamps D 1-33 Reverse war1~i~g devices D 
Cv’, M) (s, M) 

I-9 Cornering lamps D 1-34 Dual4~vel horns D 
(R, M) (S, M) 

Viability 1-10 Color uvjfication of side marker D 1-35 Warning devices for left-tam HT, lib 
Lamps aeM side reflectors and obstacle detecting devices 
C¢, s) (s, s) 

1-11 Rear fog lamps D 
(S, M) Control 1-36 Location of steering wheel of HT 

bl 21 Visibility of front direction D system lmavy truck 

indicators (S, S) 

(S, M) Driving 1-37 Int¢rior compartm,nt noise T 
I-13 Chromaticity range of lamps P, MP, T, B, environ- (S, M) 

and r~flectors MC ment 
(X, M) 

1-14 I Visibility of rear end of heavy HT Restric-, 1-38 Constructional restriction D 

trucks tion of of maximum speed 

(S, M) maximum (S, L) 
I-15 I LtLminous intensity of rear D speed 1-39 Maximum range of speedo- D 

lamps ra~ters (S, L) 

(S, L) Good- 1-40 Overloading prevention devices T 

1-16 Mounting height of rear P, MP, T, B, loading (S, L) 
reflectors MC accommo- 

(R, S) darien 

Anti-glare 1-17 Adjusti_t,, mechanism of head- D 

lamp alignment IL Measures to reduce injuries 

(S, L) Item Application 
FIB Polarized headlamps D Injury II-1 Injury Criteria _ (S, L) Criteria (S, L) 

ConLroLla- 1-19 Controllability and stability _ Strength II-2 Amount of deformation into P, MP, T 
biiity and (S, L) of vehicle passenger ¢ompartmtmt 
stabifi~y 1-20 Mhnhmum ground clearance 

body (S, L) 
(S, L) - 

II-3 Strength of tide doors P, MP, LT 

Tires 1-21 Quality of tires P, MP, T, B, (S, M) 

(R, S) MC [1-4 Easy opening of doors after P, MP, T 

1-22 Ttre-rim combinations P, MP, T, B, onlli~on 

(R, $) MC ($, L) 
1-23 Retent~dty of ~s hu ease of P, MP 

Occupant II-5 Easy fastening of teat belts     P, MP, LT 
tire puncture 

restraint (R, S) 
(R, S) systems II-6 Lap and shoulder seat belts P, MP 

Brakes 1-24 Brake performance at high P, MP, T, B for mar-outer 1~4tts 
speed (v, S) 
(R, M) LI-7 S, at bert for ~ats oth¢r than P, MP, T 

1-25 Brake performance for fade P, MP, T, B, outer seats 

and recovery MC (R, M) 
(R, M) 
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Item Application Legal System of Japan on Motor 
II-8 C~d restraint systems D Vehicles* 

(V, M) 

1I-9 Passive restraint systems P 

(s, M) RYOICHI MUKAI 

Interior II-10 Performance of windshield P, MP, LT 
impact glasses Part 3: Environmental Pollution 
protec- (R, M) Control Measures and 
tion II-I 1 Windshield mounting P, MP, LT 

(R, M) Energy-Saving Measures 
[1-12 Interior projections P, MP for Motor Vehicles 

(v, s) 

Construe- 11-13 Improvement of rear under-ride HT Measures Against Environmental Pollution by 
tions of bumper 

body (s, M) Motor Vehicles 
Protection 11-14 Impact reduction for pedes- 

of pedes- trians in collision - Along with the rapid growth of the national economy, 
trians (S, L) environmental pollution came to the fore in Japan in the 

III, Measures to prevent fire 
1960’s. From the beginning of the 1970% however, the 

Item Application 
general situation of environmental pollution has begun to 
improve gradually through the active promotion of en- 

Preven- III-1 Prevention of fuel leakage in P, MP vironmental pollution control measures coupled with the 
tion of collision 

f’tre (R, S) growth of the nationwide movements for promoting the 

1II-2 Non-flammability of interior P, MP, T, B saving of resources including energy. Moreover, such 
materials movements have been considerably accelerated as the ha- 
(R, S) tional economy has entered the stage of low economic 

111-3 Prevention of combustion - 

(s, M) growth. On the other hand, public attention has come to 
be directed towards environmental pollution (or public 
nuisances) related to the people’s individual living envi- 
ronment or urban living environment rather than indus- 

Table 9. Items of 2nd program plan for future motor vehicle trial pollution, and along with this trend, the problems 
safety standards, concerning environmental pollution have entered a new 

Notes: phase. As for the traffic pollution, especially motor-ve- 
1. In the parentheses of items, the following abbreviations are hicle pollution, which is closely related with the lives of 

shown; the general public, it is now frequently leading to various 

i 
) law suits and disputes among the people, and thus solution 

Target time of Accomplishment of the pollution problem has become a serious social 

Middle-term (3 ~ 4 years) In this chapter, we are going to discuss mainly exhaust 
¯ . Long-term (5 or more years) gas pollution and noise pollution caused by motor vehicles 

in conjunction with the legal control of motor vehicles 

-R Regulatory items through the enforcement of the regulations concerning 
(Items to be regulated newly hereafter or items, con- 

tents of which are to be completed or strengthened) their construction and equipments. 

-V: Regulatory items for optional devices 
(In case devices are fitted voluntarily, items which 

must be regulated so as not to reduce the safety) Measures against exhaust emissions from 
-A: Recommended items 

(Items which are desirable to be equipped or to im- motor vehicles 
prove the performance) 

A. Present condition and trend of air pollution by 
S: Study items 

(Items which are to be investigated actively and stud- motor vehicles 
led to introduce the technological development and of Air pollution in Japan has become a serious socia! 
which necessary measures must be taken according to 

the results) problem with the increased consumption of fossil fuels, 
especially petroleum, accompanying the rapid growth of 

2. In the column of subject motor vehicles, P: means passenger the national economy. Moreover, air pollution caused by 
motor vehicle, MP: multi-purpose motor vehicle, T: truck, LT: motor vehicles has been posing a particular problem, es- 
light truck, HT: heavy truck, B: bus, HB: heavy bus, MC: 

motorcycle (two-wheeled motor vehicles), and D: device, re- 

spectively. * Received 25th February 1981. 
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Table 1. Relation with environmental quality standard of 
ppm NO2. 

1979 

Level of annum 98% Number of 
Ratio (%) 

0. ] 0 value of daily average stations 

Over 0.06 ppm 64 30.0 
Over 0.04 ppra and 112 52.6 
under 0.06 ppm 

~ Under 0.04 ppm 37 17.4 

~ Total 213 100.0 

-~ 0~05 Nitrogen dioxide 

cc trend of change in annual averages of values measured 
< by the aforementioned 26 monitoring stations which also 

measure nitrogen dioxide. 

(ii) Carbon monoxide (CO) 

The concentration of carbon monoxide in the air began 
’71 ’72 ’73 ’74 ’75 ’76 ’77 ’78 ’79     F.Y. 

to demonstrate a decreasing trend from around 1970, the 
peak year, as a result of the active enforcement of control 

Figure 1~ Trend of annual averages of nitrogen dioxide and measures, according to the trend of change in annual 
nitrogen monoxide measured continuously at 26 

averages of values measured consecutively from 1971 by monitoring stations. 
23 monitoring stations (see Fig. 2). Also, according to 
the results of effective measurements in 1979 by 309 mon- 
itoring stations, the requirement of the environmental 
quality standard for the concentration of carbon mon- 
oxide has been satisfied in the areas covered by 306 mon- 

p~ially in large cities and areas bordering major high- itoring stations (99.0% of total area covered) when 
ways, due to the rapid advance in motorization since the evaluated on a long-term basis, and in the areas covered 
latter half of the 1970’s. by 304 monitoring stations (99.4% of total area covered) 

In the following, we take a look at the present condition when measured on .a short-term basis. 
and trend of air pollution caused by the exhaust emissions 
t~om motor vehicles referring to the data concerning air 
pollutants measured by local public bodies at several mon- 
itoring stations along major highways throughout the ppm 
country. 

(i) Nitrogen oxides (NOx) 

Nitrogen dioxide (NO2) demonstrated a slight decreas- 
ing trend in 1979 though it had been constantly increasing 5 ! 
until that time, according to the trend of change in the 
annual average of measured values of exhaust emissions 
from motor vehicles which has been measured consecu- 
tively from 1971 at 26 roadside air monitoring stations -6= 

in various locations throughout the country (see Fig. 1). c 
< 

On the other hand, however, according to the data com- 
piled by 213 monitoring stations which have made effec- 

tive measurements (stations whose total annual 
measurement time exceeds 6,000 hours), the concentra- 
tion of nitrogen dioxide has not been reduced to the level 
required by the em~ironmental quality standard for air 0 ’71 72 ’73 

pollution (see 2 B (i) b) as seen in Table 1. 
Nitrogen monoxide (NO), too, has been showing a Figure 2. Trend of annual average of carbon monoxide 

decreasing trend in general (see Fig. 1) according to the measured continuously at 23 monitoring stations. 
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(iii) Hydrocarbons (HC) 

As for non-methane hydrocarbons, they have been 
showing decreasing trends as a result of active enforce, 
ment of control measures, according to the trends of 
changes in annual averages of values measured consec- 
utively from 1977 by 18 monitoring stations (see Fig. 3). 0,05 

As far as total hydrocarbons are concerned, they have 
been also showing decreasing trends as a result of active 
enforcement of control measures, according to the trends 
of changes in annual averages of values measured con- 
secutively from 1971 by 3 monitoring stations (see 
Fig. 3). 

(iv) Suspended particulates 

This type of pollutant has been showing a slight in- 
creasing trend according to the trend of change in annual 
averages of values measured consecutively from 1975 by 
7 monitoring stations (see Fig. 4). Also, according to the 
result of long-term basis evaluation of the effective meas- 0 

75    76    ’77 78 79 
ured values in 1979 by 11 monitoring stations, the re- 
quirements of the environment quality standard Figure 4. Trend of annual average of suspended particulates 
concerning this type of pollutant were not satisfied in any measured continuously at seven monitoring 
of the areas covered by these monitoring stations, stations. 

B. Measures against motor vehicle exhaust gas 

(i) Legal support This law was enacted to define the responsibilities of 

business enterprises, local public bodies and the gov- 
a. Basic Law for Environmental Pollution Control ernment for the control of environmental pollution, 

(Enacted in 1967) and to provide the basic requirements for rneasures 
to be taken to control environmental pollution. 

b. Environmental Quality Standards for Air Pollution 
(Enacted in 1970 to 1978 for each pollutant in con- 

ppm formity with Notification of Environment Agency) 

2.0 These standards govern concentrations of pollutants 
such as the sulfur dioxide, carbon monoxide, sus- 
pended particulates, photochemical oxidant and ni- 
trogen dioxide and were established in conformity 
with the provisions of the Basic Law for Environ- 
mental Pollution Control in order not only to protect 
people’s health from air pollution but also to preserve 

- a good living environment (see Table 2). The Basic 
= Law for Environmental Pollution Control requires the 
~_ 1.0 
" tVon 

government to strive to ensure the requirements set 

~ forth under these standards. 
e 

c. Air Pollution Control Law (Enacted in 1968) 
Under this law, the general director of the Environ- 
ment Agency is authorized to set the permissible limits 
for exhaust emissions of motor vehicles, and the gov- 
ernor of each prefecture is authorized not only to 
request the Prefectural Public Safety Commission to 

, , ~ i ~ ~ I i i                 regulate motor vehicle traffic according to the Road 
0 71 ’72 73 ’74 75. ’76 ’77 "78 79 F.Y.        Traffic Law when the degree of air pollution by motor 

Figure 3. Trend of annual averages of total hydrocarbon and vehicle exhaust emissions exceeds the set limit but 
non-methane hydrocarbon measured continuously also to express his opinion, whenever necessary, to 
at several monitoring stations, the road administration or the head of the related 
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Table 2. Environmental quality standard for air pollution. 

Sulfur Carbon Suspended Photochemical Nitrogen 
Substance dioxide monoxide particulates oxidants dioxide 

Environmental Daily average of Daily average of Daily average of One hour value Daily average of 

conditions : hourly values hourly values hourly values shall shall be below hourly values shall 

shall be below shall be below be below 0.10 ra!!in~, 0.06 ppm. be within the 
0.04 ppm, and 10 ppm, and and one hour value range between 

one hour value eight hour mean shall be 0.20 mg!m~. 0.04 ppm and 

shall be below value shall be 0.06 ppm or 

0.1 ppm. below 20 ppm. below. 

Measuring Conductometric Nondispersive Weight concentration Absorptiometry Colorimetry 
methods method infrared ana- measuring methods using neutral employing 

lyzer method based on filtration potassium iodide Saltzman 
collection, or light solution, or reagent 
scattering method coulometry 
yielding values hav- 
ing a linear relation 
with the values of 
the above method 

government agency, concerning the improvement of technical standard concerning exhaust gas will be dis- 

the construction or system of roads, cussed in detail in the following section. 

This law also provides for the control of smoke and 
soot emanating from factories and business facilities, (ii) Measures for the control of exhaust emissions 
and defines the responsibilities of the operators of such through the establishment of regulations concerning 

factories or business facilities regarding the payment the construction and equipment of motor vehicles 

of compensation in case the human health is injured 
Since 1952, running motor vehicles have been prohib- 

by air pollution caused by their activities. ited from emitting excessive harmful gases by the Safety 
d, Maximum Permissible Limits of Motor Vehicle Emis- Regulations for Road Vehicles. More recently, however, 

sions 
the Regulations were amended to include quantitative 

(Enacted in 1974 according to the Notification of 
requirements for motor vehicles not including two- 

Er~vironment Agency) 
wheeled motor vehicles and special motor vehicles and 

These regulations specify the maximum permissible 
such quantitative requirements have been made increas- 

limits of carbon monoxide, hydrocarbon, nitrogen ox- 
ide and the diesel smoke eroJtted from running motor 

ingly stringent. 

vehicles established in conformity with the Air Pol- a. Stringency of regulations for new vehicles 

lution Control Law. (see Table 3) 
The Air Pollution Control Law states that the Min- Regulations governing gasoline-fueled vehicles com- 
ister of Transport must endeavor to enforce these merited with the regulation of CO concentration by 

maximum permissible limits in case he establishes by 4-modes in 1966, and this was followed by the reg- 

an order pursuant to the Road Vehicles Act necessary ulation of blow-by gas (mainly consisting of HC) in 

matters on control of motor vehicle emissions. 1970 and fuel evaporation gas (mainly consisting of 

e. Road Vehicles Law (Enacted in 1951) HC). Regulations governing motor vehicles were thus 

This law sets forth the requirements concerning the gradually strengthened. As for diesel-powered vehi- 

registration, standards for safety and environmental cles, the regulation of smoke by 3-modes (see Table 

pollution, maintenance and inspection of motor ve- 4) was started in 1972. In 1973, the regulation by 

hicles (Refer to previous report), weight of three substances (CO, HC and NOx) by 10- 

f. Safety Regulations for Road Vehicles modes (see Fig. 5) or gasoline 6-modes (see Table 5) 

(Enacted in 1951 according to Ministry of Transport was commenced for gasoline-fueled vehicles, and in 

Ordinance) 1974, regulation governing concentration of the same 

These regulations set forth the technical standards for three substances by diesel 6-modes (see Table 6) were 

the construction and equipment of motor vehicles to enacted for diesel-powered vehicles. 

be met for the purposes of ensuring safety and en- Later, in 1975, the regulations governing the afore- 
viror~anental pollution control, in conformity with the mentioned three substances for gasoline-fueled pas- 

Road Vehicles Law. (Refer to previous report). The senger vehicles were intensified. As a result, the 
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requirements for the reduction of CO and HC have buses and diesel-powered vehJcles, in 1975, the reg- 
been intensified by more than 90% compared with ulations of CO, HC and NOx for small- and medium- 
their levels before the enforcement of the regulations, sized gasoline-fueled vehicles were strengthened, and 
while the same for NOx has also been strengthened in 1977, the NOx regulation for large-sized gasoline- 
by more than 90% compared with its levd before the fueled vehicles and diesel-powered vehicles was inten- 
enforcement of the regulation as a result of the sifted. Also, in December, 1977, the Central Council 
strengthening of the regulations in 1976 and 1978. On for Control of Environmental Pollution, an advisory 
the other hand, concerning gasoline-fueled trucks and organization to the Director-General of the Environ- 

Table 3. Details of motor vehicle (including new.vehicles) exhaust gas regulations. 

1973 1974 1975 1976 1977 1978 1979 

Gasoline-fueled passenger 1973 regulation 1975 regulation 1976 regulation 1978 regulation 

motor vehicles (10-mode) (Equivalent inertia 

CO 

~45 - ............. 

~--_~"~’" weight: under 1 ton) 

(Equivalent inertia 

weight: over 1 ton) 

Gasoline-fueled small- and 1973 regulation 1975 regulation 1979 regulation 

medium-sized trucks and 
buses and light trucks CO ~’45 ............ 32~ ..... ~.- .... ’ 
(Gruss vehicle weight: HC 48I 

.r 
~ (Small tr~eks and 

under 2.5 tons) (10-mode) NOx 71 ] ....... 59 
32 
(Medium-sized 
truck~ 

and buses 

and light t~cks) 

Gasoline-fueled large- 1973 regulation 1977 regulation !979 regulation 

sized trucks and buses 

(Gross vehicle weight: CO 

over 2.5 tons) He 48 [ 
(Gaso~ne ~mode) 
Diesel-powered motor 1974 regulation 1977 regulation 1979 regulation 

vehicles 

(Diesel 6-mode)         CO                95 

HC 90 I _ (Direct    injection 
NO~ 80 ’ 1-.- 68 ~ [ ........ type) 

(Indirect injectio~ 
type) 

1980 (Current regulation) 1981 1982 

Gasoline-fueled passenger Max. value 

motor vehicles (10-mode) (Average value) 

0.39 g/kin (0,25) 

Gasollne-fueled small- and 1981 regulation 1982 reguhtiou 
medium-sized trucks and 
bus~s a~d fight trucks CO 17.O g/kin (13.0) 

(Gr~s vehicle weight: HC 2.70 g/kin (2.10) 

under 2.5 tons) (10-mode) 1.40 g/kin (1.00) ..~.__L~_~,,,~fl-~7~--~n-d Max. value     19"~.S.’~?~.’b.~_’_~d.~ Light trucks 
buses) (Average value) -- "buses) ’ Max. value 

trucks and buses 1.26 g/kin (0.90) trucks and buses) NOx 1.26 glum (0.90 

Gasoline-fueled large- 1982 re~tio~ 
sized trucks and bnse~ 

(Gross vehicle weight: CO 1.60% (1.20) 45 

over 2.5 tons) HC 520 ppm (410) 48 , I 
(Gasoline 6-mode) NOx 1390 ppm (1,100) 42 I I No~ 990 r~m (7~o) z-~---U_’_’_-_-_’_-_-.-_-_’_’_’_’_-_-_ 
Diesel-powered motor [ 1982 regulatio~ 
vehicles 

(Diesel &mode) CO 980 ppm (790) 95 

HC 670 ppm (510) 90 
700 ppm (540) 56 l~_~_[ ...... (/ndirect 

~ rejection type) injection type) 

injection type) 

Quantity of exhaust gas before regulation 

45 
Ratio (%) of exhaust gas level to that 
before regulation 

(lO-mode) 
E~hanst gas measuring mode 
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EXPERIMENTAL SAFETY VEHICLES 

TaNe 3. Details of motor vehicle (including new vehicles) exhaust gas regulations (continued). 
(Year of enforcement) 

Models in continuous 
New Models production           Imported motor vehicles 

t973 regulation 1973.4.1 1973.12.1 

1974 regulation 1974.9.1 1975.4.1 

1975 regulation 1975.4.1 !975.12.1 1976.4.1 
(Applicable only to models in 
continuous production) 

1976 regulation 1976.4.1 1977.12.1 1978.4.1 
(Applicable only to models in 
continuous production) 

1977 regulation    1977.8.1                   1978.4.1 
1981.4.1 

1978 .regulation 1978.4. ! 1979.3.1 

1979 regulation 1979.1.1 1979.11.1                  1981.4.1 

1981 regulation 1981.1.1 198!.12.1 1983.4.1 
(Applicable to gasoline-fueled (Applicable to gasoline-fueled (Applicable to gasoline-fueled 
medium-sized trucks and medium-sized trucks and medium-sized trucks and 
buses from December 1, buses from November 1, buses from April 1, 1984) 
1981) 1982) 

1982 regulation 1982.1.1 1982.12.1 1984.4.1 
(Applicable to diesel-powered (Applicable to diesel-powered 
vehicles with indirect injection vehicles with indirect injection 
~pe from October 1, 1982) __~p_e from September 1, 1983) 

ment Agency, submitted a Report on the Long-term As a result of such gradual strengthening of the reg- 

Policy for Establishment of Maximum Permissible ulations, as discussed in the preceding section, the air 

Limits of Motor Vehicle Emissions (see Table 7). pollution by CO and HC has been considerably al- 

Subsequently, the NOx regulation for gasoline-fueled leviated, but NOx pollution has not been reduced 

trucks and buses and diesel-powered vehicles was in- significantly. Thus, in order to solve this problem, it 

tensified in 1979 as the first phase of the intensification is essential to strengthen the regulation governing 

program. Similarly, in the second phase, the NOx NOx for diesel-powered vehicles with direct injection 

regulation for small- and medium-sized gasoline- type of engines as soon as possible. 
fueled tracks and buses was intensified in 1981, and 

the same regulation for diesel-powered vehicles with TaNe 5. Six modes of driving pattern of gasoline engine. 

indirect injection type of engines is expected to be 

strengthened in 1982. l~lode factor 

Table 4. Three modes of black exhaust gas from diesel 1 En~i~¢ is id[in~ with no-l~d. 0.125 

engines. Engine is operated at a speed of 2,000 rpra 
~ 2 with an inlet vacuum of 125 mmHg at intake 0.114 

Mode manifold. 

~e the engine is r~nning with a full-load at the Engine is operated at a speed of 3,000 rpm 

speed of revolution equal to 40% of the speed at 
3 with an inlet vacuum of 125 mmHg at intake 0.277 

manifold. 
1 I which it produces its maximum output (at 1,000 

rpm., if the speed of revolution is less than 1,000 Engine is operated at a ~eed of 3,000 rpra 

rpm.); 4 with an inlet vacuum of 2,000 mmHg at 0.254 
intake manifold. 

Wlfile the engine is tanning with a full-load at the Engine is operated at a speed of 2,000 rpm 

2 I speed of revolution equal to 60% of the speed at 5 with an inlet vacuum of 420 mmHg at intake 0.139 

which it produces its maximum output; and manifold. 
~ Engine is decelerated, with its carburetor gas 

While the engine is ranrd~g with a fulMoad at the v~tve completely ¢lo~.d, from 2,000 tpm with 0.091 3 [ speed of revolution at wtLich it produces its an inlet vacuum of 420 mmHg at intake mani- 
maximum output, fold to 1,000 rpm in 10 sec. 
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SECTION 5: TECHNICAL SESSIONS 

Table 6. Six modes of driving pattern of diesel engine. 

401- 
Mode 

We~hting 
factor 

_ 30~ 1 Engine is idling with no-load. 0.355 

~- Engine is operated with a full-load and a 
~ speed of revolution equal to 40% of the 

0.07! ~ 20]" 2 speed at which it produces its maximum 
power. 

Engine is operated with a 25% load of the 
...... ] Ok full-load and at a speed of revolution equal to 

.... 3 0.059 
40% of the speed at which it produces its 
maximum power. 

0 20i27 4249 65 79 104 ]]8 ]35 Engine is operated with a full-load and at a 
94 ] 06 ] 28 speed of revolution equal to 60% of the 

Time    sec 4 speed at which it produces its maximum 
0.107 

power. 

........ Figure 5. 10-mode driving cycle. Engine is operated with a 25% load of the 

5 
full-load and a t a speed of revolution equal 

0.122 
b. Strengthening of regulations for vehicles in use (in- to 60% of the speed at which it produces its 

eluding new vehicles) 
maximum power. 

Concerning gasoline-fueled vehicles, a regulation gov- Engine is operated with a 75% load of the 
full-load and at a speed of revolution equal 

0.286 erning CO concentration at idling was enacted in       6 to 80% of the speed at which,it produces its 

1970, and this was followed in 1974 by a regulation maximum power. 
controlling HC concentration at idling. ’ .......... 

For diesel-powered vehicles, a regulation governing 

smoke emission at no-load acceleration has been in the government has been promoting the construction and 

force since 1970. improvement of by-passes and ring roads in order to 

sharply reduce the volume of traffic including that of 

...... (iii) Other measures against automotive exhaust emis= large vehicles passing through residential areas, and in 

sions parallel with such measures, the government has also been 

promoting the establishment of environmental protection 
As measures against environmental pollution through 

zones. 
traffic control, the government has been promoting not Furthermore, the government has been striving to 
only a more stable and smooth traffic flow but also the duce the total traffic volume of motor vehicles through 
normalization (optimization) of traffic flow and reduction the construction and improvement of public mass-trans- 
of total traffic volume by intensifying the enforcement of 

portation means such as subway systems and bus services 
comprehensive urban traffic controls. 

so that part of the users of individual motor vehicles can 
On the other hand, as measures against environmental 

switch to using such mass-transportation means, and in 
pollution through the improvement of the road system, 

parallel with such measures, the government is also pro- 

moting the construction and improvement of physical 

distribution systems and facilities such as distribution 

8 business centers and truck terminals in order to realize 
: (Number of 
"3a ~ ~    Number of motor vehicles m use vehides/km2) the rationalization of physical distribution since this also 
~_~ ~o     (Read scale on the rightl Population subjecied can contribute to the reduction of the tota! traffic volume 
o_ c II 

to traffic noise 
"5 ~ _~ (Read scale on the leftl ~ 

of motor vehicles. 

Measures against automobile noise 
~ _o ~                          500 _ 

oR 
~ ~ ~ .so 

_~ ~ A. Present condition and trend of automobile noise 
c.L~ 0 = 0 E’-= 

- ~ ~ ~ ~ During the formation of its highly developed economic 

- 
~ ~ ~ ~ g ~ -~ ~ ~ ~ 

~ society, Japan has seen not only the concentration of ~ ~ ~Z ~ = 
:~ ~ ~ ~ ® ~ ~ population and production in large cities but also the 

rapid progress of motorization, and such rapid progress 

Figure 6. International comparison of road traffic noise (Over of motorization coupled with the special condition that 

65 dBA (Leq): In the middle of 1970), the share of trucks in the total number of motor vehicles 

1001 



EXPERIMENTAL SAFETY VEHICLES 

Table 7. Report on the long-term policy for establishment of maximum permissible limits of motor vehicle emissions (report 
submitted by Central Council for Control of Environmental Pollution on December 26, 1977). 

Target values of maximum 
permissible limits 

Measurement 
Category of motor vehicte                      (average values)              method 

1 st stage       2nd stage 

Diesel-fueled ordinary & Direct injection type 540 ppm 470 ppm Diesel 6-mode 

small-sized motor vehicles ...... 
Indirect injection type 340 ppm 290 ppm Diesel 6-mode 

Casaba- or LPG-fueled With GVW** exceeding 
1,100 ppm 750 ppm 6-mode 

ordinary & small-sized 2,500 kg 
motor vehicles* 

With GVW 
1.2 g/km      0.9 g/kin      10-mode 

1,700 ~ 2,500 kg 

With GVW 
1.0 g/kin      0.6 g/kin      10-mode 

1,700 kg or less 

Light motor vehicles*’* 1.2 g/km 0.9 g/kin 10-mode 

* Excluding those exclusively used for carrying passengers with a riding capacity of 10 persons or less. 
** Gross vehicle weight. 
*** Excluding those exclusively used for carrying passengers and equipped with two-stroke engine. 

is relatively large compared with other iadustrialized ered to represent various noise levels in each of these 

countries has been causing serious environraental pollu- prefectures, there were 608 monitoring stations (17%) 

tion (public nuisances) resulting from automotive noise where the requirement of environmental quality standard 

especially in areas along major highways where motor for noise (see 2 B b.) was satisfied, and 782 monitoring 

vehicle traffic is particularly heaD’ (see Fig, 6). stations (22%) where the noise levels were higher than 

According to the results of the measurements of au- the permissible limits (see 2 B c.) (see Fig. 7). 

tomobile noise levels carried out by various prefectural Analyzing the above measurement results by kinds of 

authorities in 1979 at 3,582 monitoring stations consid- area, in residential areas where the maintenance of qui- 
etness is most desired, it was found not only that the ratio 
of satisfaction of the environmental quality standard for 
noise was markedly low but also that the ratio of the 
noise levels higher than the permissible limits was high. 

® Also, when the same is analyzed by time period, it was 
found that in general, the ratio of satisfaction of the 
environmental quality standard for noise during nighttime 
was highest compared with other time periods, but it was 
also found that the number of areas where the noise levels 
were higher than those specified by the environmental 
quality standard were increasing. 

::~iRequirement met n all 4 time periods 117.0%) B. Measures against automobile noise 
~’~; Requirement met n each of 4 time periods (56.0%) 

(.~ Requirement not met in 9il 4 time periods (44.0%} (i) Legal system for the regulation of noise 

@geiow maxmum requirement exceeded in all a. Basic Law for Environmental Pollution Control 
4 tree per ads /78.2%) 

~tvlaximum requirement exceeded in eack at Refer to 1. B. (ii). 
4 time per ads {21,8%1 b. Environmental Quality Standards for Noise (Adopted 

@L4aximum requirement exceeded in at Cabinet Conference in 1971) 
all 4 tree periods 12.3%) 

These standards were established in conformity with 
the Basic Law for Environmental Pollution Control 

Figure 7. Conditions of conformity" and non-conformity to 
requirements of Environmental Quality Standard and as the desirable standards to be met concerning 

by time period, noise pollution, similar to the case of air pollution, 
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SECTION 5: TECHNICAL SESSIONS 

Table 8. Details of motor vehicle exhaust gas regulations (for vehicles currently in use). 

Category of         Substance to             1970 1971    1972                                  1973 !i 1975       1976 

......... motor vehicles be controlled ~ 1974 ~ 1981 

Gasoline-fueled Idling CO 5.5% <- 4.5% +- ~ <-- 
motor vehicles 

Idling HC .... I I ppm 

.......... Diesel-powered Diesel smoke emission I 
....... motor vehicles at no-load acceleration 

- ~ - - - 50% 

Table 9. Environmental quality standard for noise. 

Time period 
Category 

of area Daytime Morning/ Nighttime Area concerned 

evening 

Under 45     Under 40     Under 35 
AA 

dB (A) dB (A) dB (A) Area to be designated by the governor of each 

Under 50 Under 45 Under 40 prefecture according to Paragraph 2 of government 

......... A dB (A) dB (A) dB (A) ordinance (No. 159, 1971) concerning the delegation 
of authority to designate water area and land area in 

Under 60 Under 55 Under 50 conjunction with Environmental Quality Standard. B dB (A) dB (A) dB,(A) 

Notes: 1. Category AA represents area where special quietness is requires such as one where medical center is located. 
2. Category A represents area mainly used as residential area. 
3. Category B represents area where considerable number of residences, commercial and industrial facilities are located together. 
As for areas along roads, the following standards have been established. 

Time period 
Category of area Daytime Morning/ Nighttime 

evening 

Of the area of category A, area located along Under 55 Under 50 Under 45 
2-lane road. dB (A) dB (A) dB (A) 

Of the area of category A, area located along road Under 60 Under 55 Under 50 
with more than two lanes, dB (A) dB (A) dB (A) 

Of the area of category B, area located along road Under 65 Under 60 Under 55 
with less than two la~les, dB (A) dB (A) dB (A) 

Of the area of category B, area located along road Under 65 Under 65 Under 60 
with more than two lanes, dB (A) dB (A) dB (A) 

from the standpoint of environmental pollution con- mission when the measured noise level exceeds a cer- 

trol (see Table 9). tain limit (see Table 10) and the living environment 

c. Noise Control Law (Enacted in 1968) along the road concerned is conspicuously disturbed 
As for automobile noise, this law provides that, as in by such noise, but also to express his opinion, when- 

the case of the Air Pollution Control Law, the Di- ever necessary, to the road administration or the head 
rector-General of the Environment Agency is au- of the related governmental agency concerning the 
thorized to set the permissible limits concerning motor improvement of the construction or system of roads. 
vehicle noise, and that the governor of each prefecture d. Maximum Permissible Limits of Motor Vehicle Noise 
is authorized not only to make requests concerning Emission (Established in 1970 by Environment 
the traffic regulations in conformity with the Road Agency Notification) 
Traffic Law to the Prefectural Public Safety Com- This standard specifies the maximum permissible lira- 
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Table t0~ Maximum permissible limit. (Unit: dB(A). 

Time period 

Category of area Daytime Morning/ Nighttime 
evening 

1 Of class-1 area, area located along one-lane road. 55 50 45 

2 Of class-2 area, area located along one-lane road. 60 55 50 

Of class-1 and class-2 areas, areas located along 
70 65 55 3 two-lane road. 

Of class-I and class-2 areas, areas located along 
75 70 60 4 roads with more than two lanes. 

In class-3 and class-4 areas, areas lo~ated along 
5 70 65 60 

one-lane road. 

.In class-3 and class-4 areas, areas located along 
75 70 65 

i 6 two4ane road. 

[ 7 In class-3 and class-4 areas, areas lo~ted along 80 75 65 
road with more than two lanes. 

Note: *Classes-l, 2, 3 and 4 areas are those designated respectively by the governor of each prefecture 
according to the following criteria: 

(Class-I area) Area where the maintenance of quietness is specially required in order to preserve desirable living 
environment. 

(Class-2 area) Residential area where the maintenance of quietness is necessary. 
(Class-3 area) Area where residential, commercial and indusfrial districts are located together, and the residential 

district has to be protect~d from noise. 
(Class-4 area) Area mainly used for industrial purposes, but extremely offensive noises must be prevented in 

order to prevent the deterioration of living environment of the people inhabiting in such an area. 

its of steady running noise, stationary noise and ac- motor vehicles have been enforced in conformity with the 
celerated running noise for motor vehicles, in Safety Regulations for Road Vehicles since 1952 and these 
conformity with the Noise Pollution Re~;ulation. regulations were strengthened in 1971. 

The Noise Pollution Regulation provides, just as in As for new motor vehicles, in addition to the above- 
the case of the Air Pollution Control Law, that the mentioned regulations, the regulation governing accel- 
Minister of Transport must endeavor to enforce this crated running noise (see Table 12) which is the greatest 

maximum permissible limit in case he establishes by noise produced by any motor vehicle running on roads 
an order pursuant to the Road Vehicle Act necessary in urban areas has been enforced since 1971, and this 
matters on control of motor vehicle noise, regulation was further strengthened in 1976 for motor 

e. Road Vehicles Law vehicles except passenger motor vehicles and small-sized 
Refer to 1. B. (i). motor vehicles and for motor-driven cycles, and in 1977 

f. Safety Regulations for Road Vehicles for passenger motor vehicles and small-sized motor ve- 

Refer to I. B. (i). hicles. In the meantime, the Central Council for Control 
Technical standards concerning motor vehicle noise of Environmental Pollution completed a Report on Long° 

will be discussed in detail in the following section, term Targets for Permissible Limits on Motor Vehicle 
Noise (see Table 13) in June, 1976. In response to this 
report, as the first phase of measures to be taken, the 

(ii) Measures against motor vehicle noise through the regulation of accelerated running noise of motor vehicles 
regulation of the construction and equipments of me- 

has been strengthened since 1979, and as the second phase, 
tot vehicles the regulation of accelerated running noise of passenger ....... 

The regulations of steady running noise and stationary motor vehicles is expected to be strengthened in 1982. 

noise (see Table 12) concerning motor vehicle~ and motor- As mentioned in the preceding section, the situation 

driven cycles in use (including new ones), except special concerning motor vehicle noise has still not been im- 
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Table 11. Outline of motor vehicle noise¯                                                       (Unit: dB) 

1971 1976 1977 1979 1982 

Steady Acceler- Steady Acceler- Steady Acceler- Stead.y ]Acceler-Steady Acceler. 
Type of motor vehicle running ated 

running 
atod 

running 
ated 

running running ated 
¯ and ated. and 

and and and 
stationary running stationary running stationary running stationary running stationary running 
noise noise noise noise noise noise    noise noise ’noise noise 

I 
Large- Gross Max. power 80 

Trucks sized vehicle > 200 PS 92 89 

and Medium~ weight 78 

..... buses sized > 3.5 t < 200 PS 89 87 

I Small- Gross vehicle weight 74 

sized < 3.5 t 85 "- 83 "(- 
81 

70                  ~                  *-                  <-                  <- 
Passenger motor vehicles 

84                  ~                  82                                      78 

Small- Engine 

sized displace- 

motor ment 86 
vehicle > 250 cc 

Motorcycles 74 83 <- 78 ~- <- 
Light 

< 250 cc *- <- 
motor 

> 125 cc               84 vehicle 

Class-I ~ 50 cc 80 ’-" 
cyclesM°t°r driven 

Oasv2              I < 125 cc 
70 

> 50 cc 82 *" 

(Date of enforcement) 

Domestic models 
New models Models in continuous production Imported motor vehicles 

1971 regulation 1971.4. 1 1972. 1.1 ~ 

1976 regulation 1976. 1.1 1976.9. 1 
1977 regulation 1977. 1.1 1977.9. 1 
1979 regulation 1979. 1.1 Passenger motor vehicles 1981.4. 1 

1979. 9.1 
(Applicable to diesel-powered (Applicable to diesel-powered 
motor vehicles, motorcycles two-wheeled and other motor 
and motor-driven cycles from vehicles from December 1, 
April 1, 1979) 1979) 

1982 regulation 1982. 10. 1 1983.9.1 1984.4. 1 

proved to the desirable degree, and thus it is also necessary Energy-Saving Measures for Motor Vehicles 
to enforce the regulation of accelerated running noise for 

Even if the oil crises in 1974 and 1979 hadn’t occurred, 
categories of motor vehicles other than passenger motor 

the world faces the strong probability of a shortage of 
vehicles as soon as possible as part of the forthcoming 

energy supplies in the future due to the finite nature of 
second phase of measures, 

oil resources coupled with the growing trend on the part 
(iii) Other measures against motor vehicle noise of the oil producing countries to preserve their resources. 

For instance, some predict that the gap between supply 
As measures to protect the living environment, the and demand for oil will become clearly apparent from 

government is now promoting the transfer of motor ve- around the middle of the 1980’s. 
hicle traffic to other means of transport, intensification Japan’s energy consumption is now 410 million tons, 
of traffic control measures, improvement of road structure having increased by about 30% from the 1970 level. As 
and improvement of environmental conditions along a result, Japan is now the second largest energy consumer 
roads (see 1.B.(iii)). next to the U.S. in the free world. 
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Table 12. Measuring methods of noises. Table 13. Report on long-term targets for permissible limits 
on motor vehicle noise (Reports submitted by 

Classification Measuring method Central Council for Control of Environmental Pol. 

When a motor vehicle or motor-driven lution on June 15, 1976). 

cycle is running on a dry, lew;l and paved Target values dB (A) 
road at a steady speed corresponding to Types of vehicle 
either an engine rotating speed equal to Phase I Phase II 

60% of the speed at which the engine Vehicles with gross vehicle weight 86 83 
produces its maximum powe." or exceeding 3.5 tons 

(a) in the case of a motor w~hicle or Vehicles with gross vehicle weight 81 78 a 2nd class motor-driver, cycle, not exceeding 3.5 tons, Steady ru~ming noise 
35 km/h, passenger cars and motorcycles 

(b) in the case of a 1st class motor- (excluding motor-driven cycles) 78 75 
driven cycle, 25 km/h, 

whichever Ls lower, the noise level shall 
Note: The figures stand for values obtained b t JIS/Japanese Industrial Stand- 

ard) 1024 (measurements of noise emitted by automobiles). 
be measured at a point 1.2 meters from 

the ground and 7 meters leftward from 

the longitudinal axis of the vehicle or 

cycle, sources, situations which are predicted to become in- 

When an engine is running wth no load 
creasingly common from now on. 

at a speed of revolution equal to 60% Thus, it is necessary for Japan to promote energy-saving 

of the speed at which the engine measures actively, and this is especially important in the 

Stationary noise 
produces its maximum power, the field of transportation, particularly motor vehicles, which 
noise level shall be measured at a point are one of the main consumers of energy. 
1.2 meters above the ground and 20 This chapter is primarily devoted to discussions on 
meters to the rear from the opening of 

the exhaust pipe. energy-saving measures concerning motor vehicles mainly 
in the light of the legal regulations. 

A motor vehicle or motor-driven cycle 

to be tested shall run on a dr~¢, level 
and paved road at a steady Sliced Present condition of energy consumption by 
corresponding to either an et~gine 

rotating speed equal to 75% of the motor vehicles 
speed at which the engine produces 

Of the total consumption of energy in this country 
its maximum power or 

(a) in the case of a motor w.’hicle which has been increasing year by year (see Fig. 8), trans- 
other than a light moto]cycle portation accounted for 16% as of 1978 (see Fig. 9), but 
with or without sidecar, 50 km/h, this share is 26% as far as the share of oil consumption 

(b) in the case of a light motorcycle iS concerned (see Fig. 10). 
or a 2rid class motor-driven cycle, 

Accelerated running 40 kin/h, Of the total consumption of energy in the field of trans- 

noise (c) in the case of a 1st class motor- 
portation, motor vehicles account for 79% of which the 

driven cycle, 25 km/h, consumption by passenger motor vehicles accounts for 
whichever is lower, and as soon as the 40%. 
vehicle or cycle reaches the acceleration Looking at the trend of fuel efficiency of passenger 
start line, it shall be accelerated and run motor vehicle (see Fig. 11), it continued to increase up 
the 20 meters testing distance with its 

accelerator pedal fully depressed or its tO 1975 mainly due to the increase in the number of large- 

throttle valve fully opened. Meantime, 

the noise level shall be measured, in the 
middle of the testing distance, at a point 

1.2 meters from the ground and 7.5 o~ 

meters leftward from the longitudinal 

axis of the vehicle or cycle. 

It N characteristic of the energy supply .structure of 
this country, however, that not only the del:~ndency on 
oil (74% in 1978) is much higher compared with other 
major developed countries but also the dependency on 
imported energy resources is extremely high (88%; figure 
for oil imports was 99.8% in 1978), and such an energy 

supply structure is considered to be most v-alnerable in Figure 8. Trend of energy consumption in Japan (Unit: Million 

case of instability of supply arid rising prices of energy tons in terms of oil). 
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10.01" 

9.0 
8.01" 
7.01" 

5.01- 

Figure g. Share of transportation sector in final demand for 
energy in dapan. Figure 11. Average 10-mode fuel efficiency at passenger 

mater vehicles for domestic market. 

sized passenger motor vehicles coupled with the increas- 
ingly stringent exhaust gas regulations, but it started to special machines and equipments designated as ones 
mark a down-trend after 1976 mainly thanks to tech, requiring improvement in their performance by Cab- 

nological advances in automotive engineering, inet Order. 

c, Manufacturer~ shall be required to indicate the energy 

efficiencies of designated machines and equipments. 
Energy-saving measures for motor vehicles 

d. Minister of International Trade and Industry or Min- 
......... A. Legal support ister of Transport, whenever necessary, shall be au- 

(it Rationalization of energy consumption law thorized to require the manufacturers of designated 
machines and equipments to report on the conditions 

As for the energy-consuming machines and equipment of their businesses, or let the personnel of the ministry 
including motor vehicles, this law stipulates: conduct on-the-spot inspection of the designated ma- 

chines and equipments at the factories or offices of 
a. Manufacturers (including importers) shall strive to the manufacturers. In addition, the law stipulates that 

bring about a reduction of energy consumption the entrepreneurs and owners of buildings must meet 
through improvement in the performance of their the requirements and standards laid down, and for 
machines and equipments, the right of relevant ministries not only to give nee- 

b. Minister of International Trade and Industry or Min- essary guidance and advice but also to let their staff 
ister of Transport shall be authorized to establish conduct on-the-spot inspections of such offices and 

....... standards for the improvement of performance as to buildings. 

(ii) Enforcement Cabinet Order for Rationalization of 
Energy Consumption Law 

(~lho,~ +o,~s of This Cabinet Order designates special machines and 
o~i equ~vo~en,~ equipment as type-designated gasoline-fueled passenger 

Air transportation 

~(3.2%t 
motor vehicles according to Rationalization of Energy 

60 

/A (66%) ] Railways 

Consumption Law. 

(108%) I Coos+ol morine tronsportolion (iii) Ministerial Ordinance Regarding DetermJnation of 
Automobile Fuel Efficiency 

40 
This law provides that the motor vehicle fuel efficiency 

32.4 Trucks , Motor vehicles to be indicated by the manufacturers shall be the 10-mode 
fuel efficiency determined by the Minister of Transport 

2o                                                at the time of type-designation. 
Passenger 

140 2~/~} motor (iv) Guidelines for Manufacturers and Others concerning 
vehicles 

Improvement of Motor Vehicle Performance (Ordi- 
nance of Ministry of International Trade and Industry 

1969 "1979 F.¥ and Ministry of Transport) 

Figure 10. Shares of energy consumption by various These guidelines for manufacturers set the targets of 

domestic transportation means. 10-mode fuel efficiency vehicle weight to be attained by 
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F.Y. 1985 concerning the passenger motor vehicles to be 
shipped to the domestic market. 10.mode fuel (~) Target n F.Y. 1985 

Also. these guidelines provide for the contents and 
efficiency (kin/l) ~)Averoge n F.Y. 1978 

20 
~ 

(~) Improvement by 6.5% 
methods of indications to be made by manufi~cturers, lg)                    ~’~ (~) Improvement by l ].1% 

These matters will be explained in detail in the follow- @ Improvement by 12.3% 
ing section. 

B. Fuel efficiency standard of motor vehicle and indi- 
15 ~ (~) Improvementlmpr°vement byby 11.8%12’6% 

cation of fuel efficiency 
[ 22q  22 

Guidelines for manufacturers concerning the improve- Averge of ol! 
ment of motor vehicle performance provide for the fol- 1C categories of 

lowing standards and requirements concerning the vehicles 

indications: 

a. Guidelines Under Over Over Over    (Vehicle 

As for the 10-mode fuel efficiencies of gasoline-fueled 
577.5kg 

577.Skgunder 8725kgunder 1265.Skgunder we~ghfl 

passenger motor vehicles falling under the categories 827.5kg1.265,5kg 2.015kg 
of specified model classifications which will be 
shipped to the domestic market in F.Y. 1985 (in F.Y. Figure 12. Fuel efficiency improvement target for passenger 
1988 for imported vehicles), manufacturers are re- motor vehicles. 

quired to ensure that the weighted harmonic averages 

of such 10-mode fuel efficiencies are better than the 
fuel efficiency standards shown in the following table. pared with F.Y. 1978 through the enforcement of the 

’ 
1 

l(Re’ference) 
above-mentioned measures (see Fig. 12). 

"Cat,gory           a 
C D Overall C. Other energy-saving measures for motor vehicles 

Item ~I A averag~ 

Vehicle’- ~    less than qual to equal to equal to’ In addition to promoting the technological develop- 

weigh(~g) 
577.5 r more or more or more 

ann i than than ment for improving fuel efficiency through the establish- 
77.5 827.5 1265.5 merit of fuel efficiency standards and the introduction of 
,ss than / less than less tha~ the fuel efficiency indication system described above, the 
:~7.5 ! 1265.5 2015.5__ government is also promoting the energy-saving measures 

(A) TargeL(km/E) i 19.8 ~2.5,~ 8.5 12.8 for motor vehicles by recommending the following: 

(i) To refrain from abrupt acceleration and to maintain 
an economic running speed (Recommendations con- 

Remarks cerning the improvement of driving habits directed 

In case any manufacturer ships passenger cars both at drivers). 

of category 2 and of category 3 to the domestic mar- (ii) To carry out proper maintenance such as correct tire 
ket, category 2 and category 3 shall be combined into pressure and to keep ignition plugs clean (Recom- 
one category, and the target of energy ePficiency for mendations concerning maintenance of motor vehi- 
the combined category shall be 13.0 km! g. cles directed at drivers). 

b. Matters to be indicated (iii) To promote the establishment of car pooling and 
Manufacturers are required to indicate the 10-mode cooperative transportation systems in order to im- 
fuel efficiencies and related matters (Type, engine prove the load factor for passenger vehicles and 
displacement, type of transmission, etc.) clearly in the trucks. 
catalogs of their motor vehicles or on those for display 
from June 1st, 1980. The fuel efficiency in general is (iv) To encourage the use of public mass transport which 

expected to be improved by 12.3% in F.Y. 1985 cam- is more efficient than individual motor vehicles. 
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Legal Systems of Japan on Motor Vehicles* 

MASAKAZU KUME Bureau and the Traffic Safety and Nuisance Research 

Auto.mobile Type Approval Test Institute, of the Ministry of Transport. 

Division, Traffic Safety and Nuisance The type approval system is divided into two systems. 
One is the type designation system for vehicles produced Research Institute, Ministry of Transport 
and sold on a mass-production and uniform basis. The 

HARUO OMORI other is the type notification system for motor vehicles 
Engineering Division, Road Transport other than the above mass-production motor vehicles. 

Bureau In addition to the above two types of approval systems 

KAZUSHIGE DAIKI for the motor vehicles as a whole, there is also the type 

Environmental Pollution Control Division, approval system for devices of motor vehicles to ensure 
that the inspection is conducted efficiently. 

Road Transport Bureau 
KAZUYOSHI MATSUMOTO                Type Designation System 

Transport Department, 
Okinawa Development The type designation system is a system under Article 

Agency Prime Minister’s Office, Okinawa 75 of the Road Vehicles Act which reads as follows: 

Part 4: Type Approval System of Motor Road Vehicles Act (extract) 
Vehicles 

Article 75 (Type Designation of Motor Vehi- 
Outline of Type Approval System of Motor cles) 
Vehicles 

(1) The Minister for Transport shall designate a motor 
vehicle as to the type upon receipt of application for In Japan, before new types of motor vehicles are man- 

....... ufa~tured or sold, examination is conducted on each type the purpose of promotion of the safety of motor ve- 

..... of motor vehicle to determine whether it conforms to the hicles. 

safety requirements and antipollution standards as ex- (2) The type designation provided for in the preceding 

plained in previous issues. It is carried out as a part of paragraph shall be effected by judging whether the 

the motor vehicle inspection system under the Road Ve- motor vehicle concerned conforms to the Safety Reg- 

hides Act in order that the insPection of new types of ulations, and besides, whether it has uniformity. 

vehicles may be conducted accurately by a limited number (3) Any person submitting the application provided for 

of persons on many items in a short period of time. in paragraph 1 shall, in the case where he alienates 

Particulars of the motor vehicle inspection system will be the motor vehicle of the designated type, inspe~ct 

explained on another occasion, but the outline of the type whether the motor vehicle concerned conforms to the 

approval system is as follows: Safety Regulations, and when he judges that the ve- 

hicle conforms thereto, he sha~ issue a termination In Japan, every motor vehicle is obliged to undergo an 
inspection conducted by the Ministry of Transport. Only certificate of completion insl:cction and deliver it to 

motor vehicles which, as a result of the inspection, con- the alienee. 

form with the Safety Regulations for Road Vehicles are (4) The Minister for Transport may, when the motor 

allowed to be operated on the roads. The inspection is, vehicle of the designated type has ceased to conform 

in principle, carried out before the motor vehicles are first to the Safety Regulations or has ceased to have uni- 

used on roads and at the time when effective term of formity, cancel the designation thereof. In this case, 

motor vehicle inspection certificate expires on the motor the Minister for Transport may 1Lmit the effective 

vehicles submitted to the District Land Transport Offices scope of the cancellation as to the motor vehicles 

located throughout Japan. However, it would be impos- which have been manufactured up until the day of 

sible to carry out a detailed technical inspection on all cancellation. 

items under the Safety Regulations of Road Vehicles on In this system, as provided for in Paragraph 2, it is 
each motor vehicle at the time of such inspection. There- required that the motor vehicte concerned not only con- 
fore, the type approval system of motor vehicles is estab- form to the Safety Regulations, but also that it have 
lished, under which the inspection of each type of motor uniformity. Furthermore, as provided for in Paragraph 
vehicle is carded out collectively by the Road Transport 3, the system obligates the applicant to conduct the com- 

pletion inspection on each type-designated motor vehicle 
* Received 7th July 1981. and to deliver the termination certificate of completion 
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<,rid of Motor vehfde ,nspeOion for 

Road T~ansport | Supervision I 
Bureau at Mnsir~, Type 

~             
for 

l Conducted each 

O~ Transpo~ Examination ~’ designation manufacturers l Land Transport 

AccePta~ce and of documents I 
Ii 

Office 

dec s~o~ o{ W~e 
I 

Completion 
I 

app o~a T~,~e , ,j 
JConfirmat;on 

Ge~e o Forwarding I Initial 

manaae~ent o ~ ,, Tyae type approval inspection 
~ond ranspor Type ’ notfcaton ~ data to Land "’ (Presentation 
0 ce notdicaflon Transpod J of motor ~ 

Offices l vehicle and 

j documents) 

:oMo~ o j T~e of apt)~caton ~j documents ~ 

ear~ ’,pe ,~ ~ 

~ -~ot~<aton~ 

{o type nottcaton !/to, rema n ng ~ems 

Figure 1. Flow eha# of ~ approval and initial inspection, 

i~s~tion, so that the applicant is required to provide a from application under the type designation system or 

system, facility and staffs to conduct the above inspection, the type notification system and the type designation or 

Under the above conditions, there is an adcantage that notification upon inspection to initial inspection and reg- 

as to type-designated motor vehicles, if the termination istration of each motor vehicle. After the application is 

ce~fcate of completion inspection is preseated at time received by the Road Transport Bureau of the Ministry 

of ini~ inspection at the land transport otfice, presen- of Transport, a technical examination is made by the 

tation of the motor vehicle concerned can be omitted. Automobile Type Approval Test Division, Traffic Safety 

(A~’a~cle 59 paragaph 4 of the Road Vehicl~ Act). and Nuisance Research Institute of the Ministry. Fur- 

"Dae application procedures under this type designation thermore, examination of the system for conducting qual- 

system, standards of completion inspection, form of ter- ity control and completion inspection is carried out by 

ruination certificate completion inspection, report on the Road Transport Bureau. On the basis of these results, 

change, measures on defects caused by design or pro- the type will be designated. 

duction process are provided by the Type Designation Incidentally, most of domestic passenger motor vehi- 

Regulations for Motor Vehicles (M~stry of Transport eles, small-sized trucks and buses have obtained desig- 

Ordinance No. 85 of 1951) and the particulars are pro- nation of type. Two types of imported motor vehicles 

vided by the Enforcement Procedure for Motor Vehicle were given designation of type in August 1981 for the 

Type Designation (Jisha No, 87 and Jisei No. 37 Circulars first time in recent years. 

of I970), etc. In this system, even after the designation 
is ebbed, inspection of the manuf-aeturer will be con- 
ducted on the uniformity of the type.designated motor Type Notification System 
vehicles, conformity to the Safety Regulatiens, situation The type notification system comes under the Handling 

of completion inspection, etc. Procedure for Motor Vehicle Type Not~cation (Jisha No. 

For your reference, Figure 1 shows the flew of process 375 and Jisei No. 86 Circulars of June 12, 1970). This 
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system obliges a manufacturer of motor vehicles or a applies. Prior to application, the applicants must prepare 
person who has a sales contract with the manufacturer data showing conformity to the noise standards set down 
to notify the type with the Minister for Transport before in Article 30 of the Safety Regulations for Road Vehicles 
he manufactures or sells new type motor vehicles, to carry (as to motor vehicles for which type notification has been 
out a detailed examination as to whether the motor ve- filed, the value so notified can be used). (Circular "Pro- 
hicles notified conform to the collective Safety Regula- cedures for Type Approval of Motor Vehicles on Noise" 
tions of the Road Transport Bureau of the Ministry of (Jiko No. 162-2 of 1975)). Then, upon examination of 
Transport and the Automobile Type Approval Test Di- documents, the type approval on noise will be given. At 
vision of the Traffic Safety and Nuisance Research In- present, some domestic motor vehicles and almost all 
stitute and to inform the result of inspection to the land imported motor vehicles are using this system. 
transport offices throughout Japan together with relevant 
materials. Under this system, different from the type des- 
ignation system, the initial inspection at the land transport Type approval of exhaust emission control 
office is conducted on motor vehicles submitted. However, devices: 
since the result of the examination has already been sent 
to the land transport office together with the materials, This is a system to issue type approval for each device 

it is possible to simplify the inspection to confirmation (exhaust emission control device) to reduce the exhaust 

of uniformity of the vehicle, the content of notification emission such as carbon monoxide, etc. (CO, I-IC, NOx 

and confmriation of enforcement of the modification and/or Diesel smoke) installed on motor vehicles in order 

items in order to efficiently perform the inspection. Fur- to enforce the exhaust emission controt of new type motor 

ther, the uniformity of motor vehicles is not required vehicles as provided for in the Safety Regulations for Road 

especially and the applicant is not required to provide Vehicles. 

any system, facility and staff for conducting the comple- The application procedures are the same as those for 

tion inspection. Moreover, no inspection of the applicant type approval on noise as mentioned above, but prior to 

after the type is notified will be conducted. At the present application the applicants must prepare data showing con- 

time, type notification is made mainly on such motor formity to the exhaust emissions standards as provided 

vehicles whose production volume or number of sales per for in Article 31 of the Safety Regulations for Road Ve- 

type is small such as imported motor vehicles, large-sized hicles (as to motor vehicles for which type notification 

...... trucks, buses, etc. has been made, the value so notified can be used) and 
data concerning durability of exhaust emission control 
devices. (Handling Procedures of Type Approval for Ex- 

Type Approval System Devices for Motor haust Emission Control Devices (Jiko No. 115 of 1974))~ 

Vehicles 
Under this system, manufacturers, etc. of motor ve- 

Obligations of persons obtaining type approval: 
hicles can obtain type approval of vehicles on noise, ex- 
haust emission control devices and other safety devices Persons who obtain type approval of motor vehicles on 

in accordance with the provisions of Articles 62-3-2, 62- noise or type approval of exhaust emission control devices 

4 and 63 of the Enforcement Regulations for Road Ve- are subject to the following obligations: 

hides Act. The following is an explanation of the type A. Implementation of inspection: 
approval on noise and type approval on exhaust emission. 

As to the type approval of other devices for safety, Before transfer of motor vehicles to transferees, persons 

explanation is omitted. Hereafter, explanation wilt be who obtained the type approval must earn3" out an in- 

given on the type designation and type notification, spection as to whether the motor vehicl~ conform to the 
noise and exhaust emission standards as provided for in 
the Safety Regulations pursuant to the provisions of the 

Type approval of motor vehicles on noise: Enforcement Regulations for Road Vehicles Act. In im- 
This is a system to give type approval on each type of plementing such an inspection, it is permitted that mess- 

motor vehicle in order to carry out effectively the control uring of noise or exhaust emission for each motor vehicle 

of noise of new type motor vehicles as provided for in be replaced by sampling test or quality control through 
the Safety Regulations for Road Vehicles. test of pollution-control parts in the course of the process. 

Under the Enforcement Regulations for Road Vehicles If it is found that the motor vehicles conform to such 
Act, persons who are entitled to make an application for standards, as to noise indication will be made by attaching 
such approval are manufacturers of motor vehicles or the plates to the motor vehicles and as to exhaust emission 
sales agent of such motor vehicles. In reality, as to do, an approval certificate must be issued to the transferees. 

mestic motor vehicles, the manufacturers make such an Incidentally, if false indication or certification is made, 

application and for imported motor vehicles the importer the type approval will be cancelled. 

1011 



EXPERIMENTAL SAFETY VEHICLES 

B. Securing uniformity: (2) Use (Passenger motor vehicles, buses, trucks and spe- 

cial purpose motor vehicles). 
Under the Enforcement Regulations for Road Vehicles (3) Shape of body (in case of passenger motor vehicles: 

Act, persons who acquire the type approval must en- sedan, station-wagon, convertible, etc.) 
deavor to secure the uniformity of devices e;c. by estab- (4) Category and main construction of engine (gasoline 
fishing quality control procedures in order to guarantee engine, diesel engine, engine displacement, etc.), 
the quality of the noise prevention structures or exhaust power transmission system (rear-wheel drive, front- 
emission control devices of motor vehicles and organize wheel drive, four-wheel drive, etc.), running system 
a system to perform such procedures. If it is found out (two-axle, three-axle, etc.), wheel suspension system 
that uniformity is not secured, the type approval will be (independent suspension, rigid axle suspension, etc.) 
cancelled, and control system. 

C. Others: (5) Frame (frame type, frameless type, etc.) 

Persons who have acquired type approval rrmst estab- (6) Wheel base 

lish an inspection and maintenance proced~are and "en- 
(7) Kinds of main brake system (oil pressure, air, me- 

deavor to publicize them to the users, 
chanical, etc.) 

(8) Difference in exhaust emission standard value cleared 
(!975 standard, 1976 standard, 1978 standard, etc.) 

Type of Motor Vehicles (9) Margin of length, width, height and vehicle weight 
The motor vehicles are designated or notified by each exceeding the prescribed tolerance in the production. 

type. The type in this case means that the fundamental 
constructions and devices of vehicles are almost the same, 
and the scope whereby motor vehicles are recognized as Documents and Motor Vehicles To Be Sub, 
the same type is stipulated by the Judgment Criteria for mitted at Time of Application 
Id~tity of Type of Motor Vehicles (Jisha Circular No. 
151 of 1971). According to the Circular, if the following 
matters are different, they will be treated as variant: Documents to be submitted: 
(1) Category of motor vehicles (ordinary motor vehicles, In case of type designation, an applicant is required to 

small-sized motor vehicles, light motor vehicles, submit the following materials together with the appli- 
large-sized special motor vehicles, small-sized special cation: 
motor vehicles) classified by constructions of vehicle, a. Specifications. 
length, width, height and engine displacement put- b. External views and external photographs of motor 
suant to the provisions of Articles 1 and 2 of the vehicles. 
Enforcement Regulations for Road VehMes Act. c. Documents proving compliance with the Safety Reg- 

ulations for Road Vehicles. 
Vehicle c~assification by construction, d. Brief description of constructions and devices. 

’ Structure of motor vehicles e. Documents setting forth operational system and im- 
r 

~?_~ Width -[ Height 

I Engine dis- plementation procedures for completion inspection 

] placement and maintenance procedures of machinery and equip- 
~ ment for inspection. 

Ordinal" Motor vehicles not included in otl~er 
f. Documents setting forth operational system for the motor 

vehicles    categories inspection of devices under the Safety Regulations 

2.0£ or less and implementation procedures. Small-sized 4.7m or 1.7m or l 2.0m or (excluding 
Documents setting forth procedures for issuing ter- motor less less !less i 

g" 
vehicles ~ 

t                   Diesel engine) 

mination certificate of completion inspection. 

~i~ii~ 
----~ / 0.55~’or less h. Documents setting forth motor vehicle inspection and 

3.2m or 1.4m or / 2.0m or (0.25~orless 
motor less less less 

~two.w_.heele~ 
maintenance procedures conducted by user. 

vechicles i i i. Documents setting forth production plan and 
Large-sized’ monthly number of motor vehicles sold by the ap- 
special motor vehicles of special structure 

plicant during the past one year. 
motor (vehicles with caterpkllar track, etc.) 

I vehicles 
j. In case a person who enters into a sales contract with 

~-sized ...... ~i ~ a manufacturer of motor vehicles applies, a copy of 

1, special 4.7m or 1.7m or i 2.0m or I.:;~ or the sales contract. 

l motor less less less less In case of type notification, documents specified in 
~.ehictes ~ i i preceding Items (e), (f), (g) and (i) may be omitted. As 

Note: ~,4aximum speed of small-sized special motor vehicles is less to Item (c), documents having more detailed contents will 

than 15 km/h. be required in case of type designation. 
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Motor vehicles to be submitted: 10 are recognized as being equal to ECE Regulations and 

2 are recognized as being equal to EEC Directives, and In case of type designation, new motor vehicles and 

motor vehicles that have been subjected to long distance 13 technical standards are recognized to be equal to 

running as required must be submitted for presentation FMVSS, ECE or EEC. 
As the circulars providing in detail the test procedures in accordance with the provisions of the Announcement 

of Requirements on Durability Vehicles for Type Des- for the official examination of motor vehicles and the test 

ignation. (Ministry of Transport Announcement No. 356 procedures for preparing intra-company data, there are 

of 1969). In case of type notification, only new motor the Type Approval Test Procedures (Koshin Circular No. 

vehicles will be submitted. The number of motor vehicles 453 of 1971) (called "TRIAS’). 

to be submitted will differ according to the variety of These circulars are established and amended in con- 

construction and devices, that is, one to several vehicles sideration of the amendment to the Safety Regulations, 

in the ordinary case of type notification or some tens of appearance of new motor vehicle technology, improve- 

vehicles in case of series of type designation on large scale, ment of measuring techniques, etc. In such cases, opinions 
are sought from the parties concerned such as motor 
vehicle manufacturers and importers as the need arises, 

Judgment Criteria of Technical Examination and as to imported motor vehicles, opinions of foreign 
and Method of Testing 

motor vehicle manufacturers are sought through the 
In case application is made for type designation or type pan Automobile Importers’ Association, etc. 

notification, a technical examination will be conducted 
on documents submitted, such as the applicant’s test data, Test Items for Inspection of Submitted Motor 
etc. and on motor vehicles submitted for presentation and Vehicles 
it will be determined whether they conform to all pro- 
visions of the Safety Regulations and circulars under the Testing of motor vehicles for type approval is con- 
Regulations. As a result, it will be judged whether the ducted on the following items by using motor vehicles 
motor vehicles subject to the application conform to the submitted to the Automobile Type Approval Test 

Safety Regulations or not. The main circulars used for Division° 
judgment in the examination are as follows: 

¯ Technical standards: Test of motor vehicles for type notification (in 
These circulars stipulate deliberately the appli- case of passenger motor vehicles): 
cation scope on the content, test method, re- ¯ Measurement of specification weight 
quirement, etc. in case the provisions of the ¯ Confirmation of construction, devices and function 
Safety Regulations do not specify concrete re- ¯ Front wheel alignment test 
quirements. As of March 1981, there were 23 . Braking test 
standards in total. ¯ Noise test (steady rum,Jng noise level test, accelerated 

¯ Type Approval Testing Standards (Jisha No. 626 and        running noise level test, exhaust emission noise) 

Koshin No. 531 Circular of 1972):                     ¯ Exhaust emission test 10-mode (Note 1) and t 1-mc~le 
This circular stipulates more concretely neces- test (Note 1) of gasoline-fueled motor vehicles and 
sary parts to be tested in order to determine fuel evaporation gas test (Note 1) and 6-mode test 
whether motor vehicles of a new type conform of Diesel-powered motor vehicles and Diesel engine 
to the Safety Regulations. smoke test 

¯ Motor Vehicle Inspection Procedures (Jisha Circular . Heat-damage test (Note 1) 
No. 880 of 1961): ¯ Lighting device (headlamp, number plate lamp, 

This circular sets forth the standards for de- backup light, auxiliary headlmnap) test and rear,view 
termining reasonably and efficiently whether mirror visibility test 
motor vehicles including new type vehicles con- ¯ Test of speed warning devices 
form to the Safety Regulations at the time when ¯ Test of brake fluid leakage warning devices 
the inspection is conducted. ¯ Horn sound level test 

In the meantime, as to the technical standards, in con- 
ducting tests relating to the type notification of imported 

Test of motor vehicles for type designation (in 
motor vehicles, the following procedure is established. 
That is to say, if they are proved to conform to the foreign 

case of passenger motor vehicles): 

standards which are deemed to be equal to or more strin- In addition to the test items of motor vehicles for type 
gent than Japanese technical standards by prescribed doc- notification as set forth in Item (1), tests will be conducted 
uments, they are recognized as conforming to the on the following items: 
Japanese technical standards. Eleven technical standards ¯ Specification measurement 
are presently recognized as being equal to FMVSS, o Engine load test 
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o 10~mode fuel economy test of gasoline~fl~eled motor f. Heat damage test for motor vehicles with exhaust 

vehicles (Note 2) emission control devices 

o Service brake/parking brake systems effciency test The foreign offcial test organs recognized by the Jap- 

o Various impact and strength tests such as steering anese Government are the following six organs of four 

impact test countries 

~ Windshield washing system test (1) France: 
Moreover, as to construction and de’Ace perfo::mance con, Union Technique de l’Automobile du Motocycle 

firmation and exhaust emission test (in case of gasoline- et du Cycle 

fueled motor vehicles), for the type designation, tests are (Test to be entrusted: All of the above six items.) 
also conducted on motor vehicles which haw=. run a long (2) Federal Republic of Germany: 
distance. Rheinsch-West fiilischer Technischer t)-berwa- 

(Note 1) In case of type notification of imported motor chungs-Verein e.V. 

vehicles whose annual number imported is 1200 (Test to be entrusted: Items a, c, d, e and f) 
or less, no test is carried out, but it is necessary Technischer ~]berwachungs-Verein Bayern e.V. 

to attach the test data by the Japan Automobile (Test to be entrusted: Item b) 

Transportation Technique Association as the (3) United Kingdom: 

offcial test institution in Japan to the appli- Vehicle Engineering and Type Approval Centre, 

cation. Department of Transport 

(Note 2) ~Fne test is carried out under the Rationalization          (Tests to be entrusted: All of the above six items.) 
of Energy Consumption Act.                      (4) Italy: 

Centre Superiore Ricerche e Prove Autoveicoli e 
Dispositive, di Roma Ministero dei Trasporti 

(Tests to be entrusted: Items a and b) 
Special Treatment of Test of Imported Motor Centre Prove Autoveicoli di Torino Ministero dei 
Vehicles Trasporti 

As to the type r~otification of imported passenger motor (Tests to be entrusted: Items c, d, e and f) 

vehicles, at the request of foreign countries which are 
exporting motor vehicles to Japan and from the viewpoint implementation of preliminary test: 
of geographical disadvantages and mutual benefits, fa- 

This system is, at the request of the applicant, to carry vorable measures for carrying out actual tests are pro- 
vided. One such measure is the use of test results of foreign out the test of motor vehicles on all items normally im- 

offcial test organs and the other is the implementation plemented at the Automobile Type Approval Test Di- 

of a preliminary" test. Through the use of these systems, vision by dispatching motor vehicle inspectors to overseas 

the number of days required to test imported passenger motor vehicle manufacturers prior to the application for 

motor vehicles is shortened as much as possible and on type notification. Correctly observed, this system renders 

average, the number of days is considerably t.ess than that it unnecessary to bring the motor vehicle concerned for 
test in Japan. Furthermore, since there is a tendency for for domestic motor vehicles, 
applications of notification of imported motor vehicles to 
be concentrated in the autumn, if the ordinary procedures 

Use of test results of foreign official test are taken the tests in this season may tend to be delayed. 
organs: This system, on the other hand, makes it possible to 

This system is, in the case where a foreigr government handle a great number of types at one time efficiently. 

or offcial automobile test organ which is recognized by This system has been in effect since 1977, when the nee- 

the Japanese Government carries out tests on the follow- essary budgetary allocation for dispatch overseas of in- 

ing six items under the Japanese test meth~t and the test specters was made. The overseas motor vehicle 

results are attached to the application together with the manufacturers for whom the preliminary type approval 

certificate, to use such results and has been operated since test had been carried out up until 1980 were as follows: 

1977: United States of America: 

a. Braking ~est General Motors Co., Ford Motor Co., Chrysler Co. 

b. Noise test Federal Republic of Germany: 

c. 10-mode exhaust emission test for gasoline-fueled me- Volkswagenwerk AG, Audi NSU, Auto Union AG, 

tot ve~cles Ford Motor Co. 

d. 11-mode exhaust emission test for gasoline-fueled me- England: .... 

tot vehicles Rolls-Royce Motors Ltd., British Leyland Ltd. 

e. Fuel evaporative emission test for gasoline-fueled me- Sweden: 

tot vehicles Volvo Car Co. 
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Table 1. Ratio of type-notified imported motor vehicles Brake test, noise test, road load measurement for 
using preliminary test. exhaust emission test, speed warning device test, steer- 

(Unit: %) ing stability test, etc. 

......... Year 1977 1978 1979 1980 b. Motor vehicle confirmation laboratory: 

Ratio of U.S. 35 48 56 59 (Main facilities) Surface plate (14m × 4m made of 
cast-iron, 13m X 7m made of concrete); side-slip number Europe 20 16 14 34 

of tested tester, brake tester, speedometer tester, headlight 

types Total 29 34 29 47 tester, pit 

Ratio of U.S. 33 52 66 65 (Main test items) Test for confirmation of construc- 
tion, devices and functions, specification measure- number Europe 40 23 25 48 

of tested ment, etc. 

vehicles Total 36 38 40 57 c. Measurement test laboratory: 
(Main facilities) Weight-meter, brake tester, crane 
(Main test items) Weight measurement, braking ef- 
ficiency test, etc. 

............. d. Exhaust emission test laboratory and fuel economy 
....... The preliminary test occupies an important position in and large-sized motor vehicle exhaust emission test 

the test of imported motor vehicles. As shown in Table laboratory: 
1, from 1977 to 1979, on average, approx. 30% of tested (Main facilities) 6 chassis-dynamometers (DC type or 
types and approx. 40% of tested number of motor vehicles EC type; Absorption power: 110 ~ 220kw, diameter 
and in 1980 approx. 50% of the tested types and approx, of roller: 1,590mm, maximum equivalent inertia 

....... 60% of the tested number of motor vehicles were dealt weight: 3,500kg (25kg interval) ~ 7,000kg (125kg 
with by the preliminary test. interval), 6 vehicle speed proportional blowers (max- 

Incidentally, the preliminary test is rendered even more 
imum airflow: 1,680 ~ 3,900 mZ/min; maximum air 

efficient when combined with the system of using the test speed: 80 ~ log km/h); 7 exhaust emission analyzers 
results of foreign official test organs, described in Para- (5 sets for gasoline-fueled motor vehicles and 2 sets 
graph (1), for Diesel-powered motor vehicles); 5 CVS devices (2 

PDP type units and 3 CFV type units) 

(Main test items) 10-mode and 11-mode exhaust emis- 
Test Facilities sign test for gasoline-fueled motor vehicles, fuel evap- 

The main facilities owned by the Automobile Type orative emission test, 10-mode fuel economy test for 
~ 

Approval Test Division for implementation of the type gasoline-fueled motor vehicles, 6-mode exhaust emis- 

approval test of motor vehicles are as follows: sign test for Diesel-powered motor vehicles, Diesel 
smoke test, 6-mode exhaust emission test of gasoline- 
fueled motor vehicles. 

Kumagaya Proving Ground: 

The construction of a proving ground for motor vehicle 
type approval test was commenced at Kumagaya City, 
Saitama Prefecture in 1976 for the purpose of strength- 
ening the test system in conjunction with the regulations 
for safety and antip011ution of motor vehicles which were 
made more strict and partly because no further expansion 
of the headquarters facilities in Mitaka District was pos- 
sible. The proving ground covers an area of approx. 
240,000 square meters part of which has been in use since 
1978, and at present facilities are still being constructed 
one after another. The total amount expended for the test 
facilities up to 1981 was approx. 10 billion yen. The 
facilities presently being used are as follows: 

a. Test course: 
(Specifications) Total length: 1,350 meters; width of 

direct line course: 50 meters (maximum); 25 meters 
(minimum), asphalt-paved road, durable load: 40 tons 
(100 kin/h); brake test course (21m X 100m; paved 

with reinforced-concrete). Figure 2. General view of Kumagaya District Motor Vehicle 
(Main test items) Proving Ground and neighboring area. 
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" j, ....... ~ ............ ~ ............. they are changed, it will be considered as constituting a 
.......................... ~ .................................... ity ........................ ~ ............... ~, ............... change in the uniform . 

(iii) Overall quality guarantee system: 

Assignment of works and relationship of the respective 
divisions from product planning to development, approval 
of trial production of merchandise, trial production, ex- 

...................................................... ’,2~-_.. -~iiii ................ ~ ................... _.Y.~ periment, evaluation, secondary trial production, evalu- 

ation, determination of commercial production, 
Figure 3. General drawing of Kumagaya Distr ct Motor Ve- 

arrangement of parts, preparation of test procedures, ap- hicle Proving Ground. 
plication, commencement of production, feedback com- 
plaints in market, etc. 

Mitaka District Headquarters Facilities: (iv) Warranty of parts manufactured by sub-contractors: 

The facJ~ties of MJtaka District Headquarters have Assessment method of qt~ity warranty system of sub- 
~n used since 1970 and include, in addition to an ad- contractors, check of delivered quality (relationship of 
m_inistrative building, exhaust emission test facilities (4 shipping test among sub-contractors and acceptance test 
chass~-dynamometers), constructions and devices confir- by motor vehicle manufacturers), communication system 
marion facilities, and other facilities for specification and disposition method of defects, whether a system is 
weight and size measurement equipment, etc. The Mitaka well arranged so that changes in process and materials 
District Headquarters also has the heat damage test fa- of sub-contractors are made correctly and accurately, and 
c~ties (one unit chassis-dynamometer and vehicle speed so on. 
comparative blower), lighting equipment (head-lamp, 
etc.) t~t facilities and maximum inclination angle stability (v) Quality warranty and completed inspection of intra- 

test facilities, manufactured parts anti,sub-assembly: 

Test items and test procedures as sub-assembly in the 

Test and inspection on Uniformity, etc. of Mo- course of processing and assembly. Items and procedures 

tot Vehicles ,or Type Designation of completion inspection, layout of test places, disposition 
of personnel, training of assembly workers and inspection 

Reqorements for type designation are~ as stated in workers, administration of initial products and outbreak 
S~tion 2, uniformity of motor vehicles, implementation of sub-standard products, terms and conditions for sus- 
of completion inspection and delivery of termination cer- pension of shipment, maintenance and management pro- 
t~cate of completion inspection in addition to their con- cedures of test equipment, etc. 
fortuity to the Sa£ety Regulations. Explanation will be 
made on the examination at time of application of these (vi) Others: 

requirements and inspection of the manufacturer’s facil- Sampling inspection of completed motor vehicles car- 
ities after the designation as below, ried out for quality control (measurement of specifica- 

tions, 10- and l 1-mode exhaust emission test, etc., not 

Examination o� time of application: included in items of completion test.) 

At t~e of application, the examination including hear- 
On-the-spot inspection of manufacture after 
designation: 

Ministry of Transport officials make on-the-spot in- 
specfion regularly of the designated motor vehicle man- 
ufacturers pursuant to the provisions of Article 100 of 
the Road Vehicles Act. The object of the inspection is to 
make on-the-spot inspection on the quality control of the 

(fi) Spec~cation table: 
type designated motor vehicles and on the points recog- 
nized as improper as a result of the inspection, guidance 

If there fu,-ises any change in the specifi~ti0n table of such as recommendation for improvement, etc. will be 
motor vehicles which have obtained type deaignation, no given. If the motor vehicles lose their uniformity or do 

motor vehicles after such change will ~ sold as type not conform to the Safety Regulations, disposition to 
desiglmted motor vehicles without ob~g disposition cancel the designation will be made. On-the-spot inspec- 

of approval of such change separately. The same shall tions will be made of more than 50 factories every year 

apply to the exterior drawings of the motor vehicles. If to inspect the following matters: 
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Figure 4. Number of notifications on defective motor vehi.cles and number of affected motor vehicles. 

(i) Inspection of documents: o Inspection process (implementation of procedures 

Situation of implementation of matters in Paragraph 
from acceptance test to completion test of parts, 
and to sampling test of completed motor vehicles, 

(1), (i) to (vi), completion of detailed application rules, filing and collection of test records, maintenance 
records of various tests, records of sub-standard products, 

and management of machinery and equipment for 
and record of training, inspection, such as regular tests) 
(ii) Plant inspection: o Stamping of chassis numbers and engine types and 

issue of termination certificate of completion in- 
Inspection will be made on the following items: 

spection (prevention of erroneous stamping and oc- 
o Production plan and procedures for issuing pro- 

currence of missing numbers, disposition of such 
duction directives, procedures for parts control 

incidents, etc.) 
(storing place and giving advice to carry parts near ¯ Sampling of completed motor vehicles: 
production line) and procedures for changing pro- 

Sampling will be made from among motor vehicles 
duction methods when the order of production 

which have passed completion inspection for static 
process is changed. 

o Process control (process standard, work standard 
test to confirm the quality. 

and arrangement of sub-standard products dispo- 
sition system) Recall System 

~ Precision control (change of cutting tools, ration- 
alization of workers’ placement, method of re- In the type designation, Articte 13 of the Type Des- 

covering from work delay (placement of new ignation Regulations for Motor Vehicles under Article 75 

workers, mistake in assembly work, parts shortage, paragraph 4 of the Road Vehicles Act provides that if a 

etc.) placement of standard samples, model sam- manufacturer of type-designated motor vehicles finds that 

pies, etc. the construction, devices or performance of certain tyt~o 
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Table 2. Record of recalls relating to safety (100,000 or more affected motor vehicles). 

Date of                               Number of affected Category and use                                   Condition of defect and its cause 
notification                               motor vel~icles 

1977 Small-sized 142,119 Danger of carburetor screw coming 

Passenger car off and throttle not returning 

1977 Small-sized 146,932 Weak carburetor cap which may cause 

Passenger car leakage of fuel from the defective part. 

1977 Ordinary and 300,147 A part of fuel hose is easily damaged 

Small-sized by fuel, which may cause fuel leakage 

Passenger car from the hose. 

t 977 Motorcycle 178,087 Dange, r of opening lever of fuel tank 
cap being accidentally touched by 
human body, which may cause 

opening of the cap. 

1980 Light Truck 178,354 1. Steering devices: 
Nut of connecting metal of steering 
wheel axis can come loose, leading 

to possible loss of control 

2. Electrical devices: 
Contact with engine body will 
damage the wiring cover of electri- 

cal wiring, which may cause 

TaNe 3. Records of recalls relating to pollution (total number). 

Number of affected 
Year         Category and use                                       Condition of defect and its cause 

motor vehicles 

1974 Ordinary 30 Defective temperature control valve 

Passenger car of EGR devices may cause an increase 
in NOx emission. 

1976 OrdLnary 25 Circulation of some pipes of devices 

Passenger car for controlling fuel evaporating gas 
are defective which may cause 

sufficient performance of the devices. 

1976 Ordinary 403 Defective connection of vacuum hose 
Passenger car of EGR devices may cause damage to 

hose. 

t 977 Small-sized and 388,758 Insufficient strength of BPT (back 

Ordinary pressure transducer) valve of EGR de- 
Passenger car vices will cause defective operation of 

valve and may increase NOx emission. 

1977 Small-sized 899,248 Insufficient heat resistance of 
Passenger car temperature-sensor switch used in 

ignition-time control devices may 

damage the switch. 

1978 Small-sized and 426,593 Insufficient strength of BPT valve of 

Ordinary EGR devices may cause defective 
Passenger car operation of valve and an increase 

of NOx emission. 
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Table 4. Record of recalls relating to tires (total number), facturers. According to the figures by devices, the largest 
~ ’ number of recalls out of the total number of recalls until 

Year I Quantity ! Condition of defect and its cause 
1 March 1980 concerned brake devices accounting for up- 

...... 1970 

i 

584 

i 

Larger-size tubes were inserted prox. 25%. They were followed by engines with approx. 
.... ~ into tires by mistake, which may 19%, steering devices with approx. 16% in that order, 

cause puncture, these three devices accounting for approx. 60% of all 
1976 627 Defective materials, which may recalls. 

lead to puncture. Examples of recalls made recently are shown in Table 
1976 459 Ditto 2, Table 3 and Table 4 classified by safety, pollution and 

1978 20 Ditto tire recall groups. 

The completion of recalls carried out under the fore- 1978 16,000 Based on reports from over- 
seas fire manufacturers, 

going system has been approx. 94% on average since 1969. 
This figure includes recalls of motor vehicles whose in- 
spection and registration is not mandatory (motor driven 
cycles, etc.). Accordingly, the figures excluding the above 
vehicles indicate that the recall completion rate is nearly 
100% in Japan, 

designated motor vehicles are not in compliance with the 
requirements of the Safety Regulations for Road Vehicles 
or there is a possibility that they do not conform to such 
requirements, and when he recognizes the cause is derived Legal System of dapan on 
from the design or production process, he shall report l otor Vehicles* 
the following items to the Minister for Transport: 

(1) Situation of the defect and its cause. HIDEMI TOZAWA 
(2) Measures for improvement. 

Inspection and Safety Division, Road 
(3) Measures to inform the defect to the users and motor 

vehicle repair business operators. Transport Bureau, Ministry of Transport, 
............. As to the measures for improvement, the State (Min- Tokyo 

ister for Transport) may direct the alteration and request HIDEYUKI KADONO 
that the situation concerning implementation of improve- Registry Division 
ment measures be reported to the State. After the report, 
the person who obtained the designation shall recall the Part 5: Motor Vehicle Inspection and 
motor vehicle concerned by issuing public notice and Registration System 
conduct the repair to the motor vehicle concerned free 
of charge. These measures are usually taken by sending 
direct mail circulars to the users and by inserting a notice MOTOR VEHICLE INSPECTION SYSTEM 
in periodicals of the association of motor vehicle disas, 

sembling repair business operators (Federation of Japan In Japan, there were approximately 40 million motor 

Associations of Automobile Repair and Maintenance). vehicles as of the end of September, 198t and motor 

The State will also make notification through the mass vehicles are now indispensable for economic activities and 

media. Even on type-notified motor vehicles, the same improving the people’s living standards. On the other 

procedures must be taken under the Handling Procedures hand, there have arisen such serious social problems as 

for Motor Vehicle Type Notification. This recall system traffic accidents, and environmental pollution caused by 

was established as a part of the type approval system in exhaust gas, noise, etc. Therefore, there is now a strong 

1969. need to ensure safety and prevent environmental pollution 

The number of recall cases in Japan are shown in Figure and various countermeasures are being taken. The in- 

4. spection of motor vehicles also plays an important role 

These statistics include recalls of motor vehicles each as one of measures to solve these problems. 

of which obtained type approval and motor vehicles not That is, all motor vehicles are obliged to undergo an 

subject to the motor vehicle inspection such as motor- inspection conducted by the Government under the Road 

driven cycles, etc. The number of subject motor vehicles Vehicles Act. This inspection is to check whether motor 

includes those hatended for export from Japan. Guidance vehicles conform to the Safety Regulations for Road Ve- 

is also given to exported motor vehicles to ensure recall hicles (Ministry of Transport Ordinance No. 67 of 1951). 

whether there exists such a recall system or not in the The Safety Regulations for Road Vehicles are established 

country concerned. Even recall of parts and devices such 
as tires, etc. is made through the motor vehicle manu- * Received 13th October, 1981. 

1019 



EXPERIMENTAL SAFETY VEHICLES 

on the structures and devices of motor vehicles for the (4) Recommendation of Council for Transport Technics 

puri>ose of securing the safety of motor vehicles and pre- In January 1982, the Council for Transport Technics 
venting pollution. Unless it is confirmed through this made a recommendation to the Minister for Transport 
inspection that motor vehicles conform to the Safety Reg- regarding the inspection of passenger motor vehicles. The 
ulations riot Road Vehicles, no motor vehicle is permitted Council recommended that the effective term of inspec- 
to be operated on Japan’s roads, tion certificate for new passenger motor vehicles be ex- 

tended from two years to three years. In accordance with 

History of Inspection System this recommendation, the Ministry of Transport expects 
to amend the Road Vehicles Act Soon. 

It was in !919 that the inspection of motor vehicles 
was commenced in Japan. Before that year, the inspection 
of motor vehicles was conducted locally, but henceforth Kinds of Inspection 
it was carried out on a nationwide basis. At the time, the The inspection of motor vehicles is divided into three 
number of motor vehicles was very small being approx, major phases. They are the initial inspection which must 
7,~ and contents of inspection were simple compared be conducted when a motor vehicle is operated for the 
with those nowadays. When the Road Vehicles Act was first time, continuation inspection which the vehicle must 
promulgated in 1951, the present legal system concerning undergo every one or two years and modification inspec- 
the inspection was established. Thereafter, several amend- tion of which must be conducted whenever a major 
merits relating to the inspection of motor vehicles were teration or improvement is made. The record of the 
made, including the following major items: number of various inspections conducted is shown in 

(1) 1952 Amendment Table 1 below: 

Up unti! this time, the effective term of the inspection (1) Initial inspection (Article 59 of the Road Vehicles 
of motor vehicles was a uniform one year, but it was Act): 
altered to 9 months for buses and taxis, one year for 
trucks and two years for other motor vehicles, respec- 

This inspection is to be performed when a motor vehicle 
is operated for the first time or when a motor vehicle 

tively, 
whose registration was cancelled because it was not in- 

(2) 1963 Amendment tended to be used for a long period is to be used again, 

a. A system of designated motor vehicle maintenance etc. The inspection is performed by submitting the motor 

business was established, under which the Govern- vehicle to the Land Transport Offices in the prefectures, 

merit designates maintenance business entrepreneurs but new motor vehicles of which the manufacturer of the 

who have good equipment, technology and man- motor vehicles has obtained the type designation issued 

agement organization and the inspection equipment by the Minister for Transport are exempted from sub- 

of the same level as the Government. Such estab- mitring the motor vehicles to the office, by presentation 

lishments are entrusted with part of the adminis- of the certificate of completion inspection. In case a motor 

trative work of inspection otherwise conducted by vehicle has passed the inspection and completed registra- 

the Government. (For details of the system of des- tion, a motor vehicle inspection certificate and licence 

ignated motor vehicle maintenance business, please plate are issued. No motor vehicle may be operated with- 

refer to the maintenance of motor vehicles to be out a motor vehicle inspection certificate. 

published in the later installment.) (2) Continuation inspection (Article 62 of the Road Ve- 
b. The effective inspection term for buses and taxis was hicles Act): 

extended to one year and that for motor vehicles 
whose passenger capacity is 11 persons or more, This inspection is conducted on motor vehicles which 

schoot buses, rental cars and motor vehicles for pri- are registered upon initial inspection, and is performed 

rate use which have been used for more than !0 at regular intervals thereafter. The inspection is made by 

years was shortened to one year. submitting the motor vehicle to the Land Transport Of- 
rice, but as for a motor vehicle which is handled by a 

(3) 1973 Amendment designated maintenance business entrepreneur, it is ex- 

It was determined to conduct an inspection on light empt from the inspection if a certificate showing that the 

motor vehicles including four-wheelers with displacement motor vehicle conforms to the Safety Regulations is sub- 

of 0.55 ~ or below as well as other motor vehicles and mitted. 

the effective term was fixed as two years. Then, the or- (3) Modification inspection (Article 67 of the Road Ve- 
ganization to conduct the inspection is the Light Motor hicles Act): 
Vehicle Inspection Association as a Government-recog- 
nized corporation and contents of inspection are almost This inspection is to check whether a motor vehicle 

the same as that conducted by the Government. conforms to the Safety Regulations in case it is altered 
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Table 1. Number of inspected motor vehicles. 

(Unit: 1,000 vebJcles) 

I Fiscal year 
1965 1970 I 1975 1980 

Items                             -.-._.__......~. 

Number of motor vehicles submitted for inspection       5,065     12,951    23,276    31,695 

Continuation inspection    Conducted by 
Government 2,198 4,159 5,147 6,121 

Conducted by designated 

maintenance business 306 1,641 5,666 8,880 

Sub-total 2,504 5,800 10,813 15,001 

Initial inspection Conducted by 

Government 772 1,161 1,191 1,448 

Type designation 1,000 2,610 3,321 3,588 
Sub-total 1,772 3,771 4,512 5,036 

Modification inspection 44 57 46 40 

Number of vehicles which did not pass the inspection 
555 747 960 1,046 conducted by Government 

Total number of inspected motor vehicles 4,875 10,375 16,331 21,123 

......... or improved substantially. Alterations which require this Inspection Facilities 
....... inspection are as follows: 

There were 83 inspection centers throughout Japan as 
¯ Alteration of length, width or height of April 198t. This means one inspection facility for ap- 
¯ Alteration of shape of body (for instance: Alteration prox. 300,000 motor vehicles which are subject to in- 

of truck to tank car) spection. The inspection center is divided into two: 
. Change of engine to another type engine inspection line which conducts the inspection of motor 
o Alteration of kind of fuel 
o Alteration of passenger capacity or maximum load- 

ing capacity Table 2. Effective terms of inspection. 

Effective 
Effective Term of Inspection Categories of motor vebJcles term of 

When a motor vehicle has been determined as con- inspection 

forming to the Safety Regulations upon inspection, a mo- Trucks 
tor vehicle inspection certificate setting forth the date of Buses 
the next inspection is issued for the motor vehicle. The Taxis 
period until the date of next inspection, that is, the ef- 

Rental cars 
fective term of inspection varies according to the cate- 

Motor vehicles for private use whose 
gories of motor vehicles, being either two years or one 

passenger capacity is 11 persons or 1 year 
year. Details are set forth in Table 2. During the term, 

more 
no inspection is required, but for the purpose of securing 

School buses 
safety, motor vehicles are subject to the periodical check- 

Passenger motor vehicles for private ing maintenance by the motor vehicle users. This must 
use which have been used for more 

be undergone every six months for motor vehicles for 
than 10 years 

private use and every month for motor vehicles for busi- 
ness use. However, it must be undergone every month Passenger motor vehicles for private 

for passenger motor vehicles for private use whose pas- use which have been used for not more 

senger capacity is 11 persons or more, large trucks for than 10 years 2 ::ears 

private use and rental cars. Motorcycles 
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~,,,,,~, o ............................ Figure 2. Ordina~ inspection course. 

Figure 1. Motor vehicle inspection center. dur~ for the ~s~tion ~e shown to the appScants. ~e 
appHc~ts’ vehicl~ undergo ins~tion a~ording to di, 

ve~cl~ ~d the offi~ where the re~stration ~d other 
r~tio~ sho~ by such ~cation devil. ~ ordin~ 

bus~ ~e h~dl~, ~ shown ~ Fibre I. ~e ~- 
~s~tion ~u~e is as shown in Fig~e 2. 

Motor ve~cl~ to ~ ~spect~, gter ~mpletion of one 
s~fion lhne ~r~ists of ~ ord~ ins~t~on ~u~, 

~l motor ve~cle hns~tion ~se, s~ification 
~sp~tion, pro~ to ~other ~s~tion in succession. 
~e d~ision whether a motor ve~cle passes the ~spcc- 

m~6~ng ~ ~d inclknation ~gle m~u~g co~e. 
~ion or not is made a~ord~g to the Safety Relations 

~e ord~ ~s~tion ~u~e ~ used to inset g~o5ne- 
for Road Ve~cl~ and a motor vehicle w~ch do~ not 

fuel~ ~d LPG-fuel~ motor ve~cl~, Di~l motor ve- 
~o~ to the Relations will ~ ordered to undergo 

hide hns~tion ~9u~e ~nducts ins~tion of D~cl mo- 
tor ve~cl~ inclu~ng smoke e~ssion t~t, the 

rep~ ~d ~nten~ ~d must ~ ~s~t~ ag~. ~� 
cau~ of re-~s~tion by de~ ~ of Ap~, 1981 are 

s~,f~tion hnsp~tion ~ur~ for m~u~g len~h, 
sho~ ~ Table 3. ~e t~e req~ed for ~s~ction, 

wei~t, e~., ~d the ~cl~ation ~gle me~u~g co~se thou~ it v~ with motor ve~cles, is approx. 15 ~utes 
for m~s~ng the smbi~ty ag~nst roHover. ~e ordina~ 

~s~tion ~n~ ~e pro~d~ with I to 8 co~s~ in the 
~n case of passenger motor ve~cles. 

The out~e of ~s~ction is ~ follows: 
~s~on offi~ ac~r~g to the n~r of motor ve- 

hJcl~ which ~e su~t to hns~tion ~ ~e j~sdiction (I) Confi~ation of identity of motor ve~cle: 

~. ~ of Ap~J, 1981, there were 266 ordina~ ~s~- ~e chassis num~r, type of en~e, etc. as set fo~h in 

t~on ~u~ ~ the ~s~tion cente~ t~oughout Jap~, the motor vc~cle impcction cc~cate is ~nfi~. 

~g approx. 120 vehicl~ ~r ~se a day, and the (2) Ex~pl~ of conten~ of insp~tion of external ap- 
humor of gove~ent Lns~tors was 1,058. peewee: 

¯ Lighting ~d att~hing condition ~d break of 

Contents of Inspection ~ghting equipment 

¯ Attac~g condition ~d break of reflectors 
~e ~s~tion ~ms ~d meth~ ~e stip~t~ in detail ¯ Bre~ of rear-view m~ors 

by laws, orde~ ~d c~cu~ notice, so in ~s s~tion , ~rat~g ~ndition of wi~rs 
o~y the outline ~J ~ d~d~d. In Jap~, motor vc- ¯ Attaching ~ndition of s~t-~Its ~d head-re, 
hicl~ ~e obHg~ to ~dergo pe~ical ch~ng main, straits 
t~, ~d motor vehicl~ w~ch ~e to be ~ns~ted ¯ We~ of tkes 
~e brought to the ~s~tion center a~er t~s pe~ical ¯ Play of brae ped~ 
ch~k~g ~nten~. ~e ins~tion is ~nducted by ¯ Play of st~ng wheel 
us~g m~e~y, eq~pment ~d test ham~er ~d 

~hrou~ obviation of external ap~ance; ’~� ~s~- (3) Contents of ~spection by me~s of mac~ne~ 

tion mac~eD" ~e au~d ~d r~ults of ~d pr~- i) Side-slip test: The motor ve~cle is made to travel 

Table 3. Causes of re-inspection by devices as of April 1981. 
Markers Power 

] 

Head Waste and other Others Engine transmis- Steerhag    Brakes    Chassis fights emissions lights sion 

Share (%) 5.8 7.5 6.3 9.7 7.8 34.6 8.1 7.5 12.7 
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in a straight line on the testing platform to meas- Table 4. Fees of inspection. 
ure the extent of side-slip. The standards are 5 

Fees for millimeters or less when running one meter.         Categories of motor vehicles 
ii) Brake test: Wheels are placed on two spline-                                            inspection 

shaped rollers and the braking force is measured Small-sized motor vehicles 
¥ 1,200 

by rotating the rollers. The circumferential speed 
(displacement: 2,000 cc or less) 

of rollers is 3 to 6 cm per second. The standards Ordinary motor vehicles 
¥1,300 

for determination are as follows: (displacement: Over 2,000 cc) 

¯ Total braking force of fight and left wheels: 

.......... 60% or more of axle load 
.......... ¯ Difference between braking force of fight ¯ Brake fluid leakage from and damage to brake 

wheels and that of left wheels: hoses and pipes 

8% or less of the axle load ¯ Looseness and damage of steering devices 

iii) Speedometer test: The wheels of the motor vehicle ¯ Water leakage from radiator 

are revolved at a fixed speed so that the motor ¯ Oil leakage from transmission 

vehicle’s speedometer indicates 40 km/h and the ° Play and distortion of propeller-shaft joint 

..... error is measured with a tester. The standards ° Oil leakage and distortion of shock-absorber 

are +4.4 - -5.2 kmih. For front-wheel-drive ° Exhaust pipe damage 

motor vehicles, a guide roller to prevent bodily . Attachment and damage of catalyst equipment 

swing of the vehicles is provided so that safe and and heat insulation plate 

correct inspection may be conducted. Moreover, 
............ in the Diesel motor vehicle inspection course, Fees for inspection 

........ free-rollers are provided in parallel with the tester 
A charge is levied for the inspection and the income in order to allow inspection of two-axle rear 

wheels of large trucks, is used to defray the cost of operating the inspection 

iv) Exhaust emission test: NDIR-type tester is used centers. Fees for inspection vary according to the category 

of motor vehicles, (See Table 4.) to measure the density of emitted carbon men- 
oxide and hydrocarbon at time of idling of engine. 
The standards are as follows: MOTOR VEHICLE REGISTRATION 
CO is 4.5% or less and HC is 1,200 ppm or less SYSTEM 
for 4-stroke-engine vehicles, 7,800 ppm or less for 
2-stroke-engine vehicles and 3,300 ppm or less Outline 
for rotary-engine vehicles. 

The registration of motor vehicles under the provisions 
As to Diesel motor vehicles, a test is conducted 

of the Road Vehicles Act (Law No. 185 of 1951) is ~ 
for smoke emission at time of no-load acceleration 

administrative requirement for the operation of motor 
and the standard is 50% or less of smoke emis- 

vehicles and a civil requirement for establishing the own- 
sion. 

ership of motor vehicles against a third party.* 
v) Headlight test: Using a condenser type tester, the 

That is to say, the registration system of motor vehicles 
bfightness and deviation of the optic axis of the has two aspects, one termed "administrative registration" 
headlights on main beam are measured. The 

which is required to ascertain the actual situation, etc. of 
standards are as follows: 

use of motor vehicles (Article 4 of the Road VehiclEs 
¯ Luminous intensity: 

Act) and the other is called "civil registration" required 
4 lights system: 12,000 cd or more 

to confer the power to set up against a third party for 
2 lights system: 15,000 cd or more 

the safety of transactions of motor vehicles (Article 5 of 
¯ Deviation of optic axis: 

the Road Vehicles Act). 
Right lamp: Up 0, down 2/100, left 2/100, 

fight 1/100 or less 
Left lamp: Up 0, down 2/100, left 2/100, The Road Vehicles Act 

fight 2/100 or less (General effect of registration) 

(4) Inspection in the pit Article 4. Motor vehicles (excluding light motor vehicles, 
The pit is generally 2.3 meters deep and provided with small-sized special motor vehicles and two,wheeled 

a table lift adjustable up or down enabling inspectors to 
make inspection in the most suitable posture. The top of ¯ The term "to set up against a third party" means that a juridical relation which 
the pit has a cover of acrylic resin and the bridge portion becomes effective between the parties is claimed a~s~ a third party. For instance, 

is provided with an air-curtain to prevent entry of exhaust if Party x assigns a motor vehicle to Party A and Party B jointly, Party B who 

has not registered the ownership so assigned cannot claim any legal ownership of 
emission to the pit. The inspection items are as followsi such motor vehicle against Party A who has registered the ownership, 
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small-sized motor vehicles; hereinafter tile same in Method of Application for Registration 
this Chapter, except Articles 29 to 32) shall not be The application for registration of a motor vehicle, in 
operated unless they have been registered in the mo- principle, is filed jointly by the person who is entitled to 
tor vehicle registration file. make the registration (the person who obtains the fight 

Article 5. The acquisition or loss of ownership of motor ¯ of ownership upon registration--normally the purchaser) 
vehicles which have registered shall not set up against and the person who is obligated to make the registration 
a third party, unless it is registered. (the person who relinquishes the fight of ownership-- 

2. The provisions in the preceding paragraph shall ordinarily the dealer) or his attorney, who appears at the 
not apply to large sized-special motor vehicles as Land Transport Office. 
provided for in the proviso of Article 2 of the Motor However, joint application is required only for the reg- 
VebJcle Mortgage Law (Law No. 187 of 1951). istration of transfer of ownership and registration of cre- 

The subject motor vehicles are ordinary motor vehicles, ation of pledge.* Application for initial registration, 

three-wheeled and four-wheeled small-sized motor vehi- registration of cancellation, etc. can be made alone by the 

cles and large-sized special motor vehicles (incLuding mo- person who is entitled to make the registration, while 

tor vehicles with caterpillars, etc.). The re~stration is registration of alteration can be made alone by the owner 

eff~ted, upon application by owners of motor vehicles, (registered owner). 

by the Minister for Transport. However, at the present 
time, under the provisions of the Road Vehicles Act En- Kinds of Registration 
forcement Order (Cabinet Order No. 254 of 1951) the 
governors of prefectures having jurisdiction over the place As to the registration of motor vehicles, there are var- 

ious registration procedures such as the initial registration where such motor vehicles are authorized to make reg- 
istration and the business is handled by the Land Trans- in case where motor vehicles which have not previously 

port Offices (including branches and sub-branches located been registered are registered, the registration of alteration 

at 80 places throughout Japan). in case where any registered matter has been altered, the 
registration of alteration in case where the ownership has 
changed, etc. However, the growth in the number of main 

Computer Registration Processing System items handled in various registration procedures is as 

As mentioned in the introduction, the postwar growth shown in Reference 2 and the contents are briefly ex- 

of the number of motor vehicles in Japan has been out- plained below: 

stranding, so that the registration business of motor ve. (Reference 2) Growth in Number of Main Items Handled 
hicles expanded and became increasingly complicated Relating to Registration 
year by year. To cope with such a tendency, tl~e Ministry 

~Fiscal I 
of Transport introduced a computer registration proc- --. year 1965 1970 1975 1980 
~sing system in March 1970 for the purpose of ration- Items 

alizing and modernizing the registration business. To Numb of 1 
handle the business accurately and speedily, the Land registered 5,017,155 112,779,069123,018,860 31,249,900 
Transport Offices throughout Japan were linked by an motor vehicles L 
on-line system to the motor vehicle registration center to Initial 

centralizedly control the registration records, of motor registration 11,747,307~ 3,693,353 
4,466,734 4,850,288 

vehicles in the motor vehicle registration file. Registration 
484,626 1,278,085 1,230,743 1,613,723 

Further, in January 1979, the Ministry of Transport of alteration 

changed the system by introducing larger and more highly Registration 
efficient computers for further rationalization of the reg- of transfer 722,559 1,607,312 2,616,0391 3,366,115 

istration business and improvement of the administrative of ownership 

service. Registration 

of cancel- 930,731 1,939,329 2,507,008 3,798,769 

lation 
[ 

(Reference I) Growth of Holding Number of Motor 
Vehicles (1) Initial registration (Article 7 of the Road Vehicles 

(Unit: 1,000 vehicles Act) 

As of the end of fiscal !955 ! 150.2 This refers to the case where motor vehicles which have 
As of the end of fiscal 1960 

~ 
340.4 not previously been registered are registered, including 

As of the end of fiscal 1965 812.3 
*This means that in case Party A lends money to Party X, in order to secure the 

As of the end of fiscz! 1970 18,919.0 repayment of such money, a motor vehicle owned by Party X can be provided 

As o f t he end o f fiscal 1975 ~ 29,143.4 as security by leaving the use of such motor vehicle to Party X. If no repayment 
As of the end of fiscal 1980 F 38,992.0 is made, the ownership of the motor vehicle will be transferred from Party X to 

Party A. 
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the case where motor vehicles whose registration has been laws and orders (Article 9 of the Order, Article 71 of the 
cancelled are registered again. The owner can use the National Tax Collection Law, etc.), registration of cor- 

motor vehicle concerned for operation upon registration rection to correct or supplement any mistake or omission 
and set up the ownership of the motor vehicle against a in the registration (Articles 25 to 28 of the Order), etc. 

third party. 
(2) Registration of alteration (Article 12 of the Road 

Vehicles Act) 
This registration is to alter the former records when 

there occurs alteration in type of motor vehicle, chassis Motor Vehicle Registration Number and Mo- 
............ number, type of engine, locality of principal place of use, tor Vehicle Registration Number Plate (Article 

....... and the owner must apply for registration of alteration 11, etc. of the Road Vehicles Act) 
within 15 days from the day when such alteration is The motor vehicle registration number specifies the 
effected, motor vehicle which has been registered for administrative 

Incidentally, the alteration of ownership comes under purpose and is determined for the motor vehicle at time 
the registration of transfer of ownership as stated below of initial registration, and the motor vehicle registration 
and is not included in the registration of alteration, number is indicated on the motor vehicle registration 

...... (3) Registration of transfer of ownership (Article 13 of number plate. 
the Law) The motor vehicle registration number is determined 

This registration is made when ownership of a motor by combining the indication of location of Land Transport 
vehicle which has been registered is changed, and the new office or its branch, classification number according to 
owner must apply for registration of transfer of ownership the category of motor vehicle, Japanese hiragana syllable 
within 15 days from the day when such transfer occurs, or capital letter of Roman alphabet and figures of four 
In case the registration is made thereby, the new owner digits or less, in this order. 
will be able to set up the ownership of the motor vehicle Moreover, the motor vehicle registration number plate 
against a third party, is not only a means to facilitate confirmation of the iden- 
(4) Registration of cancellation (Articles 15 and 16 of tity of the motor vehicle, but also a sign to show that the 

the Road Vehicles Act) motor vehicle has already been registered. Therefore, the 
There are two categories of registration of cancellation: delivery of number plates is performed by the Govern- 

.......... One is made by the owner of a registered motor vehicle ment, but it is a work requiring such discretion that it 
when the motor vehicle is lost, disassembled or no longer cannot be entrusted to the private sector. Accordingly, 
used as a motor vehicle or when the chassis of the motor under Article 25 of the Road Vehicles Act a system of 
vehicle differs unidentical from that at time of initial agents for delivery of motor vehicle registration number 
registration due to alteration within 15 days from the day plates has been created to entrust a person appointed by 
when such alteration occurs, and the other is made by the Director-General of District Land Transport Bureau 
the owner of a registered motor vehicle when he suspends having jurisdiction over his place of business with the 
use of the motor vehicle at his discretion. If registration delivery business of motor vehicle registration number 
is made of a motor vehicle which can be operated, the plates. 
motor vehicle will be handled as a mere personal property 
under civil law and cannot be used unless the initial 
registration is made again. 

(5) Registration of mortgage (Article 5 of the Motor Ve- 
hicle Mortgage Law) (Law No. 187 of 1951) Sealing of Motor Vehicle Registration Number 

A registered motor vehicle can be used for mortgage Plates (Article 11 of the Road Vehicles Act) 
and by registering the acquisition, loss or alteration of This stipulates that the owner of a registered motor 
the mortgage in the motor vehicle registration file, the vehicle must confirm that the motor vehicle conforms 
power to set up the ownership against a third party will with the motor vehicle registration number plate when 
be given. The recent trend has been toward a decline in the number plate is attached to the motor vehicle and 
use of the motor vehicle mortage system due to utilization that in order to prevent the number plate from being 
of the ownership reservation system (this means that the removed he must agree to its sealing thereof by the gov- 
ownership of the subject motor vehicle is reserved by ernor of the urban or rnral prefecture, agent for delivering 

the seller until the price is fully paid after the delivery of number plates entrusted by the governor of the urban or 

the said motor vehicle), comparative decline in the price rural prefecture, etc. (Article 11 of the Road Vehicles 

of motor vehicles, etc. Act). 
(6) Other registrations However, if the motor vehicle registration number plate 

There are also registration through commission which is lost, seal is removed and so on, the attachment of seal 
is effected by authorities in case of attachment, etc. under which becomes necessary for such reason will be con- 
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ducted by the governor of the urban or rural prefecture, (Reference 3) Holding number of motor vehicles (As of the 

~ause it is specially required to handle the matter end of October, 1981) 

strictly for the purpose of indicating the motor vehicle (Unit: vehicles) 
registration number plate setting forth the genuine motor 
vehicle registration number. Function 

Categories of motor 
Use 

Number of 

vehicles vehicles 

Temporar3, Operation and Forwarding Oper- 
Trucks Ordinary motor vehicles Private use 1,072,521 

Business use 458,706 

ation of Motor Vehicle Total 1,531,227 

Small- 4-wheeled Private use 7,078,908 

(1) Permission for temporary operation (A~ictes 34 to sized Business use 87,107 
36 of the Road Vehicles Act) motor Total 7,166,015 

In case of test ~n of a motor vehicle or forwarding of vehicles 3-wheeled Private use 10,115 
motor vehicle to be submitted for the application for initial Business use 518 

registration, initial inspection, etc. or other case of he- Total 10,633 

cessity, the Director-General of District Land Transport Trailers Private use 8,610 

Bureau, etc. may give permission for temporary operation Business use 49,803 

for an effective period not exceeding five days. Permission Total 58,413 

for temporary" operation will be given only a,,; arx excep- Light motor vehicles 4-wheeled 5,118,419 

tional measure by specifying the object and route of such 3-wheeled 1,349 

operation for the motor vehicle concerned and in case Total trucks 13,886,056 
SUCh permission iS given, the certificate of permission for Buses Ordinary motor vehicles Private use 22,383 
temporary operation will be delivered and the temporary Business use 85,490 
operation permission number plate will be loaned. Total 107,873 

A motor vehicle for which permission is given for tem- Small-sized motor Private use 119,830 
porary operation can be operated legally by anyone on vehicles Business use 3,891 

condition that it is operated according to the object and Total 123,721 

route as set ~orth in the permission for temporary oper- Total buses 231,594 

ation kept by the motor vehicle. Passenger Ordinary motor vehicles Private use 520,475 

(2) Permission for forwarding operation (Article 36-2 of motor Business use 1,608 

the Road Vehicle Act) vehicles Total 522,083 

The Director-General of District Land Transport Bu- Small-sized motor Private use 21,499,658 

reau may give permission for forwarding operation of vehicles Business use 249,551 
Total 21,749,209 

motor vehicles for the effective period not exceeding one 
year to a person who is engaged in the business of man- Light 4-wheeled motor vehicles 2,107,665 

ufacture, land forwarding or sale of motor vehicles. The Total passenger cars 24,378,957 

governor of each prefecture will deliver the certificate of Special- Ordinary motor vehicles Private use 319,689 
permission for forwarding operation in the number purpose Business use 76,643 

deemed necessary upon application and at the same time motor Total 396,332 

loan a corresponding number of forwarding; operation vehicles Small-sized motor Private use 117,947 

permission number plates. The certificate of permission vehicles Business use 4,071 

for forwarding operation will set forth the object and route To~ 122,018 

of forwarding and the effective period must not exceed Large-sized special Private use 296,586 

one month, motor vehicles Business use 3,791 

The features of the permission for forwarding operation 
Total 300,377 

compared with the permission for temporaE~ operation Total special purpose cars 818,7~7__ 

are that wl’file the former is permission for a~ individual Motor- Small-sized mopeds 510,165 

motor vebdcle ~rmission to the subject item), the latter cycles Light motorcycles 635,220 
iS permission to the operator (permission to the person). Total mopedsimotorcycles t,145,385 
Accordingly, in case of permission t’or forwarding oper- 
ation, the permission will be effective only in case where 

Grand Total i 40,460,719 

the person himself uses it. (Number of registered motor vehicles: 32,087,901) 
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Legal System of Japan (i) Motor vehicle inspection system (details were already 

on Motor Vehicles* explained in Part 5): 

For the purpose of preventing accidents due to me- 

......... JUN MASUI chanical troubles of motor vehicles, the periodical in- 
spection system is provided for motor vehicles and in 

Engineering Division order to improve such system, by creating special ac- 
Road Transport Bureau counts for motor vehicle inspection and registration since 
Ministry of Transport fiscal 1964, the inspection facilities and personnel have 
Tokyo been increased in keeping with the growth of the number 

AKIO SASAK! of motor vehicles. Furthermore, in order to make the 

Inspection and Safety Transport Division activities smooth and to cover a shortage in .the number 
of personnel, the enlargement of the designated motor 

TOS H I N O R I U RA N O vehicle repair business system (inspection system by pri, 
Radioactive Materials Safety Transport Of- vate repair shops) and rationalization of business through 
fi,ce introduction of computers are being promoted. 

Inspection and Safety Transport Division 
(ii) Motor vehicle type designation system (details were 

already explained in Part 4): 

Part 6: Motor Vehicle Accident Prevention 
New model motor vehicles must be examined before 

marketing to determine whether they conform to the 
Measures and Research System of the Safety Regulations for Road Vehicles and have uniformity 
Government of production. The motor vehicles whose type was des- 

ignated are exempted from submission of each vehicle at 

Motor Vehicle Accident Prevention Measures the time of initial inspection. In addition, supervision is 
extended for manufacturers of motor vehicles whose type 
has been designated. 

Outline of accident prevention measures In the meantime, a policy to strengthen the examination 
of motor vehicles against the problem of defective motor 

To reduce motor vehicle accidents, it is necessary to vehicles in 1969 was determined, and according to such 
adopt overall measures from various sides, and at the policy the Type Designation Regulations for Motor Ve- 
present time the Head Office for Traffic Policy of the hicles were amended. Since then, the type examination 
Cabinet as the central organ is taking various measures system has been reinforced year by year. 
for traffic safety in cooperation with the competent 

(iii) Approval system of motor vehicle maintenance and 
....... ministries. 

The Ministry of Transport is no exception. It is the 
repair business (details to be explained in Part 7): 

fundamental mission of the transportation administration In order to upgrade the maintenance and repair motor 
to ensure safety of transportation facilities, and for the vehicle maintenance and repair business, an approval sys. 
purpose of promoting motor vehicle accident prevention tern of maintenance and repair shops is employed. Since 
measures, the following measures are taken: (1) Improve- most of maintenance and repair businesses are smaller 
ment of Inspection system and Maintenance and repair enterprises, they are designated as businesses under the 
system of motor vehicles, (2) Strengthening of guidance Small and Medium Enterprise Modernization Promotion 
and supervision from the side of safety of motor vehicle Law and their modernization is being promoted. 
transportation business, (3) Establishment of regulations 

(iv) Authorization system of motor vehicle maintenance 
concerning the construction and equipment of motor ve- 

and repair mechanics (details to be explained in 
hicles and (4) Improvement of test and research system. 

The above measures are shown in Figure 1 and efforts 
Part 7): 

are exerted so that these systems work effectively and are In order to upgrade the maintenance and repair tech- 
improved by coping with changes in traffic environments niques of motor vehicles, examination of skills of motor 
and improvement of structures of motor vehicles, vehicle maintenance and repair rr~echanics and designa- 

Some of these systems and measures have been already tion of training facilities of such mechanics are made. 
explained in detail and some others will be explained in 

Number of applicants    193,019 persons 
this part or the next part. The outlines of the measures 

for the examination: (fiscal year 1979) 
will be enumerated and explained as follows: 

Number of trainhng 383 facilities 
facilities: (as of the end of 

* Received 19th April, 1982 March 1980) 
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~-- Periodical inspection system (Part 5) 
~- Motor vehicle type designation and approval system -- Motor vehicle 
| (Part 4) ~spection system 

(Road Vehicles Act)L_.     Designated maintenance and repair business system 

_ Motor (Part 5) 
vehicles 

(Part ?) 
Maintenance and ~]-’- Approval system of maintenance and repair shops 
repair business L_          Authorization system of motor vehicle malnteanace 

(Road Vehicles Act) and repair mechanics 

~ Safety Regulation for Road Vehicles (P~rts 2 and 3) 
- E,nsur~.ng of.~f.ety ~ Type approval system of safety devices (Part 4) 

oi motor vemcles 
(Road Vehicles Act) ~ Transportation measures against dangerous materials 

(including radioactive substances) (Part 6) 

(Part ?) 
Motor vehicle .___~-- Periodical inspection and maintenance system 

Motor veb.icle -- mana~;ement system[ 
accident (Road Vehicles Act) -- Maintenance and repair supercisor system 

prevention 
measures (Part 6) 

-- Investigation and 
analysis of causes 
of accidents 

-- Serious accident report system (Road Vehicles Act 
and Road Transpor- 
tation Act) 

(Part 6)          ~- Operation manager system 

~-- Operation manage- --~ Regulations of operation | ment system        I L__ Guidance and supervision of crew members 
(Road Transporta- 

- Man | tion Act etc ~ ..... Measures for transporting dangerous materials 

~ 
" .... 

(including radioactive substances) 

General traffic ........ (under the jurisdiction of National Police Agency) 
safety guidance 
(Road Traffic Law) 

--Roads -- Development and ....... (under the jurisdiction of Ministry of Construction) 
maintenance of roads 
(Road Law) 

Figure 1. Motor vehicle accident prevention measures. 

(v) Safety regulations for motor vehicles (details were inspection before driving and the periodical inspection 
already given in Parts 2 and 3): and maintenance every month or every six months. 

Under the Safety Regulations for Road Vehicles estab- (vii) Maintenance and repair supervisor system (details 

lished in 1951, the size, weight, braking system, lamps, to be explained in Part 7): 

meters, exhaust emission, noise, etc. are stipulated. These In order to ensure that the periodical inspection and 
Safety Regulations have been amended one by one ac- maintenance are conducted without fail, a person who 
cording to changes, etc. in the trat~c environment, actual uses a large number of motor vehicles is obligated to 
situation of use, etc. since their promulgation, appoint a qualified person as a maintenance and repair 

(vi) Periodical inspection and maintenance system (de- supervisor. 

tails to be explained in Part 7): Number of maintenance 232,393 persons 
and repair supervisors: (as of the end of 

The users of motor vehicles are obligated ta make daily March, 1980) 
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(viii) Others: Table 1. Place of business where operation managers are 
required. 

In addition to the above measures under the Road 

Vehicles Act, for the purpose of ensuring safety from the Kind of business Number of motor vehicles 

side of motor vehicle transportation business operators, operated 

(a) establishment of operation management system and (1) Passenger motor 

investigation and analysis of serious accidents are made vehicle transporta- 
tion business: 

under the Road Vehicles Act and the Road Transpor- 
tation Act, which will be explained in Section (2) below. Bus 1 or more 

Furthermore, safety measures for transporting danger- Taxi 5 or more 

ous materials such as gasoline, explosives, high-pressure Specific passenger 1 or more (in ease passenger 
gas, radioactive materials, etc. are adopted pursuant to and free passenger capacity is 11 persons or 

the Road Vehicles Act, etc., which will be explained in transportation more) 

Section (3) below. 5 or more (in case passenger 
capacity is not more than 
11 persons) 

Ensuring safety in motor vehicle transporta- (2) Truck transporta- 
........ tion business: tion business: 

General route 1 or more (in ease of motor 
Operation management: vehicles operating on 

specific routes) 
(i) System of operation managers: 5 or more (delivery motor 

........... The mission of motor vehicle transportation business vehicles excluding light 

....... is to transport passengers or goods safely, surely and motor vehicles) 

rapidly. From the viewpoint of public importance of me- General area 5 or more (excluding light 

tor vehicle transportation business, a responsible system motor vehicles) 

to ensure the safety of transportation must be established Specific goods 5 or more (excluding light 
and free goods motor vehicles) in the organization of the motor vehicle transportation ....... 

business. 
Accordingly, it is necessary that all business affairs 

relating to the safety of daily operations be carried out ness use on behalf of the operator. Accordingly, the op- 
by a responsible person. Furthermore, the responsible eration manager is required to perform his duties with 
person must conduct his duties at all times during the responsibility and to have sufficient specialized knowledge 
operation of motor vehicles at each place of business, and experience for disposing affairs relating to safety. 

However, sometimes it will be difficult for an operator Requirements for the operation manager as provided 
to perform operation management directly by himself for in the Transportation Regulations are having expe- 
because of the operational scale of the business, rience in any of the following items: 

For that reason, a responsible person who disposes (~) A person who has business experience of one year or 
matters relating to safety of transportation must be des- more in the operation management of motor vehicles 
ignated under the Road Transportation Act (Law No. for business use or a person who has business expe- 

..... 183 of 1951; hereinafter referred to as the "Transportation rience of three years or more in driving motor vehicles 
Act") to appoint an operation manager, for business use, who has finished the training given 

by the Director-General of the District Land Trans- (ii) Appointment of operation managers: 
port Bureau. 

a. Place of business where the appointment of operation (~) A person who has business experience of three years 
managers is required: or more in the operation of motor vehicles for the 

The place of business where the motor vehicle trans- same kind of business. 
portation business operators must appoint operation man- (~) A person who has business experience of seven yea~ 
agers is stipulated according to the number of motor or more in the driving of motor vehicles for the same 
vehicles for business use as set forth in Table 1 under the kind of business. 
Transportation Regulations for Motor Vehicles Trans- (~) A person who is recognized by the Director-General 
portation Business, etc. (Ministry of Transport Ordinance of District Land Transport Bureau to have an ability 
No. 44 of 1956; hereinafter referred to as the "Trans- equivalent or superior to the person of Item (~, Q 
portation Regulations"). or (~) above in the management of operation of motor 
b. Requirements for operation managers: vehicles. 

The operation manager has an important obligation to c. Notification on appointment of operation managers: 
ensure the safety of operation of motor vehicles for busi- The motor vehicle transportation business operator 
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must, if an operation manager is appointed or any management, (b) data management and (c) driving man- 

matter already notified is altered, notify the Director- agement. The personnel management referred to in this 

General of District Land Transport Bureau not later part includes that conducted in ordhaary business com, 

than 15 days from the date of such appointment or panics, but it does not aim at merely raising the produc- 

alteration, tivity, but means the special personnel management to 

d. Discharge of operation manager: those who are engaged in the special duties of driving 

If any operation manager does not confi~rm to the motor vehicles, 

Transportation Act or the Transportation F~egulations, The main purpose of data management is to obtain 

the Director-General of the District Land Transport Bu- effective data for performing better personnel manage- 

reau may order the motor vehicle transportation business ment. Such data will be indispensable for drawing up a 

operator concerned to discharge such operation manager, rational operation plan and accident prevention measures, 
because it can be checked whether the daily operation is 

(iii) Operation management vales and safety service rules: carried out as scheduled and it becomes possible to seize 

The motor vehicle transportation business operator the actual record of operation. 

must establish standards on matters relating to the service Driving management is viewed as a measure to ensure 

mad authority of the operation manager and ensuring of that the respective drivers are in their best condition in 

the safety of motor vehicles for business use, that is, the different working places by taking the necessary measures 

"operation management rules" and submit them to the before the commencement of daily operation. Unless any 

Director-General of the District Land Transport Bureau. harmony exists between a motor vehicle and a driver, it 

Table 2 shows the minimum extent of matters to be cannot be expected to secure the safety of transportation 

dished of by the operation manager. It is stipulated that in traffic, so that no matter how adequately training of 

the operation manager must perform his duties to dispose drivers is made, the safety of transportation cannot be 

those matters surely under the Operation Management ensured without proper management of the driving. Be- 

Rules. sides, it is necessary as pre-conditions for proper execution 

Moreover, passenger motor vehicle transpoi~ation busi. of driving management that the personnel management 

nesses and general route truck transportation businesses and data management be carried out properly. 

are operating motor vehicles systematically by employing (v) Training of operation managers: 
many crew members. Since the crew members perform 
most of their operations in places where direct supervision The Transportation Regulations stipulate as a series of 

by supervisors is not possible, it is necessary to thoroughly measures for preventing accidents that motor vehicle 

educate them concerning standards for safe fred sure per- transportation business operators must have their oper- 

formance of their daily operation. For this reason, they ation managers receive training executed by the Director- 

are obligated to establish safety operation guidelines on General of District Land Transport Bureau as to prac- 

matters to be observed by such crew membe~’s and their rices, techniques, etc. required for the management of 

services under the Transportation Regulations. operation. Through this training, the operation managers 

In the meantime, motor vehicle transportation business obtain the knowledge and improve the skill required for 

operators must give adequate guidance and supervision the performance of their duties in consideration of the 

for the observance of the operation management rules to public nature of their business which involves the trans- 

the operation managers and at the same tirne it is nec- portation of lives and property. 

essary to guide and supervise crew members under the 
safety ~rvice rules. 

(iv) Operation management services: 

The principal matters of operation management serv- Investigation and analysis of serious 
ices are the management of drivers. In order to perform accidents: 
the management of drivers properly, it is necessary to (i) Report system of serious accidents: 
complete the acceptance system inside the enterprises 
which can maintain a good level of driver proficiency. At In order for the Ministry of Transport to grasp the 

the same time, necessary measures must be taken to up- actual situation of motor vehicle accidents caused by too- 

grade drivers and to ensure that safety operation can be tor vehicle transportation businesses and analyze it to 

m~tained at all times under all circumstances. For that prevent the recurrence of such accidents, the Transpor’ 

purpose, it is required that a system to effect the operation tation Act stipulates that a "report of accidents" be made 

management be established in the motor vehicle trans- and the Motor Vehicle Accident Report Regulations 

portation businesses. (Ministry of Transport Ordinance No. 104 of 1951; here- 

The operation management services are divided into inafter referred to as the "Accident Report Regulations") 

three main categories as listed in Figure 2, (a) personnel stipulates in concrete detail how to make the report, etc. 
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Table 2. Minimum extent of matters to be disposed of by the operation manager. 

Kinds of motor vehicle 
Transportation Contents of matte~ to b~ 

No. regu~ons d~po~d of Motor ve~cles for ~ Motor resoles for 
p~nge~ 

1 A~icle 15 Bo~d~g se~ce of a conductor B~, c~ered b~, spe- 

p~a~aph 1 cffic ~d free 
tr~spo~a~on (~n- 
gcr capa~ of 11 or 
mbrc) 

2 A~icle 20 Measures to be t~en at ~e of 
ex~aord~ wea~cr conditions, O 
etc. 

3 Article 21 ~even~on of ove~ork (work~g 

p~a~aph 1 ho~ and bo~d~g hour) O O 

4 A~icle 21 Ditto (the health condition of 
p~a~aph 3 d~ve~) 

O O 

5 Article 21 Ditto (for long~tan~ or ~t B~ and c~ercd b~ Route 

p~a~aph 4 d~g, a~angement of relief 
d~ve~, etc.) 

6 ~icle 22 Rofl~, etc. O O 

? A~icle 22-2 Bo~d~g record O O 

8 A~icle 22-3 Record~g by tacho~aph B~, c~ered bus, spe- 

A~iclc 4~ cffic and free p~nger 
tr~spo~a~on (~ ~ O 
of b~, opera,on routes 
of l~km or more) 

9 A~icle 45-3 Placement of motor resoles Ditto 

p~a~aph 3 with tacho~ap~ O 
item 3 

l 0 ~icle 23 Standard d~g c~ man~l, Bus 
p~a~aph 1 etc. 

11 A~icle 23 Opera,on schedule Ditto 
p~a~aph 2 

12 A~icle 24 Invest~ation, etc. of routes C~tcred bus 

13 A~icle 25~ Appo~tmcnt of d~ve~ 
O O 

A~icle 45-2 

14 A~icl~ 25~ Ce~icate of board~g crew Taxi 

p~a~aph 2 member 

15 Indication of ce~fficate of d~ver Ditto 

(~icle 13 of the Ta~ Bu~c~ 
Ratio~adon Tcmpora~ 
Measures ~w) 

16 A~iclc 26 Su~ion of crew membe~ O O 

l ? A~icle 29 ~o~ion of cmergen~ s~ 
p~a~aph 2 eq~pment, etc. O O 

18 ~tation of d~ve~ (~icle 27 ~ 
of the Road Transpo~a~on Act) O 

19 Wam~g of accident (~cle 5 
~ of the Re~tions of Repo~g O O 

Motor Ve~cle Accidents) 

20 A~ticle 45-3 ~o~bition of opera,on of ~ O p~a~aph 1 over-loaded motor 

21 A~iclc 44-3 Stand~ds for board~g ~ice Ro~t¢ t~ (app~bl¢ 
~ to open,on route of 

1~m or more) 

Note: Mark "~" is applicable to all motor v~hicl~ transpo~ation businesses. 
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F- Health condition (medical check-up and holding of past 
| record of illness) 
~-- Fixing of limited number of drivers 

~Emp~oyment--~- Setting up of employment plan 
of drivers ~- Preparation of procedures for employment examination 

-Personnel ¯ ~-- Establishment of employment standards 
ra~r~gement ~-- Recording of employment results 

u_ Preparation of log book of drivers 

r---Determination of working hours (assignment of boarding Labor     |duties, etc.) (countermeasures against overwork, etc.) 

management----~- Arrangement of equipment, etc. for relaxation and taking -and 
health [--- &~)lishment and enforcement of medical check and 
management    aptitude check plan 

F- Class work (safety service regulations, com- 
| pany rules, laws and regulations, accident _ Initial --I prevention, health care, etc. 

traLning    L__ Tral i ,,-.--f- Individual training 
~---~ k._ Group training 

~ 
P ractical training for the time of emergency 
(escape, emergency measures, etc.) 

-Training Daffy --Guidance on board motor vehicles 
¯ Patrol of service routes training 

~-- Guidance for prevention of accidents, 
[ health care, etc. 

~-- Others 
Ol~rafion 
management- 

V- Health check ~rvices Traini~o | (close examination) 
";-~°~’~" ~Aptitude check . I r-- Exclusion of o~ persons . . . 
who caused--] (close exammatmn) ~_] inadequate 

- ,~,,,~ ~-- Analysis of accidents~ [ persons 

accidents"""~ 
u__ Analysis of driving ~ t__ Retraining 

condition (analysis, 
etc. of tachograph) 

~ Countermeasures against extraordinary ..... 
Before weather conditions 

-- start of Investigation of service routes 
operation [ (road and traffic condition, etc.) 

Exchange of data with other operators, etc. 

~-- Roll-call at the ending time 
| (condition of vehicles, road, etc.) 
~-- State of delay of operation 
~- Recording of----q F-Guidance and 

Data ,         After       | boarding services ~ supervision of 
--mana[,ement-- -- end of ~-- Recording of------~ L drivers operation 

| tachograph Statistical use 
u__ Recording .... Investigation -- Counter- 

of of each measures 
accidents accident 

Statistics and 

~ analysis of Measures for 
- Others ........... accidents preventing 

Data on prevention- accidents 
of accidents 

-- Roll-call (roll-call at the starting time, mid-point roll-call, 
and roll-call at ending time 

-- Direction of operation 
-- Operation schedule 

Driving       -- Standard driving chart manual 

-management-- -- Standards of boarding services 
-- Maxinaum limit of boarding distance 
--Placement of crew members 

-- Arrangement .~ Management of motor vehicles 
of motor (maintenance and repaix manage- 
vebJcles ment, use management (economical)) 

Figure 2. Categories of operation management services. 

1032 



SECTION 5: TECHNICAL SESSIONS 

(ii) Report of serious accidents: (i) As for dangerous materials such as gasoline, ether, 

It is stipulated that motor vehicle transportation busi- 
acetone, etc., the Fire Prevention Act (Law No. 186 

ness operators must, if their motor vehicles have caused 
of 1948)stipulates that the quality of containers, load- 
ing method and transportation method be in con- 

........ any accident which comes under any of the following formity with the technical standards prescribed by 
items (hereinafter referred to as for "serious accident"), 

the related cabinet order. 
report such accident to the Minister for Transport 
through the Land Transport Office concerned in the pre- 

Furthermore, as for the transportation of dangerous 

scribed form within ten days from the day of the accident 
materials by mobile tanks (such as tank lorries), the 
presence of a certified dangerous materials handler 

in accordance with the provisions of the Transportation 
in the transportation vehicle together with the driver, 

Act and the Accident Report Regulations. 
Furthermore, the Minister for Transport or the Direc- 

his technical ability being in conformity with the 

tor-General of the District Land Transport Bureau as- 
standard prescribed by the related cabinet order, and 

sesses the circumstances of accidents and trend of 
his possession of the certificate with him in perform- 

accidents, etc. through such accident reports and the 
ing his duty are also provided by the above-mentioned 
law. 

prompt report stated below and takes measures to prevent 
........... (ii) As for the handling of high-pressure gases such as ......... accidents through warnings, etc. 

Kinds of serious accidents: methane, hydrogen, oxygen, liquefied petroleum gas, 

a. Roll-over accident etc., the High-Pressure Gas Control Act (Law No. 

b. Fall-down accident 204 of 1951) stipulates that the quality of containers, 

c. Fire accident loading method and transportation method for the 

d. Grade-crossing accident transportation of high-pressure gases be in conformity 

e. Death or serious injury accident with the technical standards prescribed by the ordi- 

f. Accident whose damage exceeds 500,000 yen in to- nance of the Ministry of International Trade and 

tal Industry. Furthermore, the standard concerning a 

g. Accident causing immobilization of the motor ve- container fixed on a vehicle (such as that of a tank 

hicle due to breakdown lorry) that is established to supplement the require- 
ments of such ordinance requires a) the warning mark 

(iii) Prompt report of accidents: of dangerous materials to be indicated at a readily 

Motor vehicle transportation business operators must, visible place on the container, b) the contents of the 

if there occurs any accident in the above categories of gas in the container not to exceed 18,000 litres in the 

serious accidents which causes roll-over, fall-down, fire case of inflammable gases such as oxygen, and 8,000 

and grade-crossing collision, with resultant fatalities and litres in the case of poisonous gases, and c) in the 

seriously injured cases, promptly report the outline of case of containers other than those whose discharging 

such accident to the competent Land Transport Office outlets are provided at their rear, a container to be 

within 24 hours by telephone, telegram or other proper fixed on a vehicle so that the horizontal distance 

means, between its rear and the rear of the bumper will not 

In addition, the outline of any accident other than the become shorter than 30 cm. 

above which causes conspicuously large numbers of fa- (iii) Explosives 
talities and injured or which is considered to have a very 
serious influence on the society, will be reported promptly, As for the transportation of explosives, the Gunpowder 

too. Control Act (Law No. 149 of !950) stipulates that the 
carrier of the explosive must notify the competent pre- 
fectural public safety commission to obtain a certificate 

Safety measures for transportation of dan- proving that the necessary notification has been submit- 
gerous materials ted, and shall carry such certificate during the transpor- 

tation of the explosive. Furthermore, the transportation 
Related laws route, loading method, indication of the warning mark 

Safety measures for the transportation of so-called dan- and transportation method are stipulated to be in con- 

gerous materials such as gasoline, liquefied petroleum gas, formity with the technical standards prescribed by the 

explosives, poisonous substances, powerful poisonous sub- ordinance of the Prime Minister’s Office. 
stances, cobalt 60, plutonium, etc. by motor vehicles are 
adopted on the basis of the related laws. 

(iv) Poisonous substances and powerful poisonous sub- 

The general requirements concerning the handling of 
stances. 

dangerous materials such as storage, transportation, con- As for the transportation of poisonous substances or 

tainers to be used, etc. are prescribed by each of the powerful poisonous substances such as mercury, sulfuric 

following laws: acid, etc., the condition of the container, loading method, 
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transportation method, the conditions concerning the (high-pressure gas) shall meet the following stand- 
pr~nce of the shift driver and helper in the transpor- ards: 
ration vehicle, indications of the sign on the vehicle must * The rear of the frame shall be provided with a 
be in conformity with the Enforcement Order and the bumper and other buffer system in order to protect 
Enforcement Regulations of the Poisonous Substances the gas container and its accessories from being 

and Powerful Poisonous Substances Control Law (Law damaged in the event of collision. 

No. 303 of 1950). * The buffer system shall be located sufficiently away 
from the rear side of the container and its acces- 

(v) As for the transportation of radio isotopes (such as 
sories. 

cobalt 6<)) and nuclear fuel materials (such as ura- ¯ Others. 
nium, plutonium, etc.), the conditions of the trans- 
portation are regulated by the Law Concerning the (iv) Any motor vehicles carrying explosives shall meet the 

Prevention of Radiation Hazards due to Radioactive following standards: 

Isotopes, etc. (Law No. !67 of 1957) and the Law * The rear body and engine shall be separated with 

Concerning Regulation of Nuclear Source Materials, non-inflammable partition walls. 

Nuclear Fuel Materials and Reactors (Law No. !66 * The electric system shall be insulated properly. 

of 1957). The outline of the regulations provided by * Others. 

these laws wilt be explained later in C: 

Radioactive materials (radio isotopes, nuclear 
fuel materials, etc.) 

Road Vehicles Act The technical standards for the transportation of ra- 
As tZor the constructions and equipments of motor re- dioactive materials have been established in conformity 

bdcles to be used for the transportation of dangerous ma- with the "Regulations for the Safe Transport of Radio- 
terials, the following standards have been established in active Materials" (1973 Revised edition) of IAEA (In- 
conformity with the Safety Regulations for Road Vehicles ternational Atomic Energy Agency), the "Techniques for 
(M~stry of Transport ordinance already explained in the Transportation of Radioactive Materials" published 
Parts 2 and 3) based on the Road Vehicles Act, in order by the Atomic Energy Commission in January, 1975, and 
to ent2orce the inspection of vehicles (already explained the "Report on the Amendment of the Standard for the 
in Part 5) for ensuring safety during the transportation Transportation of Radioactive Materials or Substances 
of dangerous materials by preventing the occurrence of Contaminated by Radioactive Materials" recommended 
fire or explosion, by the Council for Radiation in August 1977. As a result, 

this standard has become one of the most stringent stand’ 
(i) Vehicles to transport any of the lbllowing dangerous 

ards in the world. 
materials, etc. are required to have a fire extinguisher 
installed. (i) Standard for transported goods 
¯ Dangerous materials such as gasoline (when the 

quantity exceeds the designated quantity) The quantity of transported goods is specified by an 
ordinance of Prime Minister’s Office in consideration of ¯ High-pressure gas (when the quantity is over 150 

kg, and it is flammable) the kinds of transported goods. On this basis, radioactive 

¯ Explosive (5 kg or more) materials are classified into type L, type A, type B(M) 

¯ Radioactive and nuclear fuel materials and type B(U). 

(ii) Any motor vehicle used to carry such dangerous ma- type L: Substance to be transported in the least dan- 

terials must meet the fol!owing standards: gerous quantity. 

¯ The electric system shall be insulated properly, type A: Substance whose radioactivity is less than the 

¯ Re rear body and engine shall be separated by non- specified level. 

inflammable partition walls, type B(M) or type B(U): Substance whose radioac- 

¯ The parts of the exhaust pipes and silencers within tivity is higher than the 

the range of 200 mm respectively from the surface specified level. 

of the tank shall be covered with appropriate-heat Of the above classifications, the least dangerous quan- 
tity means less than one thousandth of the specified quan, prevention fittings, 
tity. Also, the transported goods are required to meet the ¯ The rear of the frame shall be provided with a 
technical standards applicable to type L, type A, type 

bum~r and other buffer system in order to protect 

the tank and its accessories from being damaged ha 
B(M) and type B(U) respectively, shown in Table 3. 

the event of collision. (ii) Standard for transportation method 
¯ Others. 

In order to ensure the safety during transportation, the 
(iii) Any motor vehicles with gas-transporting containers ordinance of the Ministry of Transport stipulates that the 
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Table 3. Technical standards to be met by the categories of the transported goods. 

Standard Type L Type A Type B(M) Type B(U) 

......... 1. All the sides of the container should be longer O O O O 
than 10cm. 

2. Handling should be easy and safe. O O O O 

3. Container should be free of cracks or damage O O O O 
during transportation. 

4. Container should be sealed. O O O O 

5. Surface contamination should be lower than O O O O 
permissible concentration. 

6. Radiation leakage level should be lower than 
the standard value. 
(1) Surface (m rem/h) 0.~ 200 200 200 

(2) 1 m from surface (m rem/h) - 10 10 10 

..... 7. Unnecessary articles should not be put in the - 0 0 0 
container. 

8. Under normal testing conditions: 
(1) Maximum permissible radiation level on - 200 200 200 

the surface (m rem/h) 
(2) Permissible leakage of radioactive No leakage 

substances (1 h) - permitted A~ x 10-6 As x 10"~ 

............. (3) Surface temperature should be under 50°C. - - O O 

(4) Surface contamination should be under - - O 
permissible concentration. 

9. Under special testing conditions: 
(1) Maximum permissible radiation level - - 1,000 1,000 

1 m from surface (m rem) 

.... (2) Permissible leakage of radioactive 
- - As Asx 10-3 

substance (1W) 
(3) -40°C test. - - - O 

10. Use of filter and mechanical cooling equip- 
ment shall be prohibited. 

11. Internal pressure should be under 7kg/cm2 (G). - - - O 

(Note) Besides the standards listed in the above table, as for the fissionable materials, the standards for preventing such materials from reaching 
the critical state must also be observed. 

place of handling, loading method, method of indication, (iv) Measures to be taken at time of accident during trans- 

etc. must be in conformity with the standards listed in portation 

the following Table 3. When an accident has occurred during transportation 
of radioactive materials, the carrier who is responsible for 

(iii) Approval for the transportation of radioactive ma- the transportation of such materials not only shall im- 

terials mediately take the necessary measures such as preventing 

When transporting transported goods (such as type the general public from approaching the vehicle but also 

B(M) or B(U) transported goods) for which special care shall immediately notify all the related parties to that 

for the prevention of radiation leakage and the critical effect. 

state is required, the transported goods to be transported 

must be approved by the prime minister or the general 
director of the Science and Technology Agency, and the 

method of transportation by the Minister for Transport 
respectively in order to confirm that both the transported Testing and Research Systems by the 

goods to be transported and the method of transportation Government 
are in conformity with the related technical standards, 

respectively. Also, when transporting the transported Outline of the traffic safety and nuisance re, 

goods, the user of such materials is required to notify the 
search institute: 

competent prefectural public safety commission to that The increase of traffic accidents, air pollution by ex- 

effect, hanst gas from motor vehicles and so forth have gradually 
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offi~ 

--Planning office ~Planning and Planning and coordination of tests and research~ 
survey staff surveys, treat~!ent of the results of research and 

surveys, documents and patents 

--Transportation Surveys, tests and research on transportation 
syst©ms section systems 

--Railway section Surveys, tests and research on railways, tracks, 
cables, facilities for trackless trolley cars, rolling 
Stocks and safety devices 

--Motor vehicle Surveys, tests and ~esearch on th~ movi~,g perfor~l- 
dynamics section ance of road vehicles 

- Traffic safety ~ Motor vehicle Surveys, tests and res=arch on the structure of 
division structure section road vehicles 

--Automotive equip- Surveys, tests and research on the safety systems, 
ment section inspection and mai~tenanc~ method and inspection 

and maintenan,~e equipmen,t for road vehicles 

--Accident Surveys, tests, and research on accidents caused by 
analysis section the defects of road vehicles 

Director general ~ Aviation section Surveys, tests and rese~ch on aircraft, aircraft 

of in~tute engines, aircraft equipment, ~irport facilities and 
safety systems for airports 

-- Engine section Surveys, tests and research on the prevention of 
pollution caused by motor vehicles through the 

improvement of engines, control of exhaust gas, 

prevention of pollution caused by fuel ¢onsump. 
tion for motor vehicles and prevention, of radio 
interference by automotive engines 

-- Traffic nuisance    Measurement Surveys, tests and research on the method of 
division section measurement of exhaust gas and measurini~ 

instnlments of exhaust gas for the prevention 
of pollution 

¯ 
--Fuel efficiency Surveys, tests and research on the rationalization 

section of energy consumption through motor vehicles 
and motorcycles 

--Traffic noise Surveys, tests and research on the prevention of 
pollution section noise from motor vehicles, and the measurement of. 

noise caused by the operation of motor vehicles 

-- Automobile typ~ Examinations related with the type designation of 
approval test motor vehicles in conformity to the Road Vehicles 
division Act, and technical inspections on ensuring of safety 

for motor vehicles, prevention of pollution by 
motor vehicles, and measurement of energy con- 
sumption efficiency for motor vehicles. 

Figure 3. Organization and duties in traffic safe~¢ and nuisance research institute. 

come to the fore as social problems from about 1965 along organ of the Ministry of Transport to undertake tests and 
with the progress of the motorization in this country, research that can be utilized for traffic administration. 
Besides, the existence of defective motor vehicles had This institute also includes the Automobile Type Ap- 
become another social problem by 1969. In order to cope proval Test Division as already explained in Part 4 and 
eff~_tively with the problems of increasing traffic aeci- the research section for railway traffic and air navigation. 
dents, public nuisances caused by vehicles and the exist- In this part, however, we are going to take up only the 
ence of defective vehicles, the traffic safety and nuisance section concerned with safety for motor vehicles, preven- 
research institute was founded in 1970 as a subsidiary tion of pollution and energy saving. 
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Organization and duties in the traffic safety (ii) The measurement section is engaged in research on 

and nuisance research institute: the measurement of NOx emitted from large diesel- 

engined motor vehicles based on technical data ob- 

The organization and duties in this institute are as tained through experiments using actual motor 

shown in Figure 3. The traffic safety division is responsible vehicles. 

for the research on the safety of motor vehicles, (iii) The fuel efficiency section is conducting research on 
how to measure the fuel efficiency of motor vehicles, 

A. The traffic safety division comprises the four re- how to mix fuel with alcohol for practical use, and 
search sections for motor vehicles, and these research how to reduce fuel consumption while motor vehicles 
sections are currently engaged in the following prin- are running, based on technical data obtained 

......... cipal research projects respectively, through experiments using actual motor vehicles and 

(i) The motor vehicle dynamics section is now engaged individual engines. 

in researches on the controllability and stability of (iv) The traffic noise pollution section is responsible for 

motor vehicles based on the technical data obtained research on the method of measurement and estimate 

through experiments using models and actual motor of noise from motor vehicles based on technical data 
........... vehicles, obtained through experiments using actual motor 

(ii) The motor vehicle structure section is now con- vehicles and anechoic chamber. 

ducting research on improving the brake perform, C. The traffic safety and nuisance research institute is 
ance of motor vehicles based on the technical data also conducting research entrusted by other parties, 
obtained not only through experiments using indi- providing technical guidance to other parties, and 
vidual brakes and braking systems for high-speed cooperating with the police and judicial authorities 
vehicles but also through experiments using actual by providing them with the technical data that they 
motor vehicles, need in performing their duties, in addition to its 

(iii) The automotive equipment section is now undertak- own research activities, 
ing research on how to make the optimum vision 
available for drivers of motor vehicles based on the Remark: Originally scheduled for this issue, the 6th in- 

technical data concerning the running speed, locus stallment of"Maintenance and Repair of Motor Vehicles" 

..... .... and the scope of driver’s eyes obtained through the has been postponed to the next issue No. 9, since partial 

experiments using actual motor vehicles. revision of the law pertaining to it is now being made. 

(iv) The accident analysis section is now carrying out 
research on how to reduce the damage to vehicle For further information, please contact: 

and driver at the time of collision and the strengths In Japan; 
of the structure and equipment of motor vehicles Engineering Division, Motor Vehicles Department, 

............... based on the technical data obtained through the Road Transport Bureau, Ministry of Transport, 1- 
collision experiments. 3, 2-Chome, Kasumigaseki, Chiyoda-ku, Tokyo, 100, 

B. On the other hand, research on the prevention of Japan 

pollution caused by motor vehicles and energy-sav- Phone: (03) 580-3111 Ext. 3112 
ing systems for motor vehicles are undertaken by Fax: (03) 581-!454 
the traI~c nuisance division. This division comprises 

In Europe; 
the four research sections for motor vehicles, and 
these research sections are engaged in the following Takashi SHIMODAIRA 
principal research projects respectively. Ambassade du Japon 

58, Avenue des Arts, 1040 Bruxelles, Belgique 
(i) The engine section is now engaged in research on 

how to measure the characteristics of exhaust gas Phone: 513-9200 

from gasoline engines in use, measurement of the 
In the United States; 

performance of exhaust gas control systems for mo- 
Sakae KOBAYASHI 

tor vehicles, and generation and prevention of toxic Automobile Department, Japan Trade Center 
substances from engines and exhaust systems based 

1221, Avenue of the Americas, New York 10020 
on technical data obtained through experiments us- 
ing actual motor vehicles and individual engines. Phone: 212-997-0437/840-0267 
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Table 4. Standard for transportation method. 

Item                                         Requirements 

Place of handling                Handling ~n any place that is readily acccessible by outsiders should be 
prohibited 

Loading method Loading and unloading should be done with adequate attention to safety. 
Loading operation ~n any place that is readily accessible by outsiders 
should be prohibited. 

Prevention of critical state Under no circumstances should the radioactive substance be allowed to 
(Applicable only to nuclear reach its critical state during transportation. 
fuel mate~) 

Restriction of mixed loading Mixed loading of explosives and high-pressure gases should be restricted. 
Any material whose heat-radiating rate is higher than 15 W/m2 should 
not be loaded together with other materials unless special measures are 
taken. 

L~tation of radiation level Surface: Under 200m rein/h; 1 m from surface: Under 10m rein/h; 
for the container Permissible surface density should be restricted. 

Transport index Calculation method of transport index should be specified. 

Labeling or indication Labeling for transported goods, indication of "Full load", indication of 
type (such as type A or type B), indication of the "Full load" for type B 
material should be specified. 

Limitation of load Total transport index per vehicle should be under 50. 

Permissible radiation level Surface of vehicle: under 200m rem/h, lm from surface of vehicle: 
for vekicle under 10m remih, driver’s cabin: under 2 m rem/h. 

Labeling related with vehicle Vehicle labetmg should be indicated on both sides and rear of the vehicle. 

Documents concerning the Documents indicating the kind, quantity, handling method, cautions and 
handling to accompany the measures to be taken at the time of accident should accompany the 
material to be transported material to be transported. 

S~t driver In case the material has to be transported over a long distance or during 
nighttimeea shift driver should be provided in order to prevent driver 
fatigue. 

Guard Parked vehicle should be watched by a guard. 

Measures to be taken in In transporting type B (M) transported goods, radiation detector, 
transporting type B(M) protective devices and specialist should accompany the material to be 
transported gogds transported. 
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CONFERENCE CLOSING 

Closing Remarks by the Head of the Japanese and American 
Delegations at the Ninth ESV Conference 

NORIYOSHI UNO Technical sessions on a wide variety of themes have 
Director-General of Traffic Safety and Nuis- been held at this conference. In the field of biomechanics 
ance Research Institute, Ministry of Trans- and dummy development, meaningful results have been 

port obtained from new concepts. A significant exchange of 
opinions has occurred in such essential areas of research 

The Ninth ESV International Technical Conference is as the collection and analysis of accident survey data. A 
about to come to a close. The Conference has been a great technical session was newly set up at this conference for 
success, and, as the representative of the sponsoring coun- the purpose of discussing automobile safety ratings. Prob- 
try, I should now like to add a few words of my own. lems from previous ESV conferences were discussed, and 

This is the second time that the ESV conference has new points for discussion were identified. 
been held in Japan. The first was in March 1973. All I should like to express my warmest feelings of gratitude 
Japanese involved in automobile safety technology have to the United States government, which has contributed 
been most happy to sponsor these two conferences. The so much to the sponsorship and success of this Confer- 
technical results brought about in the context of ESV ence. May I also take this opportunity to offer my thanks 
Programs to date have become the common property of to all of you for coming to Kyoto and participating in 
the automobile industry, research laboratories, and gov- this Conference. 
ernment organizations throughout the world. Some of Thanks must also go to the interpreters who have put 
them have been incorporated into the design of mass- so much effort into conquering the language barriers, and 
produced automobiles, with the result that mankind now to those involved on the Japanese side in ensur~g the 
enjoys the benefits of the motor car with increasing safety, smooth flow of conference proceedings. 
Accompanying the development of motorization, the Participants in this Conference will have had the 
safety and anti-pollution requirements made on auto- portunity to come into contact w~th the culture and cus- 
mobiles are growing ever greater; particularly noticeable toms of Japan, and I hope that this experience will have 
~s the development of technical innovation in the auto- helped towards ever greater understanding of Japan. As 
mobile industry with both specific safety technology and I am sure you are aware, Kyoto is both the ancient capital 
testktg methods becoming ever more complex and ad- of Japan and, at the same time, a modern city. It is an 
vance!. Indeed, I believe that it would be no exaggeration ideal city for coming into contact with the culture and 
to sayhat without international cooperation it would be customs of Japan. I should like to conclude these remarks 
virtual]t impossible for any individual country to carry by saying how much I hope that you will be able to find 
out sucl.research and to establish regulations entirely on the time after the closing of this Conference to appreciate 
its own. he purpose of this conference is to allow experts for yourselves the beauty of this city, in which the au- 
in the fiel~f automobile safety technology from through- tumnal tints are now at their peak. 
out the W~ld to gather in a single place and exchange Lastly, the next ESV meeting is going to be held in the 
their vario, studies and findings in order to create a Spring of 1985 in the U.K. at the kind invitation of the 
common aW.eness of the problems involved. This should government of the United Kingdom. I would like now to 
make it possle to create an international coneensus re- declare the Ninth International Technical Conference on 
garding the r~.lts of safety research and the fundamental ESV closed. I look forward to meeting all of you agah’~ 
data used in t, establishment of regulations, at the next meeting. 
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Michaet M. FtNKELSTEIN 
National Highway Traffic Safety Adminis- discussions of vehicle safety. We’ve heard and discussed 

tration papers of the highest quality; papers whose importance 
will grow as we have time to study them and incorporate 

As this Ninth International Technical Conference on these new findings into our own future research. 

Experimental Safety Vehicles comes to a close, we in the We would be remiss if we did not take this opportunity 

auto safety community again have tangible evidence of on behalf of Deputy Secretary Trent, Administrator Peck, 

the benefit gained from our effort to seek solutions to our and the entire United States delegation--I am sure I can 

common problems. As we progress beyond the develop- say without fear of contradiction, on behalf of all of the 

Tent of Experinaental Safety Vehicles to the examination conference participants--to express our gratitude for the 

of the full range of vehicle safety problems facing us all, generosity, hospitality, and remarkable et~ciency of our 

it is clear that our success to date in the ESV program Japanese hosts: the Government of Japan, the Japanese 

must serve as a model for future cooperation. Auto Manufacturer’s Association, and the Japanese Au- 

Here in Kyoto, we have had four days of wide-ranging tomobile Research Institute. Thank you all. 
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